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Background
T cell (or transmembrane) immunoglobulin and mucin domain 3
(Tim-3) is a transmembrane protein that has been associated with
both inhibitory and co-stimulatory function in T cells. In tumor-
infiltrating (TI) T cells and during chronic infection, Tim-3 has been
seen to be expressed in terminally exhausted T cells and a significant
proportion of regulatory T cells (Treg). However, what role Tim-3
plays in Treg is still unclear. Another factor complicating the role of
Tim-3 is that along with Tim-3, other checkpoint receptors such as
PD-1 are also upregulated in TI-Treg and very little is known about
crosstalk between various checkpoint receptors in effector T cells
and Treg.
Methods
To investigate the role of Tim-3 in Treg, we used two mouse models,
a constitutive Tim-3/Treg model (Foxp3-YFP-Cre x flox-stop-flox Tim-
3) and a tamoxifen-inducible Treg/Tim-3 model (Foxp3-CreERT2 x
flox-stop-flox Tim- 3).Basic characterisation of the immune system
specifically the lyymphoid compartment and T cells including Treg
cells was carried out. Functional assays on T regulatory cells was also
done to look at effect of TIM-3 expression on T reg cells.
Results
At ten weeks after Tim-3 induction, Tim-3 transgenic mice had larger
spleens and lymph nodes. This phenotype was observed to be milder
in younger mice. Lymphoid organs in constitutive Tim-3 transgenic
mice showed systemic lymphoid hyperplasia. T cells in these mice
displayed a more activated phenotype. Overall frequency, numbers
and phenotype of Treg cells in the peripheral lymphoid organs were
also altered in constitutive Tim-3 transgenic mice. In the inducible
Tim-3 mice however, we do not find systemic lymphoid hyperplasia
but changes in numbers and phenotype of Treg were consistent with
constitutive Tim-3 transgenic mice. Ectopic Tim-3 expression on Treg
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was also associated with changes in Treg function both in vitro and
in vivo.
Conclusions
TIM-3 is sufficient to change the basic regulatory function of T reg
cells, thereby studying how checkpoint therapies effect T reg in
tumormicroenvironment and chronic infection may lead us to better
Understanding the role of Tim-3 in Treg, and could contribute to
novel therapeutic approaches for diseases such as cancer and
chronic infection.
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Background
CD137 (4-1BB/TNFRSF9) is a costimulatory receptor belonging to the
TNF receptor superfamily. It was originally cloned as an inducible
gene from stimulated helper and cytotoxic T cells and has since been
shown to also be expressed on natural killer (NK) cells. Agonistic
anti-CD137 antibodies have shown potent, often curative anti-
tumour activity in preclinical models. These effects are mainly medi-
ated by cytotoxic T cells and generate long lasting, memory re-
sponses. Two human anti-CD137 antibodies, binding to the
extracellular domain of CD137, urelumab and utomilumab are cur-
rently undergoing clinical testing. Urelumab has shown several
single-agent, partial responses, but its use has been hampered by
hepatoxicity, whilst utomilumab has shown little or no single agent
activity.
Methods
Bicycles® are a new class of drugs - fully synthetic, constrained bicyc-
lic peptides that combine the attributes of three therapeutic modal-
ities (antibodies, small molecules, and peptides) by delivering high
affinity, good PK, and rapid clearance. Their small size (1.5-2 kDa) de-
livers advantages in tumour penetration, and rapid renal elimination
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may avoid the liver and GI toxicity often associated with other drug
modalities, including certain antibodies. We hypothesised that a fully
synthetic Bicycle CD137 agonist with rapid renal clearance, minimal
liver interaction and no Fc receptor interaction may induce CD137
mediated anti-tumour activity while avoiding liver toxicity. We
screened for CD137 binders with a library of 10e12 Bicycles using
phage display and following phage and chemical optimization, a
high affinity lead BCY3814 (KD ~30 nM) was selected.
Results
BCY3814 binds to the human CD137 ligand-binding site. In common
with many TNF receptors, CD137 activation requires receptor cross-
linking, thus multivalent binders would be expected to recapitulate
the action of its natural trimeric ligand. We generated more than 50
different bi-, tri- and tetra-valent variants of BCY3814 with chemical
linkers and hinges of various lengths and rigidity using different sites
of attachments, while maintaining a compact size (<15 kDa). We de-
veloped molecules exhibiting a wide range of potency in a cell-
based CD137-dependent reporter assay. In addition, these molecules
activate human T cells in vitro as monitored by increased cytokine re-
lease. Selected CD137 multimers are being tested in a humanized
CD137 mouse model to demonstrate T cell activation and anti-
tumour activity, without the liver toxicity reported for urelumab.
Conclusions
We hypothesise that such molecules could be promising, novel can-
cer immunotherapy candidates and importantly, they pave the way
for development of synthetic agonists of other TNF receptors.
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Background
Preclinical and ongoing clinical studies support the application of
TLR9 agonists for immunotherapy. The immune surveillance reactiva-
tor (ISR) lefitolimod is in advanced clinical development for single-
agent maintenance treatment in metastatic colorectal cancer (phase
III, IMPALA) and extensive disease small cell lung cancer (phase II, IM-
PULSE). Lefitolimod activates plasmacytoid dendritic cells to secrete
interferon-alpha, followed by a broad activation of cells of the innate
and adaptive immune system. Lefitolimod therefore provides the ne-
cessary and sufficient signals for the initiation of an immunothera-
peutic anti-tumor response.
Methods
It was evaluated, if lefitolimod is able to induce local and systemic
anti-tumor immune responses in the murine syngeneic colon carcin-
oma CT26 and the breast cancer EMT-6 models. The presence and
activation state of CD8+ T cells within tumor infiltrating cells was de-
termined via flow cytometry. Tumor antigen-specific T cells were ana-
lyzed via IFN-gamma ELISpot using spleen cells stimulated with
either tumor cells or the peptide AH1, derived from an immunodomi-
nant antigen of CT26 cells.
Results
Intratumoral administration of lefitolimod resulted in a beneficial
modulation of the tumor micro-environment (TME) characterized by
increased infiltration of activated CD8+ T cells, which showed an up-
regulation of Granzyme B. Notably, an increase of IFN-gamma secret-
ing CD8+ T cells within the spleen was detected after re- stimulation
with the tumor-specific AH1 peptide antigen or CT26 tumor cells.
This beneficial TME modulation and antigen-specific effects were as-
sociated with a markedly reduced tumor growth in the CT26 model.
The anti-tumor effect was even more pronounced in the EMT-6
model, where nine out of ten mice showed complete tumor regres-
sion. The 9 tumor-free mice subsequently rejected both, the initially
used EMT-6 as well as CT26 tumor cells in re-challenge studies, in
contrast to age-matched naïve mice. This indicates that treatment
with lefitolimod induces a sustained, long-lasting immune memory
against shared antigens of both tumor types.
Conclusions
Treatment of tumors with lefitolimod resulted in a beneficial modula-
tion of the TME with an increase in anti-tumor effector cells. A strong
systemic immune response as well as a sustained immune memory
against different tumors was induced. These data indicate that
lefitolimod provides the essential requirements for use as mono-
immunotherapy or as an optimal combination partner of other
immunotherapeutic drugs like checkpoint inhibitors in immuno-
oncological trials.
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Background
Background: Although checkpoint inhibitor therapies have signifi-
cantly improved outcomes in multiple cancers, complete and durable
responses remain infrequent, possibly attributable to a lack of ad-
equate T cell costimulation and/or activating signals. Novel thera-
peutic proteins which confer T cell costimulation may be particularly
effective anti-tumor therapies, particularly in combination with
checkpoint inhibitors. But at the same time, localization of such costi-
mulatory activity to tumors, such as via a tumor-specific targeting
antigen, may be simultaneously important to maintain tolerability of
such agonist therapeutics. B7-H6, a cell surface immunoglobulin
superfamily (IgSF) member which binds the NKp30 receptor, appears
to be expressed specifically in multiple tumor types, and may serve
as such a tumor-specific antigen. Novel therapeutic proteins which
localize costimulatory agonist domains to B7 H6 may therefore be
capable of significant antitumor efficacy yet may be safely adminis-
tered systemically by preferentially localizing agonist activity to the
B7-H6 tumor microenvironment.
Methods
Methods: Using our platform technology, which is based on the di-
rected evolution of IgSF members, NKp30/ICOSL variant immuno-
globulin domain (vIgD) fusion proteins were created from NKp30
vIgDs with high affinity against B7-H6 and ICOSL vIgDs, which dually
agonize the T cell costimulatory receptors ICOS and CD28. These
tumor- localizing vIgD proteins were evaluated in vitro in T cell costi-
mulation assays with target cells with or without B7- H6, and in vivo
in a B7-H6+ CT26 mouse tumor model.
Results
Results: NKp30/ICOSL vIgD-Fc fusion proteins conferred effective B7-
H6-dependent costimulation to T cells in vitro, with enhanced T cell
proliferation and cytokine production (IFN-gamma, TNF-alpha, IL-2) in
response to B7- H6-expressing but not B7-H6-negative target cells.
Isolated ICOSL and NKp30 vIgDs alone were not efficacious. Import-
antly, NKp30/ICOSL vIgD-Fc fusion proteins demonstrated anti-tumor
efficacy in a B7 H6+ mouse tumor model, especially when adminis-
tered in combination with a PD-1 inhibitor (Figure 1).
Conclusions
Conclusions: Tumor-localizing NKp30/ICOSL vIgDs confer potent T
cell costimulation via CD28 and ICOS dependent upon the tumor
antigen B7-H6 and elicit encouraging efficacy against B7-H6+ tumors
in vivo, including in combination with PD-1 inhibitors. Such fusion
proteins may provide particularly effective therapeutics for B7- H6+
tumors either as monotherapy or in combination with checkpoint
blockade. These findings further suggest tumor-localized immuno-
modulation is possible and may improve cancer outcomes.
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Ethics Approval
All animal procedures were approved by the appropriate Institutional
Animal Care and Use Committee overseeing the vivarium where the
studies were conducted (Alpine Immune Sciences and Charles River
Laboratories), and followed the guidelines set forth in the 8th Edition
of the Guide for the Care and Use of Laboratory Animals (National
Research Council, 2011).
Fig. 1 (abstract P400). See text for description
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Background
Background: The success of immunotherapeutic checkpoint blockade
in cancer has led to great interest in finding novel targets that play a
pivotal role in immune responses. One such molecule is T cell immu-
noreceptor with Ig and ITIM domains (TIGIT), which has been shown
to be inhibitory and expressed by nonresponsive and suppressive T
cells in the tumor microenvironment.
Methods
Methods: In the present study, we investigate the role of TIGIT on im-
mune suppression of T cell responses in bone marrow microenviron-
ment of patients with AML. Bone marrow aspirates were subjected
to T cell proliferation assays using stimulation though TCR with or
without accompanying TIGIT blockade. Samples were also subjected
to high parameter mass-spec based flow cytometry and both muta-
tional and transcriptional profiling by deep sequencing and clinical
parameters (age, sex, blast count, ELN risk stratification) were
recorded.
Results
Results: Of 57 total samples tested, 24 (42.1%) showed a profound
defect in T cell proliferation in response to anti-CD3 stimulation (<5%
of T cells responding to stimulation). Of these 24 that showed the
most functional impairment, 12 (50%) had at least a 2-fold and 6
(25%) at least a 5-fold increase in the frequency of dividing T cells
with the addition of an anti-TIGIT blocking antibody.
Conclusions
Conclusions: These results indicate that in many samples, TIGIT block-
ade can partially overcome functional suppression of T cells in AML
bone marrow, and suggest that TIGIT is involved in mediating im-
mune defects in AML. A better understanding of the role of TIGIT in
the AML microenvironment will provide insight in determining
whether TIGIT blockade could represent an effective therapy in AML.
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Background
Immune checkpoint inhibitor antibodies that can (re-)activate anti-
tumor immunity show great promise for the treatment of cancer.
Similarly, therapeutic agents that boost anti-tumor immunity by dir-
ect activation of immunostimulatory molecules may provide clinical
benefit. In this context, targeting tumor necrosis factor (TNF) receptor
superfamily members, which deliver essential co-stimulatory activity
for immune responses, gained attention. We hypothesized that sim-
ultaneous engagement of the T-cell co-stimulatory molecule 4-1BB
and CD40 on antigen-presenting cells (APCs) using a bispecific anti-
body could be an elegant and potent mechanism to induce condi-
tional activation of both CD40-positive immune cells and 4-1BB
positive T cells.
Methods
DuoBody-CD40x4-1BB (GEN1042) is an IgG1 Fc-silenced bispecific
antibody that was obtained by controlled Fab- arm exchange of hu-
manized parental CD40- and 4-1BB-specific monoclonal antibodies.
The binding characteristics and functional activity of DuoBody-
CD40x4-1BB were analyzed in vitro using flow cytometry, cell-based
reporter assay systems and primary human lymphocyte assays. To
evaluate the capacity of DuoBody-CD40x4-1BB to induce proliferation
of tumor-infiltrating lymphocytes (TILs) in the tumor microenviron-
ment, ex vivo TIL expansion assays were conducted using freshly iso-
lated human tumor specimen.
Results
DuoBody-CD40x4-1BB induced activation of both CD40 and 4-1BB
intracellular signaling, which was dependent on simultaneous bind-
ing to CD40- and 4-1BB positive cells as measured by reporter assays.
The monospecific control antibodies did not show agonist activity.
This demonstrates that the bispecific antibody confers conditional
activity upon receptor cross-linking. Using human primary T cells and
monocyte-derived dendritic cells, both obtained from human healthy
donor PBMCs, antigen-specific T-cell assays were conducted in vitro.
DuoBody- CD40x4-1BB enhanced T-cell proliferation as well as con-
comitant pro-inflammatory cytokine secretion. Enhanced T-cell prolif-
eration was again dependent on binding of DuoBody-CD40x4-1BB to
both CD40 and 4-1BB. Importantly, DuoBody-CD40x4-1BB did not en-
hance proliferation of T cells that were not pre-activated by TCR
stimulation. Furthermore, in ex vivo cultures of fresh human tumor
tissue resections DuoBody-CD40x4-1BB increased the expansion of
TILs up to 10-fold over control antibody treatment.
Conclusions
In summary, DuoBody-CD40x4-1BB is a bispecific antibody that cross-
links CD40 and 4-1BB positive cells, thereby inducing conditional
stimulation and subsequently co-stimulatory activity. In the context
of cancer, DuoBody-CD40x4-1BB can enhance anti-tumor immunity
by (re-)activating tumor-specific T cells, either intratumorally or in the
tumor-draining lymph nodes. The unique mechanism of action, its
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conditional agonist activity, distinguishes DuoBody-CD40x4-1BB from
agonistic antibodies targeting CD40 or 4-1BB. Therefore, DuoBody-
CD40x-4-1BB represents a novel therapeutic agent with potential for
treatment of solid tumors.
Ethics Approval
The use of tumor tissue resections was approved by BioNTech AG’s
Ethics Board, approval number 837.309.12 (8410-F).
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Background
Agonist CD40 mAbs can mediate antitumor immunity through mul-
tiple mechanisms, including enhancing tumor antigen presentation,
activation of tumoricidal macrophages, and direct growth inhibition/
killing of CD40- expressing tumor cells. To fully exploit these mecha-
nisms may require the mAb to be dosed at levels that provide signifi-
cant tumor and tissue penetration, without dose-limiting-toxicities
(DLT) from systemic CD40 activation. Our agonist CD40 mAb, CDX-
1140, was selected based on its unique and linear dose-dependent
in vitro and in vivo activity and is postulated will achieve maximum
agonist activity at dose levels associated with good systemic expos-
ure. CDX-1140 is a fully human IgG2 agonist anti-CD40 mAb that acti-
vates dendritic cells (DCs) and B cells in an Fc receptor independent
manner and has potent antitumor activity against CD40-expressing
cancer cells. In addition, CDX-1140 does not block the natural CD40-
CD40L interaction; combination of CDX-1140 with added soluble
CD40L is synergistic in the activation of immune cells suggesting a
potential to enhance in vivo CD40L dependent immune responses.
In toxicology studies, CDX-1140 demonstrated potent CD40-
mediated pharmacological effects without significant toxicities.
Methods
A phase 1 dose-escalation study of CDX-1140 (CDX1140-01;
NCT03329950) is underway in patients with advanced tumors who
have exhausted standard-of-care treatment options. The primary
endpoint is determining the safety profile and maximum tolerated
dose. Secondary endpoints include pharmacokinetics, immunogen-
icity, clinical and biological outcome assessments. Baseline and on-
study biopsies will be used to explore the pharmacodynamic effects
of CDX-1140 in the tumor microenvironment (TME). The dose escal-
ation (DE) portion evaluates CDX-1140, given every 4 weeks, at doses
from 0.01 to 3 mg/kg; the first 2 cohorts are single-patient cohorts
and all subsequent DE cohorts are conducted utilizing a 3+3 design.
Tumor-specific expansion cohorts will further explore the activity of
CDX-1140. This study will also evaluate CDX-1140 in combination
with CDX-301 (rhFLT3L), a DC growth factor that markedly increases
DC numbers, including the CD141+ subset which are critical to an
antitumor immune response and are often scarce within the TME.
Results
To date, CDX-1140 cohorts at 0.01 (n=2), 0.03 (n=1), and 0.09 (n=3)
mg/kg have been completed without any drug-related serious adverse
events, infusion reactions, or DLTs reported. The only drug related tox-
icity has been grade 1 fatigue (n=2) . Expected pharmacodynamic ef-
fects, including transient, dose-dependent decreases in lymphocyte
counts and dose-dependent increases in serum IL-12p40 and TNF-
Alpha, have been observed.
Conclusions
The early data suggest that CDX-1140 has the expected immune acti-
vating and safety profile.
Ethics Approval
The study was approved by University of Pennsylvania, approval
number 828733; Mount Sinai School of Medicine, approval number
IRB-18-00213; Providence Health and Services, approval number
201700532 and Western Institutional Review Board, approval number
115925
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Background
Multiple studies have demonstrated that tumors establish an im-
munosuppressive microenvironment (TME) to escape immune sur-
veillance and promote tumor development. Tumor-infiltrating
lymphocytes (TILs) become suppressed in the TME so their prolifera-
tive capacity and effector functions are impaired. Members of the
TNF Receptor (TNFR) family and their ligands modulate the prolifera-
tion, differentiation, and activation of immune effector cells.
Glucocorticoid-induced TNFR-related (GITR) is a receptor belonging
to the TNFR family with costimulatory activity. In preclinical studies,
GITR agonists increase effector T cell proliferation and function, and
decrease the tumor infiltration, stability, and/or survival of Tregs,
resulting in a more pro-inflammatory TME. In multiple syngeneic
mouse tumor models, treatment with GITR agonists demonstrates
compelling anti-tumor activity. Based on these promising preclinical
data, a number of GITR agonist agents are being tested in the clinic.
Methods
Functional and structural studies have demonstrated that optimal ac-
tivation of human GITR requires an adequate clustering of the recep-
tor with trimeric GITR ligand (GITRL). Traditional bivalent agonistic
antibodies are not as efficacious as trimeric GITRL and are expected
to require FcR mediated cross-linking for full activity, which intro-
duces potentially undesired FcR activation, cytokine release, and/or
elimination of key effector cells expressing GITR. Potenza Therapeu-
tics has identified PTZ-522 (also known as ASP1951), a novel, tetrava-
lent monospecific (TM) anti-GITR agonist antibody designed to
overcome these potential liabilities.
Results
PTZ-522 is a hinge-stabilized IgG4 antibody which binds with high af-
finity to human and cynomolgus monkey GITR. PTZ-522 has agonistic
activity in engineered cell assays and primary T cells from peripheral
blood of healthy donors. The TM-formatted antibody PTZ-522 is
more active in cell assays than the same antibody in a bivalent for-
mat (522-IgG4) and has similar or greater activity than trimeric GITRL.
Moreover, this activity was observed in the absence of any FcR cross
linking. Analysis of GITR expression on T cells using human tumor
samples as well as PBMCs demonstrates that GITR is more highly
expressed on TILs, highlighting the different immune phenotype of
cells found in the tumor microenvironment. The TM-formatted anti-
body PTZ-522 increases proliferation and inflammatory cytokine pro-
duction by GITR expressing TILs. Increased activity in the TIL assay is
also observed with the combination of PTZ-522 with a PD-1 inhibitor.
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Mechanistically, PTZ-522 binding to T cells results in rapid GITR acti-
vation and internalization not observed with bivalent antibodies.
Conclusions
These data support the continued development of PTZ-522 as a
novel GITR agonist for the treatment of cancer.
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Background
Tumor necrosis factor receptor (TNFR) superfamily T cell immunosti-
mulatory receptors OX40 and GITR require trimerization to induce
agonistic signaling. Anti-OX40 and anti-GITR therapeutic IgG anti-
bodies have demonstrated limited anti-tumor activity in the
clinic, perhaps due to inefficient multimerization through FcγR
engagement in the tumor microenvironment. We generated and
evaluated the functional properties of agonistic anti-OX40 and
anti- GITR IgM antibodies and have compared their activities to
corresponding IgGs.
Methods
Agonistic anti-OX40 and anti-GITR IgG1 and IgM antibodies were
generated using variable regions inserted into the same light chains
and either the IgG or IgM heavy chain framework. Antibody binding
was evaluated using antigen ELISAs or by flow cytometry with hu-
man T cells. Activated human T cells were used to evaluate antibody
induced proliferation and cytokine release. Effects of these antibodies
on regulatory T cell (Treg) suppression of T effector proliferation and
cytokine release were measured.
Results
Agonistic anti-OX40 and anti-GITR IgM antibodies demonstrated
superior binding potencies to recombinant antigens (>10 fold in
molar comparisons) compared to IgG antibodies, which were
amplified at low antigen density. Improved binding was due to
the enhanced avidity of the multivalent IgMs compared to bi-
valent IgGs. As OX40 and GITR require trimerization with ligand
or antibodies for function, the agonistic properties of the IgMs
and IgGs were compared. In NF-kB-luciferase reporter assays
driven by either GITR or OX40, a significant increase in potency
was observed with the IgM in both EC50 and max activity com-
pared to IgG in presence or absence of cross-linking agents. In
primary human T cell activation assays, IgMs significantly en-
hanced T cell proliferation and cytokine secretion compared to
IgGs. OX40 and GITR are also expressed on immunosuppressive
Tregs. In co- culture of Tregs with T effector cells, IgM antibodies
significantly reversed the suppressive activity of Tregs on T cell
proliferation and inflammatory cytokine secretion, whereas IgGs
had little to no effect.
Conclusions
We have discovered IgM antibodies significantly bind to and signal
more efficiently through OX40 and GITR than corresponding IgGs,
even in presence of cross linking agents. Efficient multimerization
and agonism of OX40 and GITR with IgM antibodies may therefore
enhance the anti-tumor immunostimulatory effects of immunothera-
peutic antibodies targeting these T cell agonists.
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Background
ALPN-202 is a variant CD80 vIgD™-Fc fusion protein blocking the PD-
L1 and CTLA-4 checkpoints while providing PD-L1-dependent T cell
activation via CD28. This strategy delivers potent T cell costimulation,
which is currently missing from checkpoint inhibitor only regimens,
and may be critical for the generation of clinical anti- tumor re-
sponses, seeking to broadly improve cancer outcomes. ALPN-202 has
previously demonstrated preclinical anti-tumor activity superior to
PD-L1 inhibition, but the specific mechanism(s) of superiority remain
unreported.
Methods
In a hPD-L1-transduced MC38 tumor model treated with ALPN-202
or durvalumab, an approved PD-L1 inhibitor, anti-tumor responses
were evaluated by serial tumor volume measurements, and intratu-
moral immune responses were assessed by RNA-Seq, flow cytometry,
and immunoSEQ TCR repertoire analysis (Adaptive Biotechnologies).
Results
Multiple doses of ALPN-202 elicited anti-tumor responses superior to
durvalumab as judged by tumor volume measurements. Efficacy was
importantly also observed with single ALPN-202 doses administered
intraperitoneally or intratumorally. RNA-Seq and flow cytometric ana-
lyses of tumors revealed higher T cell, NK cell, macrophage, and den-
dritic cell markers after ALPN-202 treatment vs. durvalumab, along
with higher T cell effector transcripts, including IL-2, IFN-gamma,
granzyme B, and T-bet. TCR repertoire analysis demonstrated in-
creased clonality and richness in response to ALPN-202, two charac-
teristics previously not reported in response to PD-(L)1 or CTLA-4
inhibition alone.
Conclusions
ALPN-202 elicits intratumoral immune responses superior to PD-L1
inhibition alone, including T cell infiltration and T cell effector mole-
cules. This suggests it may translate into clinical anti-tumor responses
in cancers currently resistant to checkpoint inhibition alone and/or
may improve outcomes in cancers when administered in combin-
ation with existing therapies. Ongoing studies seek to further define
such potential and specific clinical indications and modalities to
guide upcoming clinical trials.
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Background
CD137 (4-1BB) is a member of the TNFR superfamily that pro-
vides costimulatory signals to activated cytotoxic lymphocytes.
Agonistic antibodies against CD137 have shown promising thera-
peutic activity in mouse tumor models. However, hepatic toxicity
has been observed in animals and humans with a few anti-
CD137 antibodies [1,2]. Recent advances in our understanding of
TNFR agonist antibodies implicate epitope, affinity, and IgG sub-
class as important contributors to function [3,4]. Here we describe
the preclinical characterization of CTX-471, a fully human IgG4
agonist of CD137 with a differentiated pharmacology and toxicol-
ogy profile.
Methods
CTX-471 was identified based on epitope binning and antigen-
binding assays. The in vitro bioactivity of CTX-471 was measured in a
human IFN-γ release assay. The in vivo efficacy of CTX-471 was
assessed in multiple syngeneic mouse tumor models that included
various mechanistic endpoints: FACS analysis of TILs, effector cell de-
pletion, tumor histology, and Fc receptor profiling. The efficacy of
CTX-471 was further evaluated in mice bearing very large (~500
mm3) CT26 tumors. Finally, the toxicity profile of CTX-471 was evalu-
ated in mice and cynomolgus monkeys.
Results
CTX-471 binds to a unique epitope shared by human, cynomolgus
monkey, and mouse CD137. In vitro, CTX-471 increased IFN-γ pro-
duction by human T cells in an FcγR-dependent manner, display-
ing an intermediate level of activity between two clinical-stage
anti-CD137 antibodies. In Vivo, CTX-471 exhibited curative mono-
therapy activity in CT26, A20, and EMT-6 models. When compared
to known anti-CD137, OX-40, PD-1, PD-L1, and CTLA-4 antibodies,
only an affinity-optimized version of CTX-471 showed the ability
to eradicate very large tumors. All mice cured by CTX-471
rejected tumors upon rechallenge. CTX-471 profoundly repro-
gramed the TME, leading to an influx of inflammatory cells, de-
creased T cell exhaustion, Treg depletion, and TAM modulation,
while having very little effect on the peripheral immune system.
Tumor models with abundant expression of FcγR’s responded
more strongly to CTX-471 treatment, and Fc silencing mutations
attenuated efficacy. In mice and monkeys, extremely high doses
of CTX-471 (up to 100 mg/kg weekly for 4 weeks) were well-
tolerated, with no signs of hepatic toxicity.
Conclusions
CTX-471 displays a favorable and well-differentiated efficacy-safety
profile that is attributed to a unique epitope, optimized affinity, and
FcγR-dependent activity. To our knowledge, CTX-471’s level of mono-
therapy efficacy against very large tumors is unprecedented for an IO
antibody. IND-enabling toxicology studies are underway, and a Phase
1 trial is planned for the first-half of 2019.
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Background
In animal models, agonistic antibodies targeting the T cell costimula-
tory receptor 4-1BB (CD137) have shown promise as anti-tumor
agents, but clinical studies have shown only limited signs of efficacy
as well as dose-limiting hepatotoxicity with one of the candidates. To
avoid systemic toxicities and to direct immune activation to the
tumor, we have generated the tumor-targeted 4-1BB agonist
MP0310. MP0310 is a multi-domain DARPin® molecule comprising
domains binding to 4-1BB, fibroblast activation protein (FAP), and hu-
man serum albumin, the latter for half-life extension. FAP binding tar-
gets MP0310 activity to tumors as FAP is highly expressed in many
solid tumors and crucially, activation of 4-1BB by MP0310 is
dependent on FAP-mediated clustering of 4-1BB. Previously we have
shown, in vitro and in vivo, that MP0310 is at least as potent as the
agonistic 4-1BB antibodies and, in contrast to the antibodies, does
not induce hepatotoxicity or exacerbate graft versus host disease in
humanized mouse models. Also, no systemic T cell activation has
been observed in cynomolgus monkeys. The present study, in sup-
port of the clinical development of MP0310, is to establish the
pharmacologically active dose range of MP0310 in a mouse model
based on parameters such as receptor occupancy, CD8+ T cell expan-
sion and anti-tumor activity.
Methods
NSG mice were implanted subcutaneously with HT-29 tumor cells
and subsequently were injected with human PBMCs. Mice were then
treated with a suboptimal dose of a tumor associated antigen bind-
ing T cell engager and with a variant of MP0310 containing a mouse
FAP binding domain (mMP0310) at doses from 0.0128 to 40mg/kg.
Tumor volume and potential biomarkers of T cell activation were
measured.
Results
mMP0310 strongly increased intra-tumoral CD8 T cell expansion in a
dose-dependent manner compared to monotherapy with the T cell
engager. Maximal increases in intra-tumoral CD8 T cell numbers and
the ratio of CD8 versus CD4 cells correlated with 100% receptor oc-
cupancy (RO) reached at a dose of 1.6mg/kg. Only marginal activity
on T cells was seen at a dose of 0.0128mg/kg correlating with a 4-
1BB RO level below 10%. In addition, mMP0310 enhanced tumor re-
gression induced by the T cell engager in a manner suggesting dose-
dependency starting at 0.32mg/kg
Conclusions
The novel FAP-targeted 4-1BB agonist mMP0310 has been shown to
enhance T cell activation and antitumor activity without producing
toxicity. Dose dependency of pharmacodynamic activities related to
4-1BB RO has been demonstrated and biomarkers for clinical devel-
opment have been identified
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Background
MEDI1873 is a novel GITR-ligand/IgG1 agonist fusion protein that
binds to the co-stimulatory molecule GITR, which is upregulated on
activated T cells. This Phase 1 study (NCT02583165) evaluated safety,
pharmacokinetics, pharmacodynamics, and preliminary antitumor ac-
tivity in patients with advanced solid tumors.
Methods
MEDI1873 was administered IV Q2W in sequential dose escalation
(DE) cohorts: 2 single patient cohorts (1.5 and 3 mg), followed by six
3+3 DE cohorts (7.5, 25, 75, 250, 500 and 750 mg). Antitumor re-
sponse was assessed using RECIST v 1.1. Pharmacodynamic cohorts
of patients with non-small cell lung cancer, head and neck squamous
cell carcinoma (HNSCC) or colorectal cancer receiving 75 or 250 mg
were evaluated for intratumoral CD8, FOXP3, GITR and tumoral PD-L1
expression by immunohistochemistry using matched biopsies from
pretreatment and day 29. Peripheral blood from all patients was
monitored for type-2 IFN cytokine levels, gene expression, and
lymphocyte phenotype by flow cytometry up to day 43.
Results
As of 1 March 2018, 40 patients have been dosed in the DE (28) and
pharmacodynamic (12) cohorts. MEDI1873 elimination half-life was
~2.0 days. MEDI1873 pharmacokinetics was dose-proportional over a
range of 1.5 to 500 mg. Antidrug antibodies were rare and had min-
imal impact on pharmacokinetics. MEDI1873 engaged GITR as evi-
denced by >50% reductions in peripheral GITR-expressing memory
CD4+ T cells using a competitive target engagement assay. The dur-
ation of GITR+ T-cell suppression correlated with MEDI1873 dose. At
doses ≥75 mg, peripheral IFNγ, IP-10, I-TAC and MIG were elevated
on days 2 and 3. This was followed by increased Ki67+CD4+ T cells
on day 15. Additionally, patients with high baseline GITR levels (≥
median) had a sustained elevation of Ki67+CD4+ T cells to Day 43.
Of 8 patients with evaluable paired tumor biopsies, one patient with
HPV+ HNSCC and the highest baseline GITR on CD4+ T cells showed
a 2x increase in intratumoral CD8+ and tumoral PD-L1+ cells. Intratu-
morally, MEDI1873 induced a ≥25% reduction in GITR+/FOXP3+ T
cells in 5 of 5 evaluable patients. Patients with prolonged stable dis-
ease (≥40 weeks) had an average 2x elevation in Ki67+CD4+ periph-
eral T cells compared to all other patients.
Conclusions
MEDI1873 engages GITR on circulating blood cells resulting in in-
creased peripheral IFNγ production and CD4+memory T-cell prolifer-
ation coupled with a decrease in intratumoral GITR+/FOXP3+ cells.
These pharmacodynamic effects are consistent with the compound’s
mechanism of action and may be enhanced in patients with high
baseline GITR expression.
Trial Registration
ClinicalTrials.gov [NCT02583165]
Ethics Approval
Multicenter study conducted at 11 sites:(1) Pinnacle Oncology
Hematology, 9055 E Del Camino Dr., Scottsdale, AZ 85358, USA [PI:
Michael Gordon; IRB Registration No. IRB00002349](2) Mayo Clinic,
AZ, 5777 E. Mayo Boulevard, Phoenix, AZ 85054, USA [PI: Helen Ross;
IRB Registration No. IRB00000020](3) The Angeles Clinic and Research
Institute, 11818 Wilshire Boulevard, Los Angeles, CA 90025, USA [PI:
Ani Balmanoukian; IRB Registration No. IRB00002349](4) Mayo Clinic,
MN, 200 First Street SW, Rochester, MN 55905, USA [PI: Asish Chinta-
kuntlawar; IRB Registration No. IRB00000020](5) H Lee Moffitt Cancer
Center and Research Institute, 12902 Magnolia Drive, Tampa, FL
33612, USA [PI: Scott Antonia; IRB Registration No. IRB00000790](6)
Sarah Cannon Research Institute, 250 25th Avenue North, Nashville,
TN 37203, USA [PI: Howard Burris; IRB Registration No.
IRB00001035](7) Columbia University Medical Center, 161 Fort Wash-
ington Avenue, Herbert Irving Pavilion Mezzanine, New York, NY
10032, USA [PI: Richard Carvajal; IRB Registration No. IRB00006882](8)
Greenville Health System, 120 Dillon Drive, Spartanburg, SC 29307,
USA [PI: Ki Chung; IRB Registration No. IRB00002227](9) Fox Chase
Cancer Center, 333 Cottman Avenue, Philadelphia, PA 19111, USA [PI:
Crystal Denlinger; IRB Registration No. IRB00002349](10) Oklahoma
University, 1000 Stanton L Young Blvd, Oklahoma City, OK 73117,
USA [PI: Raid Aljumaily; IRB Registration No. IRB00001035](11) MD An-
derson, 1515 Holcombe Blvd, Houston, TX 77030, USA [PI: Aung
Naing; IRB Registration No. IRB00002203]
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Background
STING is an endogenous sensor of cGAMP, which is synthesized by
cGAS following detection of cytoplasmic DNA. STING activation leads
to interferon production and activation of inflammatory pathways
that facilitate cytolytic T cell priming. STING agonists administered
intratumorally show potent anti-tumor efficacy in a range of preclin-
ical models; several agonists are in clinical development. Radiation
therapy also increases cytoplasmic DNA levels in cancer cells, result-
ing in STING activation and secretion of inflammatory cytokines.
Ectonucleotide pyrophosphatase/phosphodiesterase 1 (ENPP1) is the
phosphodiesterase that negatively regulates STING by hydrolyzing
cGAMP. MV-626, a highly potent and selective ENPP1 inhibitor with
100% oral bioavailability in rats and mice, blocks cGAMP hydrolysis
and increases STING activation in cells where cGAS is active. We
hypothesize that by conditionally enhancing STING activation, ENPP1
inhibitors will facilitate development of anti-tumor cellular immune
responses, particularly following radiation therapy.
Methods
The effects of ENPP1 inhibition on STING activation using cGAMP or
DNA treatment of cells were assessed. Panc02-SIY tumors were im-
planted in C57BL/6 mice and randomized to receive 20Gy CT-guided
radiation therapy, 5 daily ip doses of MV-626, or both MV-626 and ra-
diation. Mice were followed for outcome, tumor antigen specific T
cell responses and changes in the tumor immune environment. Add-
itional studies were conducted in mice bearing MC38 tumors.
Results
In vitro, MV-626 blocks ENPP1-mediated hydrolysis of cGAMP and en-
hances STING activation by DNA-mediated cGAS activation or ex-
ogenous cGAMP. Therapeutic doses of MV-626 were well tolerated in
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mice, with no evidence of toxicity or clinically-significant increases in
systemic cytokine levels. Systemic administration of MV- 626 mono-
therapy caused tumor growth delay. MV-626 combined with radi-
ation therapy significantly increased overall survival, and most
animals achieved durable tumor cures. Additional studies in the
MC38 model confirmed MV-626 activity. Studies characterizing ef-
fects of MV-626 in the tumor microenvironment are underway.
Conclusions
These data demonstrate that a potent, selective ENPP1 inhibitor aug-
ments STING activation and enhances immune responses to tumors.
We demonstrate for the first time that, in combination with radiation
therapy, ENPP1 inhibition improves outcomes and cures tumors in
preclinical models through changes in the tumor immune environ-
ment. These translational studies represent a novel approach to en-
hancing tumor directed immune response following radiation, and
provide a foundation for clinical development of an ENPP1 inhibitor
as a cancer immunotherapy.
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Background
IL15 and IL2 are similar cytokines that bind to the IL2Rβ/γc receptor
complex and induce the proliferation of lymphocytes. Their thera-
peutic potential has been well established in animal models and hu-
man trials. As potential drugs, both IL2 and IL15 are extremely
potent and suffer from low tolerability and very fast clearance that
limits therapeutic window. To engineer a more druggable version of
IL15, we created various IL15/IL15Rα heterodimeric Fc-fusions (IL15/
IL15Rα-Het-Fc) with reduced potency to improve tolerability, slow
receptor-mediated clearance, and prolong half-life.
Methods
We engineered IL15/IL15Rα-Het-Fc by fusing IL15 to one side of a
heterodimeric Fc, and the sushi domain of IL15Rα to the other. Fc-
fusions were tuned for optimal activity by engineering amino acid
substitutions in IL15 - at the IL2Rβ or γc interface - that reduced
in vitro potency. In vitro proliferation of lymphocytes in normal hu-
man PBMCs was monitored by counting Ki67+ cells after incubation
with Fc-fusions for 4 days and by measuring signaling in a STAT5
phosphorylation assay. In vivo activity was evaluated using a
huPBMC-NSG mouse model by measuring the extent of human
leukocyte engraftment by flow cytometry and IFNγ. Tolerability, im-
mune stimulation, and pharmacokinetics were evaluated in non-
human primates (NHP). A computational PK/PD model was devel-
oped and trained on available data to quantify relationships between
affinity, dose, and biological activity.
Results
IL15/IL15Rα-Het-Fc were produced with good yield and purity. The
Fc-fusions enhanced proliferation of CD8+ T and NK cells in vitro.
Variants with substitutions at the IL2Rβ and/or γc interface reduced
potency up to ~700-fold compared to wild-type IL15/IL15Rα-Het-Fc.
Treatment of huPBMC-NSG mice with IL15/IL15Rα-Het-Fc promoted
enhanced T cell engraftment and elevated IFNγ. NHP studies indi-
cated half-lives of several days for potency-reduced IL15/IL15Rα-Het-
Fc, which are significantly longer than the <1 hr half-life of IL15. In
both in vivo settings, a marked inverse correlation of pharmaco-
dynamics and clearance was observed, with reduced potency vari-
ants allowing higher, more tolerated doses and enhanced
lymphocyte proliferation due to more sustained exposure. Our
mechanism-based PK/PD model was used to predict optimal drug af-
finities, balancing potency vs. target-mediated clearance, and will be
used to facilitate prediction of human PK/PD and regimen design. A
lead candidate XmAb24306 was selected based on combined experi-
mental observations and modeling predictions, and has been se-
lected for clinical development.
Conclusions
Multiple IL15/IL15Rα heterodimeric Fc-fusions were engineered for
reduced potency and evaluated in vitro and in vivo. We identified a
variant, named XmAb24306, that optimally balanced potency and
exposure.
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Background
Our laboratory has previously shown that immunogenic tumors
spontaneously activate the innate immune system through the
STING pathway. The STING pathway senses cytosolic DNA, which acti-
vates a signal transduction pathway culminating in phosphorylated
IRF3 that translocates to the nucleus where it acts as a transcription
factor to induce several genes including IFN-β. STING signaling and
IFN-β receptor signaling in tumor-infiltrating immune cells, in turn,
are required for optimal priming of CD8+ T cells against tumor anti-
gens. Based on this notion, STING agonists have been pursued as a
pharmacologic approach to activate the pathway. However, whether
tumor cells themselves also can experience STING pathway activation
through to IFN-β production has been unclear.
Methods
We stimulated various cell populations present in the tumor micro-
environment as well as multiple tumor cell lines with STING agonists
to test their ability produce IFN-β, and analyzed each step in STING
pathway signaling. Further biochemical techniques including Western
blotting and intracellular immunofluorescence were used to carefully
analyze each step of the STING pathway in tumor cells or controls.
Results
We observed that tumor cells themselves usually fail to produce IFN-
β in response to STING agonists or cytoplasmic DNA, arguing that
loss of activation of this pathway might occur regularly as a compo-
nent of oncogenesis. Surprisingly, we found that most tumor cells re-
tain expression of each gene in the STING pathway, and that STING
signal transduction was intact up to and including nuclear transloca-
tion of IRF3 in most instances. However, ChIP assays demonstrated
that IRF3 was unable to bind the IFN-β promoter but could still bind
the promoters of other genes. B16 melanoma cells, in particular,
demonstrated a concurrent deficiency in NF-κB signaling down-
stream of STING pathway activation.
Conclusions
These results suggest that defective IRF3 DNA binding to the IFN-β
locus may be a frequent alteration in cancer. Uncovering the detailed
molecular mechanism of this effect could lead to new therapeutic in-
terventions to restore the STING pathway in cancer cells.
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Background
FAP-IL2v (RG7461) is a novel FAP-targeted immunocytokine based on a
novel IL-2 variant (IL2v) with abolished binding to CD25 (IL2Ra) to over-
come preferential expansion of Tregs, activation induced cell death and
to reduce IL-2 toxicities due to CD25 binding. Binding of FAP-IL2v to
the intermediate affinity IL-2Rbg heterodimer is retained resulting in in-
duction of activation and expansion of immune cells, particularly NK
cells and cytotoxic CD8 T-cells. These properties make FAP-IL2v a prom-
ising partner for combination with checkpoint inhibitors, ADCC- compe-
tent/enhanced therapeutic and T-cell bispecific antibodies (TCBs).
Methods
muFAP-IL2v, a murinized surrogate of FAP-IL2v, was tested in combin-
ation with muPD-L1 and muCD40 specific surrogate antibodies and the
T-cell bispecific muCEA-TCB surrogate in syngeneic orthotopic pancre-
atic Panc02 or Panc02-CEA models, in C57BL/6 or human CEA trans-
genic C57BL/6 mice, respectively. The combination of muFAP-IL2v with
a anti-ratHER2 muIgG2a antibody was evaluated in the fully immuno-
competent BALB-neuT genetically engineered mouse model for breast
cancer, whereas the combination of FAP-IL2v with the glycoengineered
Type II anti-CD20 antibody obinutuzumab was evaluated in the WSU-
DLCL2 xenograft model in hCD16 transgenic Scid mice.
Results
In the pancreatic orthotopic Panc02 model in C57BL/6 mice, FAP-IL2v
can boost the activation of pre-existing antigen specific T-cells in com-
bination with anti-PD-L1 checkpoint inhibition. In the same model FAP-
IL2v further enhances the efficacy of PD-L1 checkpoint inhibition when
combined with an agonistic CD40 antibody resulting in long term sur-
vival in the majority of animals, and in the induction of immunological
memory as evidenced by protection from tumor cell re-challenge. Fur-
thermore, FAP-IL2v is able to enhance the activity of 1) an ADCC- com-
petent HER2 antibody in the BALB-neuT genetically engineered mouse
model and 2) the ADCC-enhanced CD20 antibody obinutuzumab in
the aggressive non-Hodgkin’s lymphoma model WSU-DLCL2 in human
CD16 transgenic SCID mice. Finally, the activity of the T-cell bispecific
antibody CEA-TCB was enhanced by combination with FAP-IL2v in the
syngeneic pancreatic orthotopic Panc02 model stably expressing CEA
in human CEA transgenic C57BL/6 mice.
Conclusions
The presented efficacy studies support the role of the FAP-targeted
immunocytokine FAP-IL2v as a versatile combination partner for cancer
immunotherapy and serve to inform the selection of combination part-
ners for clinical studies. Particularly, they demonstrate FAP-IL2v's poten-
tial in combination with the PD-L1 checkpoint inhibitor atezolizumab,
ADCC-competent antibodies e.g. trastuzumab, cetuximab or obinutuzu-
mab, and T-cell bispecific antibodies such as CEA-TCB. Based on these
data FAP-IL2v is currently being tested in Phase 1b clinical trials in com-
bination with atezolizumab, trastuzumab and cetuximab.
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Background
Therapeutic antibodies targeting immune checkpoint inhibitors such
as PD-1/PD-L1 effectively expand and reactivate T cells in patients,
leading to durable objective response rates in select cancers. How-
ever, a substantial number of patients fail to respond or become re-
sistant to these therapies. Thus, combination therapies which include
these agents as well as therapies targeting alternative effector cell
types are needed. IL-15 promotes survival and cytotoxicity of both
CD8 T and NK cells in the absence of the concomitant expansion of
Treg population, making it a strong candidate for immunotherapy.
Direct administration of IL-15 proved to be clinically challenging; dur-
ability of responses likely hindered by the short half-life and toxicity.
To capitalize on the anti-tumor potential of IL-15, we generated a
therapeutic fusion protein (KD033), combining a proprietary high af-
finity human-PD-L1 antibody (or mouse-PD-L1 surrogate antibody
(KD033-surrogate)) with human IL-15. Initial assessment of this fusion
antibody showed enhanced tolerability relative to a non-targeted IL-
15 fusion antibody and potent anti-tumor activity.
Methods
Mouse syngeneic tumors were grown to 100 mm3 prior to a single
IV administration of KD033-surrogate. Immune cell activation in cyno-
molgus monkeys was assessed following IV administration of KD033
(Day 1 and 15). Where applicable, tumor volumes were measured
and immune cell infiltration and modulation was evaluated by immu-
nohistochemistry, flow cytometry and Luminex.
Results
To assess broad anti-tumor potential of our molecule, single dose of
KD033-surrogate was tested against a panel of 12 murine syngeneic
tumors. Pronounced tumor growth inhibition was observed in mul-
tiple tumor types. In CT-26, colorectal tumor model, KD033-surrogate
treatment achieved complete tumor regression in multiple animals,
and consistent with generation of immune memory, tumors in these
animals failed to regrow following CT-26 re- challenge. Interestingly,
KD033-surrogate demonstrated synergistic response when co-
administered with anti-PD-1 antibody, suggesting that KD033 could
be effectively combined with other checkpoint modulators. Support-
ing the IL-15-dependent mechanism of action, KD033 (in monkeys)
or KD033-surrogate (in mice) increased peripheral blood CD8, NK,
NKT and/or gamma delta T (CD3+CD4-CD8-) cells. Additionally, an in-
crease in tumor CD8 cells was observed in mice treated with KD033-
surrogate compared to the non-targeted IL-15 fusion antibody.
Conclusions
KD033 treatment led to a robust activation of multiple effector cell
types associated with a potent and durable anti-tumor activity. Based
on the therapeutic activity and improved safety of the fusion protein,
Kadmon is developing KD033 with the aim of clinical testing in 2019.
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Background
Interleukin-2 (IL-2) is a cytokine immunotherapy approved by the
FDA in 1992 that shows rare, but dramatic activity in metastatic renal
cell carcinoma and melanoma. However, IL-2 therapy is hampered by
limited efficacy, severe toxicities, and a short circulating half-life that
necessitates frequent administration. These limitations may be over-
come by engineering IL-2 variants with extended half-life and de-
creased reliance on the IL-2 accessory receptor CD25 that is believed
to mediate toxicity and unwanted stimulation of Tregs.
Methods
A series of novel IL-2 ‘Superkines’ were engineered with biased potency
towards the intermediate affinity IL-2 receptor (heterodimer of CD122
and CD132) and fused to a low-effector function Fc moiety for extended
serum half-life. These Superkines were assayed for in vitro signaling po-
tency on IL-2 receptor reporter cells lines and human peripheral blood
mononuclear cells (PBMCs). Selected muteins were evaluated for their ef-
ficacy in syngeneic mouse models and for their in vivo PK and safety.
Results
A novel Fc-fused IL-2 mutein, MDNA109-Fc, was found to have a unique
biased activation profile for cells expressing the intermediate affinity re-
ceptor, through a unique mechanism of action involving >1000 times in-
creased affinity for CD122 vs. wild-type IL-2, while having similar affinity
for CD25. This change improved IL-2 receptor dimerization in human cell
lines and greatly enhanced phospho-STAT5 signaling and proliferation of
CD8 lymphocytes vs. Tregs, leading to a 43-fold increase in potency at
stimulating CD8+ T cells vs. wild-type IL-2. MDNA109-Fc also had im-
proved potency on CD4+ Foxp3- T cells and NK cells. In vivo, this potency
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bias translates to an increased splenic CD8/Treg ratio. In addition,
MDNA109-Fc demonstrated improved tumor growth inhibition over
wild-type IL-2 in the aggressive B16F10 melanoma model. MDNA109-Fc
was characterized at multiple doses and with several administration
methods, demonstrating a greatly extended serum half-life that enabled
a semiweekly to weekly subcutaneous dosing schedule in mice, paired
with a good safety profile in vivo.
Conclusions
MDNA109-Fc is an improved interleukin-2 agent with a unique
biased activation profile targeting effector versus immunosuppressive
immune cells, and improved efficacy in a melanoma model. Unlike
other next-generation IL-2 molecules in development, MDNA109-Fc
specifically targets CD122, resulting in potent activation of effector T
cells relative to Treg. MDNA109-Fc could improve the therapeutic po-
tential of an effective, but limited use IL-2 immunotherapy by im-
proving its efficacy, safety, and dosing convenience, a profile that
may synergize well with immune checkpoint therapy.
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Background
Successful development of cytokines as immunotherapeutics for the
treatment of cancer requires defining the optimal treatment regi-
men[1]. Post-infusional reactions limited dose escalation and immune
activation in the first- in-human clinical trial of recombinant human
IL-15 (rhIL-15) given as a 30-minute intravenous bolus (IVB)[2].
Ten-day treatment schedules of subcutaneous injection (SC) and con-
tinuous intravenous infusion (CIV-10) were better tolerated at 2 mcg/
kg, with the CIV-10 schedule producing noteworthy increases in CD8
lymphocytes and NK cells[3, 4]. We report the results of the 5-day
(CIV-5) rhIL-15 regimen, with a safety profile and stimulation of ef-
fector cells comparable to CIV-10, dosed up to 5 mcg/kg without
dose-limiting toxicities.
Methods
Eleven patients were treated at 3 (n=4), 4 (n=3), and 5 mcg/kg/day (n=4,
Table 1) with the CIV-5 regimen in a standard phase I dose-escalation
study of rhIL-15 for patients with refractory metastatic cancers.
Results
There were no dose-limiting toxicities, but two patients did not
complete cycle 1 for reasons unrelated to rhIL-15 (NSAID-induced
SIADH and infectious gastroenteritis). The most common adverse
events were fever, chills, fatigue, nausea, transient liver function test
abnormalities, anemia, and thrombocytopenia (Tables 2-3). The best
response was stable disease. Impressive expansion of NK cells was
seen at all dose levels (21 to 44-fold, mean 33- fold) as well as an in-
crease in CD8 cells (1.6-8.9-fold, mean 3.8-fold). The mean increase
was greatest at 4 mcg/kg: NK cells 42-fold, and CD8 cells 4.8-fold.
This effector lymphocyte expansion exceeded results seen with other
rhIL- 15 dosing regimens or other IL-15 formulations (Table 4). The
emergence of pulmonary capillary leak symptoms and slower patient
recovery from toxicities at 5 mcg/kg dose level, without a further rise
in immune cell subsets, led to our choice of 4 mcg/kg as the highest
CIV-5 dose to be tested in new combination treatment trials.
Conclusions
The shorter duration of the CIV-5 rhIL-15 regimen and its safety pro-
file may make outpatient administration via an ambulatory infusion
pump feasible. The massive expansion of NK cells and increases in
CD8 cells it produced were greater than other IL-15 regimens. NK
cells are key mediators of antibody-dependent cell cytotoxicity
(ADCC); in mice, the increase of NK cell number following CIV IL-15
was associated with increased ADCC of anti-tumor antibodies and
their efficacy[5]. Our upcoming trials of CIV-5 rhIL-15 with obinutuzu-
mab or avelumab will leverage the observed massive NK cell expan-
sion to augment the ADCC and therefore their efficacy as anti-tumor
antibodies.
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Background
Aldesleukin, a recombinant form of IL-2, is the first approved
immuno-oncology drug leading to complete, durable remissions in
metastatic melanoma and renal cell carcinoma patients. Yet, its use is
very limited because of vascular leak syndrome (VLS), a severe dose-
limiting adverse event stemming from the engagement of the high
affinity IL-2 receptor alpha chain in group 2 innate lymphoid cells,
eosinophils and vascular endothelial cells. IL-2’s high potency for acti-
vation of CD4+ regulatory T cells (Tregs) that suppress T cell-
mediated tumor killing responses further reduces its therapeutic
window.
Methods
N/A
Results
We applied our Expanded Genetic Alphabet technology platform to
the engineering of SYTX80-013-A: a site-directed, singly pegylated
form of IL-2 completely lacking IL-2 receptor (IL-2R) alpha chain en-
gagement yet retaining normal binding to the intermediate affinity
beta-gamma IL-2R signaling complex present at the surface of nat-
ural killer (NK) and CD8+ tumor-killing cells. SYTX80-013-A potently
induces pSTAT5, Ki67 and the proliferation of peripheral NK and CD8
+ effector T cells in vivo in mice. Remarkably, dosing of SYTX80-013-
A in those animals has minimal effect on molecular and clinical
markers of VLS, even at high dose levels. In the mouse CT-26 and
B16F10 syngeneic tumor models, SYTX80-013-A induces NK and CD8
+ T cell tumor infiltration with marked elevation of CD8+/Treg TIL ra-
tios. In non-human primates, SYTX80-013-A can be dosed for
maximal elevation in lymphocytes (pharmacodynamic marker) with
negligible elevation in eosinophils (toxicology marker).
Conclusions
This demonstrates that SYTX80-013-A is a re-programmed IL-2 that
changes the pharmacological profile of that cytokine from low
lymphocyte/high eosinophil to high lymphocyte/no eosinophil induc-
tion: an IL-2 with a therapeutic window. We are now advancing this
molecule into GLP toxicology studies, in preparation for FIH studies
in 2019.
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Background
IL-15 is a cytokine that activates and provides survival benefit to T
and NK cells and has potential as an immunotherapeutic agent for
the treatment of cancer. Exploiting the therapeutic value of native IL-
15 has been challenging due to, for example, its unfavorable phar-
macokinetic properties and tolerability. NKTR-255 is a polymer-
conjugated human IL-15 that retains binding affinity to the alpha
subunit of IL-15 receptor and exhibits reduced clearance to thereby
provide a sustained pharmacodynamics response. Here we investi-
gate the pharmacological properties of NKTR-255 on NK cells and
the effect of NKTR-255 in NK cell-dependent tumor models.
Methods
For in vivo NK cell characterization, mice received single IV doses of
0.03, or 0.3 mg/kg of NKTR-255. Blood and spleen samples were col-
lected to assess the NK population and function. Flow cytometry was
used to measure pSTAT5 and Ki-67 in NK cells. Purified splenic NK
cells were co-cultured with YAC-1, a mouse T lymphoma cell line, to
measure cytotoxic function. In the CT26 model, 1x105 cells were ad-
ministered intravenously on Day 0, treatment was initiated on Day 1
at 0.3, 1, or 3 mg/kg, and on Day 13 lungs were scored for metasta-
ses. In the orthotopic 4T1 model, 5x105 cells were implanted in the
mammary fat pad on Day 0, treatment was initiated on Day 5 at 0.3
mg/kg, and on Day 14, metastases were determined from culture of
single lung cell isolates.
Results
In vitro, NKTR-255 showed a dose-dependent phosphorylation of
STAT5 and enhancement of cytotoxic function in mouse NK cells.
NKTR-255 administration increased thebpSTAT5+ populations, the
Ki67+ populations and the absolute number of NK cells. In addition,
NKTR-255 provided sustained effects of NK cell activation, as deter-
mined by enhanced Granzyme B and CD16 expression and cytotoxic
function. In the disseminated CT26 model, NKTR-255 treatment re-
sulted in a significant increase of NK cells in lung and a dose-
dependent reduction in the number of lung metastases in a NK cell-
dependent manner. In the physiological 4T1 metastasis model, NKTR-
255 also showed a significant anti-metastatic effect although it did
not affect primary tumor growth.
Conclusions
NKTR-255 is a powerful immune stimulator of NK cells that provides
a dose-dependent effect in the proliferation and activation of NK
cells. This property of NKTR-255 translates into enhanced anti-
metastatic activity in mouse lung metastasis models. These results in-
dicate that NKTR-255 has the therapeutic capacity to be an anti-
tumor agent that enhances NK cell expansion and survival.
Ethics Approval
All animal care and procedures were ethically approved and per-
formed according to AAALAC accredited Nektar Therapeutics IACUC
guidelines.
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Background
NKTR-214 is an engineered agonist of the IL2 pathway, biased to the
CD122 receptor resulting in sustained signaling and increased CD8/
Treg ratios in human and murine tumors. NKTR-214 has shown prom-
ising clinical results by enhancing systemic anti-tumor responses. Ra-
diation therapy (RT) alone rarely generates an effective in situ
vaccination due, in part, to poor persistence of activated tumor-
specific lymphocytes. However, RT can increase tumor immunogen-
icity by local release of immune stimulatory cytokines, immunogenic
tumor cell death, and phenotypic changes that enhance immune
susceptibility of tumor cells surviving RT. NKTR-214 may sustain, ex-
pand, and drive the systemic anti-tumor response initiated by RT
leading to tumor clearance and tumor specific immunologic
memory.
Methods
C57BL/6 mice were inoculated with B78 melanoma cells on the right
flank. Once average tumor volumes reached 125mm3 (~4 weeks),
mice were randomized and treated with 12 Gy external beam local
RT to this tumor site (defined as treatment day 0). Cohorts of mice
were then treated with one of the following: 1) intravenous (IV) IL-2
(0.47 mg/kg), qdx5 starting on day 5; or 2) intra-tumoral (IT) IL2 (0.47
mg/kg), qdx5 starting on day 5; or 3) IV NKTR-214 (0.8 mg/kg) q9dx3
starting on day 5; or 4) buffer alone, q9dx3 starting on day 5. Tumor
growth was monitored biweekly. All mice with complete response
(CR) were rechallenged at day 90 with a second inoculation of B78
melanoma to test for immunologic memory.
Results
Both RT and NKTR-214 alone slowed tumor growth compared to the
buffer alone group; however, neither RT nor NTKR-214 alone caused
tumor regression. In contrast, the combination of RT + NTKR-214 re-
sulted in significant tumor regression (p<0.01). The rate of complete
response (CR) was significantly greater with RT + NKTR-214 com-
pared to RT + IV IL-2 (80% CR vs. 16% CR, p<0.05). RT + NKTR-214
also performed better than RT + IT IL- 2 causing significantly more
tumor regression (p<0.01) and a higher CR rate (80% CR vs. 60% CR).
The combination of RT + NKTR-214 resulted in stronger immunologic
memory than RT + IT IL-2 as more mice receiving RT + NKTR-214
rejected a second B78 inoculation (100% rejection vs. 55% rejection,
p<0.01).
Conclusions
Previously, IT IL-2 was required to activate and sustain tumor-specific
lymphocytes generated from RT of B78. Here we showed that this ef-
fect of in-situ vaccination can be realized through IV administration
of systemic NKTR- 214 coupled with standard RT.
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Background
Daily single intravenous Interleukin-2 (IL-2) infusions (pulses) have
been developed to decrease toxicity while maintaining anticancer ac-
tivity of this molecule against melanoma. Such IL-2 schedules have
previously been shown to elicit Lymphokine Activated Killer cell
(LAK) activity [1]. Hank has demonstrated in vitro that LAK generated
by IL-2 then subsequently exposed to additional IL-2 displayed en-
hanced cytotoxicity [2]. In patients receiving IL-2 therapy, a rebound
lymphocytosis occurs approximately 2-3 days later. The staccato
schedule was developed to administer an additional IL-2 pulse dur-
ing the time of rebound lymphocytosis.
Methods
In this retrospective study, twenty-two patients with metastatic mel-
anoma were treated with IL-2 18 Million IU/M2 intravenously over
15-30 minutes on days 1-3 and 21.6 Million IU/M2 intravenously over
15-30 minutes on day 5 on an outpatient basis. Cycles were repeated
every 3 weeks.
Results
Patient characteristics: 9 males/13 females, median age-55 (range:
21-74), median ECOG performance status-1 (0-1); common metastatic
sites: lymph nodes (17), lungs (15), subcutaneous (12), bone (6), liver
(4). Prior systemic therapy: Ipilimumab (8); Interferon (7); Pembrolizu-
mab or Nivolumab (7); Interleukin-2 (5); oral targeted therapy (4);
none (4). Most common toxicities were nausea/emesis, decreased ap-
petite, sinus/catarrhal symptoms, myalgia/arthralgia, peripheral swell-
ing, and rigors. No patients required hospitalization for toxicity of
therapy. One patient (5%) has had a complete response (ongoing at
12.5+ months) while ten other patients (45%) had partial responses
(total response rate =50%; 95% CI: 28-72%). Two of the patients with
partial responses have been rendered free of disease following surgi-
cal resection of their residual cancer. Responses occurred in lung,
bones, lymph nodes, pancreas, peritoneum, breast, small bowel, and
subcutaneous sites. Median response duration is 10.1 months.
Conclusions
Outpatient staccato pulse intravenous Interleukin-2 has activity in
melanoma.
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Background
Pegilodecakin is a PEGylated-recombinant hIL-10 that has single
agent and combination efficacy with chemotherapy and checkpoint
inhibitors across multiple cancers. Pegilodecakin stimulates the sur-
vival, proliferation and cytolytic ability of the CD8+ T-cells. Clinical
studies with Pegilodecakin have reported 41% ORR in combination
with anti-PD1 in 2nd line NSCLC. Pegilodecakin induced expansion of
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PD1+Lag3+CD8+ T-cells correlates with clinical response. Microtubule
inhibiting molecules are used as chemotherapeutic agents but com-
bination efficacy with immuno-oncology therapies is not well under-
stood. Here we report the enhanced immune responses and efficacy
of AM0010 when combined with Docetaxel.
Methods
Pegilodecakin is active, but immunogenic in mice. Therefore, B-cell
deficient mice were employed for in-vivo studies. 5x103 4T1 cells
were inoculated subcutaneously and allowed to reach a median tumor
volume of 100 mm3 prior to treatment. Mice received Pegilodecakin
alone at 0.5mpk/qd and/or Docetaxel alone at 40mpk/qw. Tumor size
and body weights were monitored twice weekly. Immune cells were
phenotyped by flow cytometry. Sera were analyzed for cytokines.
Results
The control cohort reached the terminal tumor size by Day 39 PI.
Compared to control, Tumor Growth Inhibition percentage (TGI) was
80.91% on Pegilodecakin, 21.39% on Docetaxel and 97.04% on the
combination cohort.Docetaxel cohort showed body-weight loss in
mice, which was alleviated on Pegilodecakin+Docetaxel. Systemic
metastases were only observed in control and Docetaxel cohorts.In
the tumors, Pegilodecakin showed an increase of 82-fold in tumor in-
filtrating T-cells (TILs), 622-fold increase in PD1+Lag3+CD8+ T-cells
and a 545-fold increase in proliferative Ki67+PD-1+Lag-3+CD8+ T-cells
compared to the control cohort.Docetaxel showed an 11- fold in-
crease of TILs but no significant changes in further subsets (CD8+/
PD1+Lag3+CD8+/Ki67+PD1+Lag3+CD8+ T-cells).Pegilodecakin+Doce-
taxel showed the largest increase in TILs (>400-fold), PD1+Lag3+CD8+

(>1300-fold) and proliferating Ki67+PD1+Lag3+CD8+ TILs (1641-fold).-
Serum IFNG was increased on Pegilodecakin+Docetaxel (6.03pg/mL),
compared to 3.39pg/mL on Pegilodecakin, 0.30pg/mL on Docetaxel
and 0.72pg/mL in untreated mouse. IFNG was undetectable in con-
trol mice at 3 weeks and not available at the terminal endpoint.
Conclusions
Pegilodecakin stimulated T-cell mediated tumor regression of 4T1
breast cancers was increased on Pegilodecakin/Docetaxel. Tumor re-
gression correlated with presence and proliferation of PD1+Lag3+CD8+

T-cells in the tumor. Tumor regression and TIL activation was most en-
hanced on Pegilodecakin+Docetaxel. The immune stimulation of the
combination therapy is further reflected in the systemic increase of
IFNG in the combination arm compared to monotherapy. These results
provide rationale to clinically test a combination Docetaxel with Pegilo-
cakin in tumors with low T-cell infiltration and resistance to available
immunotherapies.

P422
A polymer-associated human IL-15 (NKTR-255) has optimized
biological activity and unique mechanisms of action on CD8 T
Cells and NK Cells
Tanya Robinson, PhD1, Shweta Hegde, Research Assistant1, Sarai Rivas,
BS1, Takahiro Miyazaki, MS2, Kimberly S. Schluns, PhD1

1University of Texas MD Anderson Cancer Center, Houston, TX, USA;
2Nektar Therapeutics, San Francisco, CA, USA
Correspondence: Tanya Robinson (TORobinson@mdanderson.org);
Kimberly S. Schluns
Journal for ImmunoTherapy of Cancer 2018, 6(Suppl 1):P422

Background
IL-15 has anti-tumor activity but with limited efficacy due to its un-
favorable pharmacokinetic properties and tolerability. Nektar Thera-
peutics has developed a polymer-conjugated human IL-15 (NKTR-
255) that exhibits a prolonged in vivo half-life and enhanced po-
tency, which is currently being examined as a potential cancer immu-
notherapeutic agent. Since responses by IL-15 can be mediated by
transpresentation via the IL-15Rα, as soluble IL-15/IL-15Rα complexes,
or by cis-presentation, we investigated the role of IL-15Rα in driving
NKTR-255 responses by naïve and memory CD8 T cells and NK cells
in mice.
Methods
The effects of NKTR-255 were examined by the adoptive transfer of
CFSE-labeled naïve ovalbumin-specific CD8 T cells (OT-I) or
established memory OT-I T cells followed by systemic administration
of NKTR-255. To assess responses by central and effector memory T
cell subsets, sorted CD44hi memory phenotype CD8 T cells were
transferred into wild-type (Wt) recipients followed by NKTR-255 treat-
ment. Additionally, NK cell responses to NKTR-255 were analyzed in
IL-15Rα bone marrow (BM) chimeras by BrdU incorporation.
Results
Naïve CD8 OT-I T cells transferred into Wt and IL-15Rα-/- mice prolif-
erated at similar levels and acquired a central memory phenotype in
response to NKTR-255. Interestingly, naive IL-15Rα-/- OT-I T cells had
a deficient response to NKTR-255 but not to rhIL-15 or soluble IL-15
complexes. Additionally, proliferation by memory IL-15Rα-/- OT- I T
cells in response to NKTR-255 was partially impaired compared to Wt
OT-I cells. Sorted memory CD8 T cells maintained their proportion of
CD62L+ and - subsets after NKTR-255-stimulated proliferation. Since
IL-15Rα expression is essential for NK cell development, BM chimeras
were generated with either IL-15Rα-/- or Wt BM in Wt recipients. In
this model system, similar levels of BrdU were incorporated in IL-
15Rα-/- and Wt NK cells after treatment with NKTR-255.
Conclusions
These findings suggest naive CD8 T cells are critically dependent on
cis-presentation of NKTR-255, while memory CD8 T cells are only par-
tially dependent. For both naive or memory CD8 T cells, transpresen-
tation of NKTR-255 was not required. In contrast to CD8 T cells, NK
cell responses to NKTR-255 are not dependent on cis-presentation.
Overall, these findings highlight the potential of polymerized IL-15 to
modify IL-15Rα dependency leading to different mechanisms of ac-
tion on CD8 T cells and NK cells and unique therapeutic effects.
Ethics Approval
All animal procedures were conducted in accordance with the animal
care and use protocols (00000851-RN01) approved by the IACUC at
the UT MD Anderson Cancer Center.
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Background
ALKS 4230 is a fusion of circularly permuted IL-2 and IL-2 Receptor
(IL-2R) α designed to selectively activate the intermediate-affinity IL-
2R, comprised of IL-2Rβ and γ, for activation of cytotoxic CD8+ T cells
and NK cells. ALKS 4230 has previously been shown to have en-
hanced antitumor activity relative to IL-2 in murine models.
Methods
In the ongoing FIH Phase 1 study in patients with advanced solid tu-
mors, ALKS 4230 is administered as a 30 minute intravenous infusion
once daily for 5 consecutive days repeating in treatment cycles of 14
days (first cycle) or 21 days (subsequent cycles). The primary objec-
tives are to investigate ALKS 4230 safety and tolerability and to de-
termine the maximum tolerated dose and recommended Phase 2
dose. Other assessments include pharmacokinetics, lymphocyte sub-
population expansion, immunogenicity, and anti-tumor activity.
Results
Twenty-four patients have received ALKS 4230 at doses ranging from
0.1 to 3 μg/kg/day. Patients with multiple tumor types were enrolled,
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including 5 with prostate carcinoma, 4 with renal cell carcinoma, and
3 with melanoma.
Patients had a median of 3 (range 1-8) prior lines of systemic ther-
apy. The most common treatment emergent adverse events (AEs)
seen in ≥ 60% of patients were fever and chills. Grade 3 treatment-
related AEs seen in 1-2 patients occurred at the 3 μg/kg/day dose
level and included neutropenia, leukopenia, jaundice, febrile neutro-
penia, lymphopenia, diarrhea, cholangitis, hyperbilirubinemia and hy-
poalbuminemia. There were no Grade 4 or 5 AEs. Systemic exposure
to ALKS 4230 increased with increasing dose and serum ALKS 4230
concentrations at 3 μg/kg/day have exceeded the EC50 values for NK
and CD8+ T cell activation determined in in vitro pharmacology stud-
ies. Treatment with ALKS 4230 resulted in a dose-dependent increase
in circulating NK and CD8+ T cells with an approximately 4-fold and
2-fold expansion at 3 μg/kg/day, respectively, and minimal, non-dose
dependent change in Tregs. Transient, dose dependent elevations in
serum IL-6 levels occurred 4-6 hours post-dose and were associated
with transient fever and chills but not cytokine storm. No objective
responses have been seen, and dose escalation is ongoing.
Conclusions
ALKS 4230 was well tolerated at the doses tested, with treatment-
related AEs that were manageable and transient. The 3 μg/kg/day
dose level induced expected immunologic effects, supporting the ra-
tionale for assessing combination therapies with ALKS 4230, as well
as continued dose escalation in the monotherapy setting.

Acknowledgements
Study was sponsored by Alkermes, Inc. The authors gratefully acknowledge
the patients and their families who participated in this study.
Trial Registration
Trial Registration at Clinicaltrials.gov: NCT02799095
Ethics Approval
The study was approved by Beth Israel Deaconesses Medical Center
Investigation Review Board (IRB), approval number 16-229, Roswell Park
Cancer Institute IRB, approval number MOD00002327 / PH 285316, Cleveland
Clinic IRB, approval number 16-804, Western IRB, approval number 1166122,
New York University IRB, approval number i15-01394, University Hospitals IRB,
approval number 16-804, and Chesapeak IRB approval number 00000790.

P424
NKTR-214, an engineered IL-2, selectively depletes intratumoral
Tregs and expands immunotherapy- induced effector T cell
responses
Meenu Sharma, PhD1, Hiep Khong, PhD1, Faisal Fa'ak, MD1, Brent
Chesson1, Barbara Pazdrak1, Laura Maria S Kahn1, Louise Janssen, MSc1,
Uddalak Bharadwaj1, Binisha Karki1, Zhilan Xiao, MD1, Yared Hailemichael,
PhD1, Manisha Singh, PhD1, Christina Vianden, MSc1, David Tweardy1,
Salah Eddine Bentebibel1, Cara Haymaker, PhD1, Chantale Bernatchez1,
Adi Diab, MD1, Ute Hoch, PhD2, Jonathan Zalevsky, PhD2, Willem W.
Overwijk, PhD1

1UT MD Anderson Cancer Center, Houston, TX, USA; 2NEKTAR
Therapeutics, San Francisco, CA, USA
Correspondence: Willem W. Overwijk (woverwijk@mdanderson.org)
Journal for ImmunoTherapy of Cancer 2018, 6(Suppl 1):P424

Background
High dose IL-2 has been used in treatment of metastatic melanoma
and renal cell carcinoma. However, expansion of suppressive Tregs
and physiologic toxicities associated with IL-2 has limited its use in
anti-cancer therapies. NKTR- 214 is an engineered IL-2 cytokine that
provides sustained activation of the IL-2 pathway through controlled
release of IL-2 with a bias to the IL-2 receptor CD122 (IL-2Rbeta
gamma), so that it can selectively enhance CD8+ T cell over regula-
tory T cells (Tregs). We tested this idea by assessing the therapeutic
synergy of NKTR-214 with CTLA-4 and PD-1-based checkpoint block-
ade therapy or with peptide-vaccination in CT26 colon carcinoma
and B16 melanoma models. We investigated impact of treatment on
proliferation and apoptosis of effector CD8+ T cells and immunosup-
pressive CD4+Foxp3+ Tregs, as well as effector cytokines and chemo-
kines in tumor and peripheral tissues. In vivo cytokine neutralization
experiments and in vitro assays revealed that NKTR-214 plus vaccine
treatment induced CD8+ effector T cell responses and enhanced as-
sociated cytokines IFN-gamma and TNF-alpha that mediate specific
depletion of intratumoral, but not peripheral, Tregs.
Methods
CT26 colon carcinoma tumor bearing mice were treated with NKTR-
214 or CTLA-4 and/or PD-1 checkpoint blockade. Tumor size, survival
and tumor-specific effector T cell response was analyzed. To monitor
antigen-specific immune response, we adoptively transferred naïve
gp100-specific pmel-1 CD8+ T cells into mice bearing established
B16 tumors, followed by a single vaccination (gp100 peptide + anti-
CD40 mAb + TLR-7 agonist) alone or in combination with NKTR-214
or Aldesleukin (IL-2) given every 8 days. Detailed analysis of CD8+ T
cells and Tregs was done by flow cytometry. Chemokines/cytokines
levels in tumor and spleen were measured by luminex- based assay.
Results
NKTR-214 efficiently synergized with checkpoint blockade and with
vaccination, improving overall survival and cure of mice in models of
colon carcinoma and melanoma. NKTR-214 promoted the CD8+ T cell
survival, expansion and release of associated cytokines, IFN-gamma
and TNF-alpha, which synergized to induce apoptosis and inhibited
proliferation of Tregs specifically in tumors (Figure 1) while preserv-
ing Tregs in peripheral tissues. In vitro cytokine treatment also con-
firmed that IFN-gamma and TNF-alpha together are both sufficient
and required to block Treg proliferation. Preliminary results confirm
similar therapeutic effects with cancer patients receiving clinical
doses of NKTR-214.
Conclusions
NKTR-214 synergizes with checkpoint blockade as well as with vac-
cination to improve the survival, proliferation and tumor infiltration
of effector CD8+ T cells while promoting selective intratumoral de-
pletion of Tregs to establish effective anti-tumor immunity.
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Background
ALKS 4230 is an engineered cytokine designed to selectively activate
the intermediate-affinity interleukin-2 receptor (IL-2R), expressed pre-
dominantly on natural killer (NK) cells and CD8+ T cells, which play
an important role in driving immune responses in cancer. A first-in-
human study of intravenous administration of ALKS 4230 in patients
with advanced solid tumors (NCT02799095) is currently ongoing. To
compare the pharmacodynamic responses in response to the
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intravenous and subcutaneous administration of ALKS 4230, two
studies were carried out in cynomolgus monkeys.
Methods
In the first study, a single dose of ALKS 4230 was administered intra-
venously or subcutaneously. In the second study, ALKS 4230 was ad-
ministered intravenously once daily on Days 1-5 or subcutaneously
on Days 1 and 4. Serial blood samples were collected from each ani-
mal for determination of serum concentrations of ALKS 4230 and
multiple proinflammatory cytokines as well as for immunophenotyp-
ing by flow cytometry.
Results
Overall systemic exposure to ALKS 4230 as measured by area under
the serum concentration vs. time (C-T) curve (AUC) after a single sub-
cutaneous dose of 1 mg/kg was comparable to that after an intra-
venous dose of 0.3 mg/kg, suggesting a subcutaneous bioavailability
of ~30%. With comparable AUC but lower Cmax, subcutaneous ad-
ministration elicited greater expansion of CD8+ T cells and CD56+
NK cells as well as a superior ratio of CD8+ T cells to CD4+CD25
+FoxP3+ Tregs compared to intravenous administration. In addition,
expansion of CD8+ T cells and CD56+ NK cells was sustained up to
12 days after a single dose. Total systemic exposure to ALKS 4230
was comparable after 5 daily intravenous doses of 0.1 mg/kg and 2
subcutaneous doses of 0.5 mg/kg (on Days 1 and 4) and resulted in
similar expansion of total CD8+ T cells, NK cells and Tregs between
the two dosing regimens. The serum IL-6 C-T profile mirrored the
ALKS 4230 C-T profile, with a higher peak IL-6 level and a higher
Cmax of ALKS 4230 following the last intravenous dose of 0.1 mg/kg
compared to the last subcutaneous dose of 0.5 mg/kg.
Conclusions
Subcutaneous administration of ALKS 4230 can achieve similar total
systemic exposure to ALKS 4230 compared to intravenous adminis-
tration with less frequent dosing and a lower Cmax, leading to simi-
lar expansion of total CD8+ T cell and NK cell populations. Therefore
subcutaneous administration may be a practical alternative to intra-
venous dosing and merits clinical evaluation.

Emerging Models and Imaging
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Background
Immune-checkpoint blockade treatments, particularly drugs inhibit-
ing programmed death-ligand 1 (PD-L1) with its receptor, pro-
grammed cell death protein-1 (PD-1) has demonstrated promising
clinical efficacy in patients with advanced non-small cell lung cancer
(NSCLC). In spite of recent regulatory approval of several immuno-
therapy (IO) drugs, the objective response rate of these drugs is
modest (~20%) at best. The complex nature of the host immune re-
sponse makes tissue based biomarker development for IO response
assessment challenging. Consequently, there is an urgent and critical
unmet need to develop accurate, validated biomarkers to predict
which NSCLC patients will benefit from IO. Previous research has
shown that the morphology of the tumor feeding vessels plays a role
in cancer aggressiveness as well as therapeutic refractoriness. Post-
treatment tumors show significant improvement in vessel tortuosity
abnormalities when compared before therapy initiation. Hence, we
sought to evaluate whether computer extracted measurements of
fractal features of nodule associated vessel morphology on base-
line CT scans in NSCLC patients treated with Nivolumab could
distinguish between patients who did and did not respond to
the PD-1 inhibitor.
Methods
Our study comprised non-contrast CT scans of 61 patients obtained
retrospectively from the Cleveland Clinic, including 31 patients who
responded to Nivolumab and 30 non-responders. Patients who did
not receive Nivolumab after 2 cycles due to lack of response or pro-
gression as per RECIST were classified as ‘non-responders’, patients
who had radiological response or stable disease as per RECIST were
classified as ‘responders’. From nodule annotations provided by a
trained radiologist, a region-growing algorithm was used to segment
the surrounding vasculature (Figure1A). A set of 12 vessel fractal
radiomic (VFR) measurements pertaining to the fractal analysis, the
state space reconstruction and Lyapunov exponent were extracted
from each nodule associated vasculature. A Naive Bayes classifier was
then used, in a 3-fold cross-validation setting through 200 iterations,
to construct a classifier to identify which patients respond to nivolu-
mab therapy.
Results
VFR features (Figure1B) were found to distinguish responders from
non-responders to Nivolumab with an AUC=0.73±0.08 . Statistically
significant difference was observed for two VFR features between re-
sponders and non-responders (p<0.009).
Conclusions
VFR were able to distinguish responders from non-responders for pa-
tients with NSCLC and treated with Nivolumab. The VFR could poten-
tially serve as a predictive tool for response assessment for immune
checkpoint inhibitors and enable selection of NSCLC patients who
will benefit from IO; paving the way for design of more rational clin-
ical trials with combination of IO agents.
Ethics Approval
The study protocol was approved under University Hospitals (UH) IRB
02-13-42C.
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Background
Despite the success of immunotherapy in several cancers, antibody
blockade of the immune checkpoint receptor PD-1 failed to improve
the survival of recurrent glioblastoma multiforme (GBM) patients [1].
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In contrast to this clinical reality, the widely used immunocompetent
mouse model of GBM, GL261, is highly immunogenic and readily
cured by T-cell checkpoint blockade therapy [2]. The resulting inabil-
ity to model the immunotherapeutic sensitivity of human GBM pre-
clinically prevents effective translation of murine observations to
clinical therapies. Quaking (QKI) is a GBM tumor suppressor gene
which is deleted, mutated or downregulated in the majority of hu-
man GBM [3,4], the expression level of which strongly correlates with
patient survival [5]. We describe novel murine immunocompetent
glioblastoma stem cell (GSC) lines derived from Nestin-CreERT2 Quak-
ing (QKI)L/L; P53L/L; PTENL/L (QPP) mice [5] and determine their sensi-
tivities to immunotherapies.
Methods
We selected four lines, namely QPP4, 5, 7 and 8, after validation of
their engraftment in C57BL6/J mice. The immunotherapeutic sensitiv-
ities in response to systemic CTLA-4 and PD-1 blockade therapies
were determined by tumor growth kinetics and survival. The tumor
microenvironment (TME) was evaluated by flow cytometry analysis.
Results
All four QPP lines express GSC markers, such as CD171 and α2β5, but
lack PD-L1 or PD-L2 expression in vitro and in vivo, excepting limited
PD-L1 expression by QPP7 in vivo. This fits the observation that only
a small proportion of human GBM expresses PD-L1 [6]. These QPPs
have distinct sensitivities to systemic checkpoint blockade in differ-
ent niches. Subcutaneously, QPP4, 5 and 8 are sensitive to CTLA-4
blockade, and QPP7 is sensitive to both PD-1 and CTLA-4 blockades.
In the brain, QPP5 and 7 remain sensitive to CTLA-4 blockade (n= 8-
15, p<0.05), while QPP4 and 8 resist both PD-1 and CTLA-4 blockades
(n= 9-15, p>0.05) (Figure 1). Preliminary analysis of the orthotopic
TME of the checkpoint-resistant QPP8 line reveals no significant
change in CD8 T cells, regulatory CD4 T cells (Treg), myeloid-derived
suppressor cells (MDSCs), tumor associated macrophages (TAMs) and
microglia infiltration, or CD8/Treg and CD8/MDSCs ratios with either
CTLA-4 or PD-1 blockade (n=3-5). PD- L1 expression on monocytic
MDSCs, TAMs and microglia in the PD-1 or CTLA-4 blockade group
are significantly increased (p<0.05) (Figure 2), however, which could
reveal the origins of the prognostic value of the PD-1/PD-L1 axis in
human GBM [7].
Conclusions
The distinct checkpoint blockade sensitivities of QPP lines could fill
the critical need for preclinical GBM models suitable for evaluating
immunotherapeutics.
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Background
Spatial characterization of the tumor microenvironment (TME) inter-
face between cancer cells, stroma and immune cells is essential for
understanding tumor progression and discovering prognostic and
predictive biomarkers. However, it has proven difficult to perform
such studies in a highly multiplexed manner using limited sample
quantity. Digital Spatial Profiling (DSP) has been developed as a
research use instrument, software and chemistry for hi-plex profil-
ing of mRNA and protein using an optical-barcode read-out. In
this study, microsatellite stable (MSS) or instable (MSI) character-
ized colorectal tumors were characterized using DSP with 40 pro-
teins or 48 RNA probes to evaluate active and suppressive
immune mechanisms in both immune dense regions and tumor
versus stroma.
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Methods
Sixteen FFPE colorectal tumors that were characterized for Microsat-
ellite stability status were mounted on slides. Tissue sections were
stained with a cocktail of pan-cytokeratin, CD45, CD3 and DNA fluor-
escent markers and 48 RNA probes or 40 antibodies, each conju-
gated to a UV-photocleavable DNA barcode. Regions of interest (ROI)
were delineated using the immunofluorescence followed by UV exci-
tation of the defined ROIs, which releases the DNA barcodes for
downstream quantitation on the NanoString nCounter® platform.
Two strategies were used for selecting ROIs, 1) Geometric profiling of
CD45-enriched hotspots in the tumor center and invasive margin
and 2) Segment profiling of cytokeratin-positive tumor regions com-
pared to cytokeratin-negative regions.
Results
We show that deep profiling of CD45-enriched regions from the inva-
sive margin and tumor center of MSS and MSI tumors have different
immunosuppressive and activated immune phenotypes. Comparing
colorectal tumors characterized as MSS, DSP was able to differentiate
immune hot and cold tumors despite MSS status. Further evaluation
using segment profiling of tumors versus stroma also identified specific
immune proteins and RNA pathways that were distinctly related to
each compartment and were different between MSI and MSS tumors.
Conclusions
Our results suggests DSP has the potential to be used to predict pa-
tients' response to PD-1 immune checkpoint blockade with greater
sensitivity than standard MSS/MSI profiling, and furthermore DSP
may allow identification of unique localized immune characteristics
that would guide combination therapeutic approaches.
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Background
Malignant mesothelioma is an aggressive cancer with poor prognosis
and few effective therapies. Since mesothelioma is derived from the
mesothelium of the lung, we hypothesize that immune cells in the
tumor microenvironment (TME) may behave differently than other
solid tumors. In our previous studies, utilizing multi- plexed immuno-
fluorescence, we did not find immune phenotypes associated with
improved patient survival. Here we describe a novel combination of
two technologies to spatially characterize the interface between
mesothelioma cells, stroma and immune cells in the TME in a high-
plex capacity.
Methods
Ten FFPE mesothelioma tumors were characterized by Definiens’
Immune-Oncology Profiling (IOP) and NanoString Digital Spatial Pro-
filing (DSP). Three alternating sequential sections were stained with
Definiens’ IOP (CD8/PD-1/FOXP3, CD68/PD-L1/CD3, Granzyme B). De-
finiens analysis was combined to identify localization of each marker
in the tumor center, invasive margin or stroma. Twelve regions-of-
interest (ROIs) were then selected based on the Definiens analysis for
high-plex analysis on DSP on the interleaving slide: 4 CD68-enriched,
6 CD8- enriched and 2 CD3-low. For DSP analysis, each slide was
stained with a combination of fluorescent-labeled antibodies (pan-
cytokeratin, CD3, CD68) and a panel of 38-antibodies each conju-
gated to a unique UV- photocleavable DNA barcode. ROIs from De-
finiens’ defined analysis were overlayed on DSP fluorescent scans,
followed by UV excitation of the defined ROIs, which releases the
DNA barcodes for downstream quantitation on the NanoString
nCounter® platform.
Results
We found strong correlation between Definiens and NanoString ana-
lysis of T cell and macrophage markers in selected regions. Generally,
patients with longer survival (>6 months) had increased density of im-
mune infiltrates including higher density of T cells, T-cell activation
markers (PD-1), higher cytokeratin levels and decreased Ki67 in the
tumor center and increased tertiary lymphoid structure makers (B cells)
in the invasive margin. Furthermore, STING and VISTA were highly
expressed across all mesotheliomas. However, the patient with the lon-
gest survival (>31 months) expressed an immune-excluded phenotype.
Co-localization analysis revealed that high CD68 density was tightly cor-
related to PD-L1 expression and in at least one case additional suppres-
sive macrophage markers, including CD163 and B7-H3.
Conclusions
Already this small data set demonstrates that integration of two
novel high-plex spatial analysis techniques separates distinct immune
mechanisms in the TME. Our analysis suggests that macrophages are
highly associated with expression of immune-inhibitory signals in
mesothelioma. Therefore, we hypothesize that analysis of additional
mesotheliomas may guide the development of combination im-
munotherapy trials that will be effective against this incurable
disease.
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Background
Pseudoprogression (PsP) is an inflammatory response associated with
radiation and necrotic induced changes reflective of treatment,
appearing as areas of increased enhancement on postcontrast T1-
weighted images. Response assessment criteria, such as RANO, strug-
gle to distinguish between true progression and PsP. Advanced im-
aging techniques (MR perfusion, MR diffusion) have been proposed
as an alternative way of distinguishing between PsP and progressive
disease (PD). However, the outcome of such studies underscores the
need for novel tools distinguish between these. In this study, we
sought to evaluate the utility of radiomic analysis of MR perfusion
[Dynamic contrast enhancement (DCE) and Dynamic susceptibility
contrast (DSC)] maps in differentiating PsP from PD.
Methods
Patients: A total of 98 patients were included in this multi-
institutional IRB-approved study. All had pathological confirmation;
78 patients with PD and 20 patients with PsP. Radiomic Analysis: All
patients underwent DSC and DCE perfusion MRI as part of their rou-
tine clinical care. Images were analyzed using Nordic ICE 2.3 (Nordic-
NeuroLab); rCBV and Ktrans maps were obtained. Subsequently, an
experienced radiologist delineated the entire tumor on DCE and DSC
maps using 3D slicer (http://www.slicer.org) (Figure 1). The extracted
3D region-of- interest (ROI) parametric maps were imported in the
radiomic pipeline. A total of 475 features (10 histogram-based and
375 higher-order texture features) were calculated for each paramet-
ric map. Statistical Analysis: An advanced feature selection method
based on Minimum Redundancy Maximum Relevance (MRMR) was
used to analyze the featureset and extract core features. Selected
features were used to build a Support Vector Machine (SVM) model



Fig. 3 (abstract P430). See text for description

Journal for ImmunoTherapy of Cancer 2018, 6(Suppl 1):115 Page 224 of 398
for prediction of PD versus PsP. To evaluate the robustness of the es-
timates made with the SVM models, leave-one- out cross-validation
(LOOCV) was conducted. Finally, box plots of the 10 most relevant
features and probability maps were calculated.
Results
MRMR identified 50 radiomic features that were further used to build
the SVM model. The prediction of progression by LOOCV was signifi-
cant p-value=0.031. Area under the curve (AUC), sensitivity and speci-
ficity were 89.26%, 81.82% and 100% respectively and the most
discriminating features were variance and sum entropy (Figure 2).
Box plots of the 10 most relevant features are shown in Figure 3.
Conclusions
This study demonstrates that MR perfusion radiomic analysis can dis-
criminate between PsP and PD. Further validation and a comparative
study of radiomic analysis of MR perfusion maps and conventional
MR images would be valuable to determine which approach is more
effective, and the added value in combining the two approaches.
Fig. 1 (abstract P430). See text for description
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Background
Treatment-related changes can occur as a result of multiple fac-
tors; these changes are often difficult to distinguish from true
progression (PD) of the tumor using conventional MRI. Treatment-
related changes or pseudoprogression (PsP) subsequently subside
or stabilize without any further treatment, whereas progressive
tumor requires a more aggressive approach. PsP mimics PD radio-
graphically and may potentially alter the physician’s judgement.
Hence, it can predispose a patient to overtreatment or be cate-
gorized as a non-responder and exclude him from clinical trials.
Radiomic analysis results in the quantification of grey tone spatial
variation thereby providing textural features that characterize the
underlying structure of the object under investigation. This study
aims at assessing the potential of radiomics to discriminate PsP
from PD in glioblastoma (GBM) patients.
Methods
In this multi-institutional study, we evaluated 304 GBM patients
retrospectively. All patients showed radiographic worsening in
MRI, with/without clinical deterioration, and were evaluated for
PD our PSP. 149 patients had histopathological evidence of PD
and 27 of PsP. Remaining 128 patients were categorized into PD
or PsP based on RANO criteria . Conventional MR images were
acquired using typical clinical acquisition parameters. Three tumor
phenotypes (ROIs), namely edema/invasion, necrosis, and enhancing
tumor, were delineated by an experienced radiologist. A total of 1800
radiomic features were obtained for each patient. Statistical Analysis:
An advanced feature selection method based on Minimum Redun-
dancy Maximum Relevance (MRMR) was used to analyze the featureset
and extract core features. Selected features were used to build a Sup-
port Vector Machine (SVM) model for prediction of PD versus PsP
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status. To evaluate the robustness of the estimates made with the SVM
models, leave-one-out-cross-validation (LOOCV) and a 70-30% split was
performed.
Results
Using the MRMR feature selection method, we could identify 100 sig-
nificant features that were further used to build a SVM model. On
LOOCV, the area under curve (AUC) was 90%, with a sensitivity and
specificity of 97% and 72% respectively (Figure 3). Using 70% of the
patient data for training and 30% for validation an AUC of 94% was
achieved, with sensitivity of 97% and specificity of 75%. Five texture
features i.e. energy, cluster shade, sum average, maximum probability
and cluster prominence were found to be most predictive of nature
of disease progression.
Conclusions
The proposed tool has the potential to advance clinical management
strategies. Apart from its non-invasive nature, our methodology
doesn’t require additional imaging and may act as a complementary
tool for the clinicians.
Fig. 3 (abstract P431). See text for description

Fig. 1 (abstract P431). See text for description

Fig. 2 (abstract P431). See text for description
P432
High tumor mutation burden (Hypermutation) in gliomas exhibit a
unique predictive radiomic signature
Islam Hassan1, Aikaterini Kotrotsou1, Carlos Kamiya Matsuoka1, Kristin
Alfaro-Munoz1, Nabil Elshafeey1, Nancy Elshafeey1, Pascal Zinn2, John
deGroot1, Rivka Colen, MD3

1MD Anderson Cancer Center, Houston, TX, USA; 2Baylor College of
Medicine, Houston, TX, USA; 3The University of Texas, Houston, TX, USA
Correspondence: Rivka Colen (rcolen@mdanderson.org)
Journal for ImmunoTherapy of Cancer 2018, 6(Suppl 1):P432

Background
Increase in tumor mutation burden (TMB) or hypermutation is the ex-
cessive accumulation of DNA mutations in cancer cells. Hypermuta-
tion was reported in recurrent as well as primary gliomas.
Hypermutated gliomas are mostly resistant to alkylating therapies
and exhibit a more immunologically reactive microenvironment
which makes them a good candidate for immune checkpoint inhibi-
tors. Herein, we sought to use MRI radiomics for prediction of high
TMB (hypermutation) in primary and recurrent gliomas.
Methods
In this IRB-approved retrospective study, we analyzed 101 patients
with primary gliomas from the University of Texas MD Anderson Can-
cer Center. Next generation sequencing (NGS) platforms (T200 and
Foundation 1) were used to determine the Mutation burden status in
post-biopsy (stereotactic/excisional). Patients were dichotomized
based on their mutation burden; 77 Non-hypermutated (<30 muta-
tions) and 24 hypermutated (>=30 mutations or <30 with MMR gene
or POLE/POLD gene mutations). Radiomic analysis was performed on
the conventional MR images (FLAIR and T1 post-contrast) obtained
prior to tumor tissue surgical sampling; and rotation-invariant radio-
mic features were extracted using: (i) the first-order histogram and
(ii) grey level co-occurrence matrix. Then, we performed Logistic re-
gression modelling using LASSO regularization method (Least Abso-
lute Shrinkage and Selection Operator) to select best features from
the overall features in the dataset. ROC analysis and a 50-50 split for
training and testing, were used to assess the performance of logistic
regression classifier and AUC, Sensitivity, Specificity, and p-value were
obtained. (Figure 1)
Results
LASSO regularization (alpha = 1) was performed with all the 4880
features for feature selection and 40 most prominent features were
selected for logistic regression modelling. Our entire dataset ROC
analysis showed an accuracy of 100%, sensitivity of 100% and specifi-
city of 100% with p-value of 1.256-12, while our 70-30 split ROC ana-
lysis showed an accuracy of 96.7%, sensitivity of 85% and specificity
of 100% and a p-value of 0.003; Our 50- 50 split ROC analysis showed
an accuracy of 94%, sensitivity of 75%, and specificity of 100% and a
p-value of 0.0008. (Figure 2, 3, 4)
Conclusions
An MRI-radiomic phenotype is predictive of the increase in TMB
(Hypermutation) in both primary and recurrent gliomas.
Fig. 1 (abstract P432). See text for description
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Background
We describe two advances in multispectral fluorescence immunohisto-
chemistry, a powerful tool for quantifying interactions within the tumor
microenvironment. First, a fully-automated 8-plex assay plus DAPI coun-
terstain on the same tissue section. Second, a novel scanning method
that produces a multispectral whole slide scan of 6 markers plus DAPI
counterstain in ~6 minutes (1x1.5 cm tissue section).
Methods
FFPE primary tumors were immunostained using Opal™ reagents manually
or on a Leica BOND RX™. Imagery was acquired on a Vectra Polaris® auto-
mated imaging system and analyzed with inForm® and MATLAB® software.
Results
Two new Opal™ reagents (Opal 480 and Opal 780) were combined with
currently available Opal 7-color kits to stain and distinguish 8 markers
plus DAPI when imaged on the Vectra Polaris®.Figure 1 shows a 9-color
panel on lung cancer: CD20 (Opal 480), PD-L1 (Opal 520), CD8 (Opal 540),
FoxP3 (Opal 570), CD68 (Opal 620), PD-1 (Opal 650), Ki67 (Opal 690), and
PanCK (Opal 780). Colors assigned to each marker, and associated com-
ponent planes, are shown in Figure 1B.These 8 markers combine to gen-
erate more than 20 phenotypes relevant to immuno- oncology that can
be studied in relation to local PD-L1 expression and proliferation state
(Ki67+/-). For example, while the density of CD8+ cells was 8-fold lower
in tumor than stroma (150 vs 1200 cells/mm^2), those CD8+ cells were
>4x more likely to be proliferating in tumor vs stroma (28% vs. 6%).To in-
terrogate interactions across a whole section, we additionally developed
a multispectral whole-slide scanning method, demonstrated on lung can-
cer using a subset of 7 stains from the 9-color panel above. Phenotype
and expression-level assessments of the unmixed whole slide scan de-
scribe distribution patterns of immune cells across the entire section.In
measurements of crosstalk and dynamic range, whole-slide multispectral
scanning performed comparably to established field-based multispectral
imaging, and outperformed conventional fluorescence scanning by redu-
cing crosstalk from up to 8% to under 2% (typically <0.5%) and extend-
ing the dynamic range of some channels by more than 50-fold.
Conclusions
We introduce a 9-color fIHC assay that distinguishes 8 markers plus DAPI
counterstain on the same tissue section, increasing the depth of cellular
interactions that can be studied within the tumor microenvironment.Ad-
ditionally, we introduce a whole slide multispectral imaging method that
provides rich quantitation of interactions among 6 markers at length
scales spanning from cell biology to tumor physiology.
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Background
Chimeric antigen receptor (CAR) T cell therapy has demonstrated
success in clinical trials [1], and two such therapies have now been
approved within the USA [2]. Due to the heterogeneity of apheresis
products from heavily treated cancer patients, no algorithms exist to
predict the efficacy of manufactured CAR T cell products. CAR T cells
are living drugs, that are capable of division, anti-tumor cytotoxicity
and cytokine secretion post infusion. Based on previous models of
virus-T cell interaction [3], we developed new models to estimate
post-infusion CAR T cell division and cytotoxicity. Simulation results
reveal important characteristics when elite populations of CAR T cells
are present in the pool of infused CAR T cells.
Methods
Models were implemented in COPASI [4], a biochemical network
simulation platform. Patient CAR T cell performance data extracted
from previously published studies using WebPlotDigitizer [5]. Fitting
of model parameters to published patient data and model inference
performed using ABC-SysBio [6], a python-based toolkit implement-
ing Approximate Bayesian Computation. Post-processing of outputs
from COPASI and ABC-SysBio was performed on MATLAB.
Results
Any of the models developed (selection shown in Figure 1) could be
fit to patient data, and ABC-SysBio can be implemented to select be-
tween the models given patient data. Model presented in figure 1A
was used to determine the effects of having a large population of
CAR T cells which can only undergo one cell division and a smaller
elite population (1/1000th of maximum at infusion) capable of unlim-
ited expansion. Broadly, the rates of division of high performance
clonal CAR T cells (at most 4 h doubling time), and the rates of mem-
ory formation of CAR T cells (at least 0.383/day) were found to most
significantly impact tumor clearance, while the cytotoxicity of the
CAR T cells (ranging from 2 – 16 /day/cell) did not significantly im-
pact tumor clearance in the mathematical models (Figure 2).
Conclusions
Surprisingly memory formation is more associated with complete re-
mission than cytotoxicity and mirrors previous findings that correlate
therapeutic success with memory formation [7]. Estimation of the
parameter values for number of CAR T cell divisions, rates of division,
memory formation, memory reactivation, CAR T cell depletion (ex-
haustion and non-exhaustion induced death) and anti-tumor cytotox-
icity can be useful in determining the design specifications of
successful CAR T cell therapy administrations across various clinical
trials. Extrapolation of this model in a prospective setting will be
needed for further validation.
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Background
The myeloid cell compartment plays an important role in anti-tumor
immune responses and represents a heterogeneous population with
both cancer-promoting and cancer-restraining actions. Unleashing
the full potential of cancer immunotherapies requires an understand-
ing of the cellular mechanisms that govern these opposite actions.
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To date, high throughput relevant preclinical models for dissecting
the interactions between different cellular players in the tumor
microenvironment are lacking. Previously we have shown that our
3D image-based co-culture system allows assessing efficacy of im-
mune modulators to enhance PBMC infiltration and tumoroid killing.
Our main goal was to improve this model by incorporating a more
complete human immune system. To do that we first generated di-
verse myeloid populations in a 3D environment and then used our
image-based platform to describe the different subsets. The image
analysis software was trained on a set of features that reproducibly
allowed discrimination between undifferentiated monocytes, M1 and
M2 macrophages and dendritic cells. The different myeloid subsets
were next co-cultured with tumor cells to analyze the complex cellu-
lar interplay of the TME.
Methods
Different myeloid populations were generated in 3D from monocytes
derived from healthy donors PBMCs. Polarized M1 and M2 macro-
phages, DCs and undifferentiated monocytes were then co-cultured
in 3D with SKBR3 tumor cells or 3D tumoroids derived from this cell
line. The cellular interactions were visualized using high-content mi-
croscopy and quantified with multiparametric morphometric analysis
with OMinerTM software.
Results
3D image analysis enabled the discrimination of immune-tumor cell
interactions and revealed the effect of myeloid cells on tumor
growth in co-culture. Our approach also enables the analysis of how
tumor-driven mechanisms regulate myeloid cell differentiation and
contribute to the immunosuppressive microenvironment. These re-
sults provide a means to elucidate the bi-directional interplay be-
tween tumor and immune cells and allows for analysis of functional
reprograming of the suppressive population towards a M1 pheno-
type induced by drug candidates.
Conclusions
The 3D assay presented here enables visualization and measurement
of effects of immunotherapies on cells that engage in a more physio-
logically relevant spatial setting than when culturing them in trad-
itional 2D cultures. Using morphological measurements different
myeloid cell subsets can be distinguished, which offers a very attract-
ive alternative for complex and labor-intensive phenotyping based
on markers expression and cytokine release profiling. The ultimate
goal is to develop a highly sophisticated platform for testing cancer
immunotherapies that combines the complexity of the TME and the
robustness of a high throughput screening platform.
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Background
Core needle biopsies are used to histologically assess tumors when
surgical excision is impractical. Such small samples may not be repre-
sentative given the known heterogeneity of immune cell distribution,
including CD8+ tumor infiltrating lymphocytes (TILs)[1].
Methods
Initially, 20 immunolabeled slides from purchased non-squamous
NSCLC tumor resections were scanned and tumor region was manu-
ally annotated[1]. CD8(+) TILs were detected using Definiens Devel-
oper XD™ software[1,2]. Needle biopsies were simulated using an
elliptical shape, with multiple iterations applied by varying the size,
angle and positioning of that ellipse across the full resection using
Python programming language[3], totaling in 24,200 single needle
simulations per case. CD8(+) TIL density was determined for the
tumor region contained within each simulated portion. Using the
statistical software R[4], individual cores were compared to other
cores in each sample, to the full tumor region and across all 20
cases.
Results
The heterogeneity of the CD8(+) TIL distribution is very well reflected
in the statistical analysis of the number of CD8(+) TILs actually found
within the needle biopsy to the expected number, based on the size
of the needle ellipse and full slide CD8(+) TIL density. Even in cases
with generally high correlation, a single biopsy location with chan-
ging the needle size or the angular component of the needle direc-
tion only can already produce a set of non- representative CD8(+) TIL
densities. In a about 15% of all simulated cores, no CD8(+) TIL was
found in the tumor region, spanning all dimensions of variation used
in the simulation equally as well as cases.
Conclusions
One needle biopsy insufficiently represents the CD8+ TIL density of
resected non-squamous NSCLC. Determining a clinically-feasible
number of cores to accurately assess CD8 requires further study. Sys-
tematic measurement of sampling error should be extended to other
markers of the immune response to cancer whose expression is
known to be heterogenous, such as PD-L1.
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Background
It has been a challenge to apply immunotherapy (IT) to patients with
chordomas, due to lack of clinically-translatable in vivo models. Cur-
rently, there are no well-established murine chordoma cell lines that
can be injected to syngeneic mice or no transgenic mouse models
that develop chordomas spontaneously, which would allow us to
study the interaction between murine chordomas and murine im-
mune cells. Hence, we aimed to develop a humanized mouse model,
where human immune cells are engrafted into immunodeficient
mice,[1,2] to overcome this limitation by studying the interaction be-
tween human immune system and human chordomas. We also
sought to utilize it to study synergistic effect between IT and radi-
ation therapy (RT) against chordoma.
Methods
Fifteen 10-12-week-old NSG mice were sub-lethally (1.5Gy) irradiated
and then implanted with fetal thymic tissue and CD34+ stem cells
that had been harvested from a fetus, whose HLA-types were
partially-matched with those of the U-CH1 chordoma cell line. Recon-
stitution of immune cells in NSG mice was confirmed 8 weeks post-
transplantation and then each animal (15 humanized NSG mice and
12 naïve NSG mice) was injected with U-CH1 cell suspension bilat-
erally and subcutaneously. Next, they were treated for 4 weeks as fol-
lows: A) control, isotype antibodies (Abs) injection (n=3), B) anti-
human-PD-1 Abs (n=4), C) RT + isotype Abs (n=3, unilaterally to the
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left- sided tumor, 8Gy x 4), D) anti-human-PD-1 Abs and RT (n=5), E)
naïve NSG mice (n=6, without the engraftment of human immune
cells) + isotype, and F) naïve NSG mice (n=6) + anti-human-PD-1 Abs.
During and after the treatment, anti-tumor activities were monitored
via tumor size, flow cytometry, qRT-PCR, and immunohistochemistry.
Results
One week after the treatment, on the irradiated side, (D) demon-
strated lowest tumor volume (Figure 1), highest number of human
PBMCs, highest % of CD8+ human T cells, highest % of CD45RO
+CD4+ human (memory) T cells, and lowest % of PD-1+CD8+ human
T cells in the tumors via flow cytometry (Figure 2), and highest IFN-
gamma in the tumors via qRT-PCR, compared to the other five
groups with statistical significance. On the non- irradiated side, simi-
larly D) had the smallest tumor compared to the others (P=0.09).
Conclusions
We demonstrated that this humanized mouse model could be a
revolutionary platform to investigate IT against rare cancers such
as chordomas, where murine equivalent cell lines are currently
unavailable. The direct synergistic effect between IT and RT
against chordoma as well as the potential abscopal effect was
observed.
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Background
The tumor associated glycoprotein MUC16 is highly expressed in
ovarian cancer with limited normal tissue expression, making it a
suitable target for the development of CD3 binding T-cell engaging
bispecific antibodies. Here we used non-invasive immuno-PET im-
aging as a powerful tool to determine the impact of each antigen
binding arm on bio-distribution of MUC16-CD3 bispecific antibodies
in mice. To dissect the role of CD3 affinity on antibody distribution,
we assessed two bispecifics with varying CD3 affinity; MUC16-CD3low
and MUC16-CD3high

, alongside the bivalent parental MUC16
antibody.
Methods
Antibodies were radiolabeled with positron emitting radionuclide
Zirconium-89 (89Zr) using the chelator deferoxamine (DFO) and dem-
onstrated high radiochemical purity and immunoreactivity. Initial im-
aging and biodistribution studies were performed in SCID mice
bearing MUC16+ OVCAR3 ovarian tumor xenografts to validate the
MUC16 binding arm of the antibodies. Localization of 89Zr-MUC16-
CD3low and 89Zr-MUC16-CD3high was next measured in tumor-free
MUC16 and CD3 double humanized immunocompetent mice. A
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subsequent study assessed blocking CD3-dependent localization of
89Zr-MUC16-CD3high by a control CD3 antibody. Parental 89Zr-
MUC16-MUC16 antibody was assessed in matched humanized and
normal mice to determine localization to MUC16 expressing normal
tissues. Lastly, the uptake of 89Zr-MUC16-CD3low or 89Zr-MUC16-
CD3high to ID8/VEGF/hMUC16 tumors was assessed in the double hu-
manized mice.
Results
Immuno-PET imaging of 89Zr-MUC16-CD3low,

89Zr-MUC16-CD3high
and 89Zr-MUC16-MUC16 all demonstrated high and specific targeting
to OVCAR3 xenografts (~70%ID/g). In the MUC16 and CD3 human-
ized mice, very high localization of 89Zr-MUC16-CD3high to CD3+
lymphoid tissues (spleen and lymph nodes) was observed. Relative
89Zr-MUC16-CD3low uptake in lymphoid tissues was greatly reduced.
Conversely, blood levels of 89Zr- MUC16-CD3high were lower than
89Zr-MUC16-CD3low, resulting in higher tissue:blood ratios by 89Zr-
MUC16- CD3high. Blocking with control CD3 bispecific significantly re-
duced localization of 89Zr- MUC16-CD3high to lymphoid tissues. Spe-
cific uptake of 89Zr-MUC16-MUC16 in normal tissues was not
observed. 89Zr-MUC16-CD3low and 89Zr-MUC16-CD3high both showed
significant uptake (50-60%ID/g) in ID8/VEGF/hMUC16 tumors. Tumor
uptake between the antibodies was generally not significantly differ-
ent despite the high lymphoid uptake of 89Zr- MUC16-CD3high.
Conclusions
89Zr-MUC16-CD3low and 89Zr-MUC16-CD3high demonstrated specific
localization to MUC16+ tumors and CD3+ lymphoid tissues, with
lymphoid distribution correlating to relative CD3 affinity. Both
MUC16-CD3 bispecifics demonstrated clear tumor localization in the
presence of CD3+ tissues. This work demonstrates that immuno-PET
is an ideal technology to monitor bispecific localization in vivo. Fur-
ther studies may investigate any correlation between antibody bio-
distribution as monitored by immuno-PET and toxicity or efficacy
observed during the optimization of these promising therapeutics.
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Background
Immuno-oncology has revolutionized cancer care for many cancer
types, however, the development of novel immunotherapeutics still
faces many challenges due to lack of drug screening platforms that
represent the complexity of the tumor microenvironment. Conven-
tional cytotoxicity assays, such as chromium 51 and LDH release are
limited in providing clinically relevant data about immunogenic cell
death. The goal of this study was to develop an integrated confocal-
based high-throughput, high-content real-time imaging platform to
assess immunogenic cell killing activity of novel immunotherapeutic
agents and to develop rational drug combinations using patient-
derived tumor samples.
Methods
All patient tumor samples were obtained with patient consent and
relevant IRB approval. For the confocal imaging platform, unpropa-
gated 3D tumoroids measuring 100-150 micron in size were pre-
pared from fresh tumor samples of non-small cell lung cancer using
a proprietary technology developed at Nilogen Oncosystems. Cell-
match studies utilized autologous patient-derived cell lines that were
isolated and propagated from each patient’s tumor.
Results
In Cell-match studies, tumor cells and tumor infiltrating lymphocytes
(TILs) were labeled with different cell tracker fluorescent dyes to
monitor cell movements and locations. For 3D tumoroid assays sam-
ples were pre-labeled with proprietary fluorogenic markers to iden-
tify live and dead tumor cells. After treatment with different
immune- stimulatory agents, real-time confocal imaging analysis was
performed to assess apoptotic tumor cell death which was evaluated
via the detection of changes in the permeability of cell membranes
and activation of caspase 3 pathway. Comprehensive flow cytometry
analysis was performed to corroborate confocal imaging findings on
immunogenic tumor cell death (LIVE/DEAD viability markers and
cleaved caspase 3) and TIL activation (CD25, CD69, Ki-67 and gran-
zyme expression in CD4 and CD8 positive lymphocytes). A custom
image analysis algorithm was developed for the collection of data in
a structurally relevant environment on quantification of marker-
specific cell number, cell viability and apoptosis in addition to struc-
tural and functional analysis of cells in intact 3D tumoroids.
Conclusions
The confocal-based high-throughput and high-content real-time im-
aging platform described here is physiologically relevant and allows
rapid screening of multiple drugs and drug combinations based on
their immunogenic cell killing activity in a cost-effective manner to
accelerate drug discovery.
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Background
Successful digital image analysis (DIA) of cancer tissue is accurate
and reproducible. These points of emphasis have brought proce-
dures like the tissue microarray (TMA) and hotspot regions of interest
(ROI) under scrutiny. The nature in which a pathologist selects TMAs
and ROIs is conducive to bias. Whole Slide Imaging (WSI) offers a so-
lution in its unbiased region selection and consideration of a larger
tissue sample. However, options for softwares that can handle such
large throughput are scarce. Additionally, while multiplex immuno-
histochemistry (mIHC) is becoming popular [1], documentation of its
digital analysis tools remains minimal [2]. The combination of these
procedures potentiates a deeper understanding of the tumor micro-
environment. This study presents the whole-slide mIHC analysis cap-
abilities of QuPath, an open-source application developed at Queen’s
University Belfast [3].
Methods
A multiplex fluorescent stain panel was performed on patient sam-
ples. The slides were imaged and cells were detected and segmented
in QuPath. QuPath parallelizes its workload to manage whole-slide
throughput efficiently. Custom scripts were written that exhibit
machine-learning and thresholding techniques to aggregate cell
phenotype totals. Additionally, cell detection numbers were gener-
ated for specific ROIs and compared to a commercial DIA software.
All scripts and protocols in this study are made public for replication
and improvement by the community.
Results
QuPath’s automated cell segmentation and classification were dem-
onstrated as a proof-of-concept for whole-slide multiplex immunohis-
tochemistry analysis. Across an entire slide, cells positive for multiple
markers were effectively segmented and properly phenotyped.
Conclusions
Open-source applications have become a driving force for innovation
and collaboration in the field of digital image analysis. In litigating
the strengths and weaknesses of QuPath for whole-slide mIHC ana-
lysis, we aim to advance the field’s knowledge of available software
tools and bring attention to necessary points of growth in this rap-
idly changing industry.
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Background
Advancement in cancer immunotherapy is associated with unravel-
ing the complexities of immune suppressive mechanisms across dif-
ferent cancers. Quantification on multispectral multiplex-
immunofluorescence (mIF) images allows detection of several bio-
markers in a single section. In addition, new evidence using mIF
techniques suggests that spatial analysis reveals novel insights in the
tumor microenvironment. However, multispectral imaging is tile
based due to long scanning periods, which leads to insufficient data
acquisition for significant spatial analysis. In this study, our goal is to
develop an automated workflow to study the spatial patterns of infil-
trating cells in the tumor microenvironment based on multispectral
mIF whole slide scans. This was used to study the relationship be-
tween tumor proliferation and immune-response in non-small cell
lung cancer (NSCLC) resections.
Methods
45 formalin fixed, paraffin embedded NSCLC resection samples were
stained with a custom-developed 7-plex mIF panel (CD68, CD8, Ki67,
PD1, PD-L1, pancytokeratins-CK & DAPI) using the Opal method (Per-
kinElmer). Tiled scans were acquired with a Vectra Polaris (PerkinEl-
mer) multispectral imaging system. Definiens Insights services with
custom algorithms was used to analyze the unmixed multispectral
data as whole slide images.
Results
The 7-plex Opal staining was optimized for an automated staining
platform to ensure high throughput and consistent sample process-
ing. We developed a workflow which composes the tiled unmixed
multispectral data to a whole-slide image and optimizes the layers
for screen display and automated image analysis. Furthermore, im-
ages were shared on Definiens collaboration platform along with a
chromogenic-IHC pseudocolor of the IF CK/DAPI signals and co- reg-
istered H&E section for pathologist annotations. These annotations
were used in defining tumor center and invasive margin. The image
analysis includes single-cell detection on the complete slide along
with classification of subpopulations based on multi-marker positivity
of individual cells. Part of the analysis is a high-quality tumor stroma
separation based on the CK signal. The single-cell readouts were
used to construct spatial biomarker- expression patterns (Figure 1),
which shows distinct immunological areas in the tumor region and a
possible correlation between tumor proliferation (Ki67) with the im-
mune activity in the invasive margin.
Conclusions
We developed an automated workflow for quantitative mIF image
analysis on whole-tissue slides. Additionally, our image analysis per-
mitted identification of spatial patterns for immunoprofiling, where
we could overcome the limitation of small regions of interests and
provide significant amount of data on the whole tumor region.
Ethics Approval
Commercially available samples were obtained according to the dec-
laration of Helsinki for this study.
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Background
Recent success of several immunotherapeutic regimens, such as
checkpoint modulators has boosted development of next generation
IO agents underscoring the need for robust preclinical platform to
evaluate IO-therapies. The Champions ImmunoGraft® model utilizing
humanized NOG mice is an innovative pre-clinical model for asses-
sing the efficacy of IO agents against solid tumors. Improved immu-
nodeficient mouse strains, such as triple transgenic NOG-EXL mice
expressing huIL-3 and huGM-CSF, allows for superior HIS develop-
ment. In this study, we evaluated human immune lineage develop-
ment, tumor infiltrating leukocytes, and tumor response to
checkpoint inhibitor utilizing this humanized mouse platform.
Methods
Human immune system component development in peripheral
blood was assessed by flow cytometry across 9 donors 8 weeks post
intravenous transplantation of cord-blood (CB) C34+ hematopoietic
cells (HSC) in NOG and NOG-EXL mice. Next, NOG-EXL mice were hu-
manized with CB-HSC from 2 donors, monitored for engraftment
then implanted with a patient-derived xenograft (PDX) tissue from a
non-small cell lung carcinoma (NSCLC) patient. Immune cell popula-
tions (T cells, macrophages, myeloid-derived suppressor cells (MDSC)
and dendritic cells (DC)) were evaluated by flow cytometry at 4 and
6 weeks post-tumor implantation in various tissues. For nivolumab
(α-PD-1; 10mg/kg) treatment, dosing was initiated at a tumor volume
of 80-150 mm3. Responses were determined as changes in tumor
volume.
Results
NOG-EXL (100%) consistently engrafted more readily than NOG
(80%), with greater than 25% huCD45+ cells in the periphery. Some
donor to donor variability was observed in HIS engraftment in both
mouse strains; both strains permitted T cell, B cell and some myeloid
cell development. T cell lineage development was equivalent in both
strains at 12-weeks post–HSC transplantation. Improved myeloid
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lineage (CD33+) development was found in NOG- EXL animals.
Macrophage, MDSC, as well as T cells were found in tumor infiltrates.
Evaluation of PD-1 blockade in NSCLC PDX ImmunoGraft® in NOG-
EXL mice indicated HIS donor variability impacted treatment efficacy
in vivo.
Conclusions
ConclusionsImproved mouse strains that allow for robust reconstitu-
tion of immune compartments enhances value of ImmunoGraft®
platform for screening new IO therapies. We demonstrated that
NOG-EXL mice allow better engraftment and HIS development com-
pared to NOG. Evaluation of nivolumab efficacy in NSCLC PDX model
in this enhanced ImmunoGraft® indicates that PD-1 blockade is feas-
ible, and offers an opportunity to evaluate therapeutics targeting
myeloid populations. The ImmunoGraft® has the potential to advance
translational IO drug discovery and development.

P444
Autologous human immune system (HIS) ImmunoGraft®: Mobilized
peripheral blood (MPB) derived CD34 engraftment and lineage
development
Bhavana Verma, PhD1, Georgia Chen, PhD2, Edmund Waller, MD, PhD,
FACP2, Neal Goodwin, PhD1, Angela Davies, MD1 , Amy Wesa, PhD1,
Nabil Saba, MD2

1Champions Oncology, Rockville, MD, USA; 2Winship Cancer Institute of
Emory University, Atlanta, GA, USA
Correspondence: Amy Wesa (awesa@championsoncology.com)
Journal for ImmunoTherapy of Cancer 2018, 6(Suppl 1):P444

Background
Humanized mice generated by hematopoietic stem cells (HSC) trans-
plant and co-engrafted with a patient-derived xenograft (PDX) repre-
sents a promising pre-clinical platform for studying immunological
response to cancer and evaluation of immunotherapeutic interven-
tions. These models are limited by the fact that the immune system
developed in these mice is allogeneic to the tumor. To address this,
we have innovated a platform to reconstitute autologous HIS in im-
munodeficient NOG-EXL mice with mobilized peripheral blood
(MPB)-CD34 cells derived from a head and neck cancer patients
along with PDX generated from the same patient tumor tissue.
Methods
Patients with head and neck squamous cell carcinoma (HNSCC) were
consented for tumor and IRB approved apheresis for stem cell collec-
tion at Winship Cancer Institute of Emory University. The HSC collec-
tion protocol included mobilization with G-CSF and Plerixafor, prior
to apheresis, isolation and cryopreservation of MPB-CD34 cells. PDX
were established from biopsies or surgical specimens by passaging
in immunodeficient mice. In parallel, Irradiated NOG-EXL mice were
humanized by intravenous transplantation of HSC. Engraftment of
human immune components (T cells, B cells and myeloid cells) in
peripheral blood was assessed by flow cytometry up to 25 weeks,
with terminal collections and assessment of immune components in
spleen and bone marrow at 30 weeks.
Results
Twenty-eight PDX models were generated from 43 patients with
HNSCC and evaluated by next-generation sequencing. In parallel, HIS
engraftment assessed in circulation was observed at 8 weeks post-
transplant in 100% of NOG-EXL mice; with 5-20% hCD45+ cells
present. B cell development was predominant at early timepoints
and declined over time. T cell development was observed starting at
15 weeks, with both CD4 and CD8 T cell subsets observed. Strong
myeloid lineage (CD33+) development was observed starting at 8
weeks and persisted throughout the study. At 30 weeks we plan to
evaluate immune compartments in blood, spleen and bone marrow
of the humanized mice.
Conclusions
HSC mobilized from an adult patient with HNSCC was used to en-
graft and generate HIS-mice with B cells, T cells, and myeloid cells. In
parallel, a matched PDX model was established from the same pa-
tient. The co-engraftment of HIS mice with an autologous PDX is in
progress. This data demonstrate that mobilization and apheresis of
HNSCC patients is technically and clinically feasible, and may permit
the establishment of autologous HIS-PDX mice. The advanced autolo-
gous CD34-ImmunoGraft® has the potential to advance translational
ImmunoOncology drug discovery and development.
Ethics Approval
Apheresis was performed based on an IRB approved protocol imple-
mented at Winship Cancer Institute of Emory University
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Background
Metastatic melanoma remains an incurable disease for some patients
due to treatment resistance and metastatic dissemination. Here we
show that metastatic melanoma tumor samples from patients are in-
filtrated with myeloid cells and display STAT3-driven transcriptional
profiles.
Methods
To study the biology of myeloid cells and melanoma cells in vivo, we
used NSG mice with transgenic expression of human hematopoietic
cytokines SCF/GM-CSF/IL-3 (NSG-SGM3) engrafted with human CD34
+ hematopoietic progenitor cells.
Results
Humanized NSG-SGM3 mice when implanted with Me275 human
melanoma cell line subcutaneously, developed multi-organ distant
melanoma tumors. This was linked with the presence of circulating
tumor cells and elevated serum biomarker lactate dehydrogenase
(LDH). Among six melanoma cell lines analyzed, potential to form dis-
tant tumors was correlated with G0/G1 cell cycle status and prolifera-
tive capacity. Treatment with VEGF inhibitor Avastin significantly
decreased the number of melanoma tumors in the spleen but not in
the liver. Adoptive transfer experiments confirmed the critical role of
human CD33+ myeloid cells in metastatic colonization and these
cells displayed STAT-3-driven transcriptional profiles.
Conclusions
Thus, our model enables mechanistic and pre-clinical studies for the
development of novel treatment strategies targeting human-specific
molecular pathways controlling melanoma dissemination.
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Background
Tumors that localize in brain, including primary cancers and brain
metastases, typically contain infrequent lymphocytic infiltrates. The
paucity of tumor infiltrating lymphocytes (TILs) in brain tumors (BTs)
presents a challenge for current immunotherapies reliant on TIL re-
activation or lymphocyte (T cell) delivery. In emergent view, TILs are
hailed by various types of tumor-associated myeloid cells, which can
originate either from the organ’s tissue-resident macrophages, or
from bone marrow sources. In healthy brain, the myeloid compart-
ment is dominated by the resident microglia, whereas extracranial-
derived myeloid cell subsets are rare outside of brain inflammation.
However, the basis of TIL recruitment to brain tumor (BT) sites, or
lack thereof, remains unclear.
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Methods
We investigated TIL dynamics in BTs using longitudinal skull window
multiphoton microscopy in multi- reporter mouse strains. Cyan fluor-
escent brain metastases were induced by infusing, into the carotid
artery, syngeneic MCA205 (sarcoma), LLC (lung adenocarcinoma) or
B16F10 (melanoma) cells, and GL261 glioblastoma was deposited dir-
ectly into the brain. Endogenous T cells (hCD2-DsRed) were co-
imaged with the microglia and monocytes and/or dendritic cells
(CX3CR1-GFP and CD11c-YFP). We further distinguished the micro-
glia, monocytic and dendritic cell subsets using three-color myeloid
reporter mice (CX3CR1-GFP/CD11c-YFP/CCR2- RFP).
Results
Present in various densities across BT models, TILs were accompanied
by myeloid cells expressing the fractalkine receptor CX3CR1, which is
expressed predominantly on the microglia and monocytes or
monocyte-derived cells. Fractalkine (CX3CL1) was upregulated on BT-
juxtaposed neurons and CX3CR1-expressing monocytes adhered to
and scanned the local vasculature. TILs were decreased, and their
motility aimless, in mice lacking CX3CR1, resulting in increased BT
growth. However, the TIL’s spatial and temporal densities correlated
with dendritic-form cells expressing high levels of CD11c (DCs), ra-
ther than CD11c-negative monocytes or microglia. TIL migration was
confined around CD11c-high DCs and the confinement radius was
tighter, in coincidence with cancer cell killing, in tumors undergoing
T-cell mediated immune rejection, compared with BTs that were pro-
gressing. Depletion of CD11c cells from mice with established BTs
led to a rapid abandonment of BTs by the TILs, whereas infusion of
(CD11c-negative) monocytes into the blood gave rise to intratumoral
CD11c-high dendritic cells, which could attract TILs.
Conclusions
Our results identify the patrolling monocytes and their development
into intratumoral DCs as critical cellular mediators of the adaptive im-
mune surveillance of tumors in brain. Moreover, our results establish
a proof of principle for the use of monocyte adoptive cell transfer as
a potential therapeutic strategy for instilling BTs with TILs.
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Background
Immune checkpoint inhibitors (ICIs) have now become standard of
care treatment for many malignancies. ICIs are associated with
unique immune mediated adverse events (irAEs) due to dysregula-
tion of immune activation. As treatment with ICIs is becoming more
common, rare irAEs are also being recognized. Here we report a case
of ICI- induced celiac disease.
Methods
N/A
Results
A 74-year-old Caucasian female with metastatic renal carcinoma re-
ceived second line nivolumab (anti-PD1 antibody) after initial disease
progression on sunitinib. Ipilimumab was added after she failed to
respond to six cycles of nivolumab monotherapy. One week after her
first cycle of combo treatment, she presented with nausea, vomiting,
grade 1 diarrhea, and weight loss. She underwent endoscopy, which
showed bile stasis in the stomach, normal appearing stomach
mucosa, and non-bleeding erythematous mucosa in the duodenal
bulb. Stomach biopsy showed moderate active chronic gastritis. Duo-
denal biopsy showed moderate chronic active duodenitis with focal
neutrophilic cryptitis, mucosal erosions, villous atrophy, mildly in-
creased intraepithelial lymphocytes, and moderate chronic inflamma-
tion in the lamina propria pathognomonic of celiac disease.
Symptoms improved with gluten-free diet, twice-daily omeprazole
and anti-emetics and she was able to continue on treatment.
Conclusions
There has been only one published case reporting ICI-induced celiac
disease.[1] Our case report highlights a rare irAE (celiac disease) asso-
ciated with ICI treatment. It is unclear whether the patient had previ-
ously undiagnosed celiac disease or whether ICIs triggered her
enteritis. Our patient was able to continue treatment with ICIs with
dietary modifications, suggesting correct diagnosis is critical for opti-
mal patient outcome.
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Background
Identifying targets in the tumor microenvironment (TME) that act as
barriers to an effective anti-tumor immune response has become an
area of intense investigation. In the current study, we established
EphB4-ephrin-B2 signaling as a key pathway that regulates both in-
nate and adaptive arms of the immune system. Eph receptor tyrosine
kinases and their membrane-bound ephrin ligands have been impli-
cated in human malignancies and in immune cell development, mi-
gration, and activation in inflammatory models. However, direct
evidence that supports the role of Eph-ephrin interaction in cancer-
related immune response is lacking. We hypothesized that EphB4-
ephrin-B2 interaction regulates TME by sustaining immunosuppres-
sive cells-Tregs and TAMs thus negatively impacting the functional
ability of CD8 T cells.
Methods
We used orthotopic models of head and neck squamous cell carcin-
oma to determine the role of EphB4-ephrin-B2 interaction in tumor
immune microenvironment. Mice were treated with control agent or
an EphB4-ephrin-B2 blocker in the absence or presence of radiation
(RT). Tumor immune cell infiltrates were analyzed using mass cytom-
etry and flow cytometry applications. ELISA or multiplex cytokine
array were utilized to determine circulating cytokine/chemokine
levels in plasma.
Results
We observed that inhibition of EphB4-ephrin-B2 signaling in vivo sig-
nificantly reduced tumor growth and decreased the infiltration of
Tregs, TAMs, and increased infiltration and activation of Teffector
cells, without affecting CD4 T cell numbers. This was correlated with
decreased Treg proliferation and activation when EphB4- ephrin-B2
signaling is inhibited. Since RT remains the mainstay in treatment of
head and neck squamous cell cancer (HNSCC) patients, we combined
EphB4-ephrin-B2 inhibitor with RT in our tumor model and observed
further increase in CD8 and CD4 T cell infiltrates and activation sta-
tus, and a significant decline in circulating IL-10 and TGF-β1 levels
compared to the control group. A significant reduction of TAMs, fa-
voring a polarization towards an anti-tumoral M1 phenotype, was
also observed in EphB4-ephrin-B2 inhibitor+RT group. We also
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compared the efficacy of combining EphB4-ephrin-B2 inhibitor with
RT to anti-PDL1+RT in an in vivo model known to develop resistance
to anti-PDL1+RT therapy. Our data demonstrated that combining
EphB4-ephrin-B2 inhibitor with RT was equally effective to that of
anti-PDL1+RT in terms of anti-tumor growth response.
Conclusions
Our study provides the first insight into a novel role for EphB4-
ephrin-B2 interaction in modulating tumor immune microenviron-
ment in HNSCC. Our findings present a potential alternative in the
form of EphB4-ephrin-B2 targeted therapeutics that can be tested in
clinical trials in combination with RT for HNSCC patients.
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Background
A driving factor in pancreatic ductal adenocarcinoma (PDAC) treat-
ment resistance is the tumor microenvironment, which is highly im-
munosuppressive. One potent immunological adjuvant is radiation
therapy (RT). Radiation, however, has also been shown to induce im-
munosuppressive infiltration, which can contribute to tumor progres-
sion. Another negative effect is the potential contribution to
formation of fibrotic tumor stroma. To capitalize upon the immuno-
genic effects of radiation and obtain a durable tumor response, radi-
ation must be rationally combined with targeted therapies to
mitigate the influx of immunosuppressive cells and fibrosis. One such
target is ephrinB2, which is overexpressed in PDAC and correlates
negatively with prognosis. Based upon previous studies of ephrinB2
ligand-EphB4 receptor signaling, we hypothesized that inhibition of
ephrinB2-EphB4 combined with radiation would regulate the micro-
environment response post radiation, leading to increased tumor
control in PDAC.
Methods
Immunocompetent C57BL/6 and immune compromised athymic
nude mice were injected subcutaneously with either a patient de-
rived xenograft (PDX) tumor, PANC 272, or a mouse pancreata de-
rived cell line (FC1242) and randomized into PBS, B11 (an inhibitor of
ephrinB2-EphB4 interaction), RT and B11+RT groups. Depletion stud-
ies were conducted using anti-IgG or anti-CD35 antibodies. To deter-
mine tumor immune cell infiltration, tumors were subjected to flow
cytometric analysis. Plasma samples were subjected to ELISA to de-
termine circulating TGFβ1 levels in control and treatment groups. Fi-
brosis was quantified following Masson’s Trichrome staining and
PicroSirius Red staining.
Results
Our data show that combining ephrin-B2-EphB4 inhibitor with RT sig-
nificantly reduces regulatory T-cell and neutrophil infiltration, TGFβ1
secretion, and stromal fibrosis, enhancing effector T-cell activation
and decreasing tumor growth. Further, our data demonstrate that
depletion of regulatory T-cells in combination with radiation reduces
tumor growth and fibrosis as demonstrated by Masson’s Trichrome
staining and PicroSirius Red staining.
Conclusions
These are the first findings to suggest that in PDAC, ephrinB2-EphB4
interaction has a profibrotic, pro-tumorigenic role, presenting a novel
and promising therapeutic target.
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Background
The tumor suppressor p53 is one of the most pursued targets in on-
cology, playing a central role inducing cell cycle arrest, apoptosis and
senescence in response to cellular stress and oncogenic signals. In
addition to its intrinsic anti- tumor activity in cells, p53 activation can
induce anti-tumor immunity and plays an important role in the regu-
lation of innate and adaptive immunity. Therefore, p53-reactivating
agents in combination with immune checkpoint blockade (ICB) may rep-
resent a powerful approach to optimize the body’s immunological re-
sponse against cancer. ALRN-6924 is an α-helical stapled p53 peptide
currently in clinical testing that has demonstrated anticancer activity as
monotherapy [1]. In this study, we investigated whether p53 reactivation
with ALRN-6924 can be leveraged as new combination partner for ICB.
Methods
Peripheral blood mononuclear cells (PBMCs) were stimulated with
ALRN-6924 ex vivo for 24 hr. Gene expression and cytokine levels
were measured using a validated TaqMan assay (ThermoFisher) and
the Human XL Cytokine Array Kit (R&D Systems). Immune profiles
from pre- and post-treatment tumor biopsy samples were evaluated
by NanoString PanCancer IO360 and Immune Profiling RNA gene ex-
pression panels. Immunophenotyping of PBMCs was done by flow
cytometry. Efficacy and immune cell profile (determined by flow cy-
tometry and IHC) were evaluated in CloudmanS91 and MC38 syngen-
eic murine tumor models following treatment with ALRN-6924 alone
and in combination with anti-PD-1 or anti-PD-L1, including re-
challenge studies to test for immunological memory.
Results
Ex vivo stimulation of PBMCs with ALRN-6924 promotes transcriptional
activation of genes involved in innate and adaptive immunity, and the
production of immune-stimulating cytokines including INF-γ, IL-6 and IL-
12. mRNA analysis of pre- and post- treatment tumor biopsies from pa-
tients treated with ALRN-6924 revealed a differential gene expression
pattern consistent with conversion to an inflamed tumor phenotype. In
syngeneic mouse models, ALRN-6924 was sufficient to promote infiltra-
tion of CD8+ T cells, polarization of M1 macrophages in mouse tumors
and immunological memory. Moreover, ALRN-6924 synergizes with anti-
PD-1 and anti-PD-L1 to induce anti-tumor immunity resulting in an in-
creased number of mice achieving complete regressions (CR), in both
p53 wild-type and mutant tumors, compared to single agents.
Conclusions
Reactivation of p53 with ALRN-6924 enhanced the effects of ICB ther-
apy in mice. Furthermore, the present study suggests that ALRN-
6924 modulates anti-tumor immunity in p53 wild type, and p53 mu-
tant tumors, possibly via tumor cell extrinsic effects in the tumor
microenvironment.
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Background
Activation of immune checkpoint pathways in Acute Myeloid
Leukemia (AML) may interfere with effective T-cell anti-tumor im-
munity, and is associated with immune evasion in pre-clinical
leukemia models as it has been demonstrated. [1,2] It was previously
reported that overexpression of CTLA4 and PD-1 is associated with
more aggressive leukemia and progression from MDS to AML or AML
relapse. While PD-1/PD-L1 blockade therapy can be effective as can-
cer immunotherapy, interruption of PD-1/PD-L1 interactions alone
does not completely restore T cell function in some patients indicat-
ing the involvement of additional negative regulatory pathways, such
as Tim- 3/Gal-9, in T cell exhaustion. Immune checkpoint pathways
active in Acute Myeloid Leukemia (AML) patients, especially during
the course of remission induction chemotherapy, have not been well-
studied. We characterized these pathways in newly diagnosed AML pa-
tients enrolled in a phase I dose escalation trial that combined Seli-
nexor a Selective Inhibitor of Nuclear Export (SINE) with high-dose
cytarabine (HiDAC) and mitoxantrone (Mito) (NCT02573363) as induc-
tion therapy.
Methods
Multi-parameter flow-cytometry was performed on bone marrow
specimens at diagnosis and following remission induction therapy in
26 patients with AML enrolled to the study to monitor the changes in
expression of immune checkpoint receptors. Expression of CD47, PD-
L1, PD-L2 and Gal-9 was assessed on CD34+ AML blasts and CD34- cell
populations. In parallel, expression of inhibitory (PD1, CTLA4, LAG3,
TIM3) and stimulatory co- receptors (CD28, ICOS, CD137, OX40, CD40L,
HLA-DR) on CD4+ and CD8+ T cell subsets were evaluated. The positiv-
ity and frequency of parent in percentage of each markers was gauged
by comparing with their FMO controls. Samples were analyzed using
LSR Fortessa or LSRII Cytometers. The Mann Whitney Test, Spearman’s
rank correlation and Runs Test analysis were applied. For all analyses, P-
values <0.05 were considered statistically significant.
Results
The percentage of CD34- Gal9+ cells was significantly higher and
was positively correlated with higher numbers of TIM-3-expressing T
cells at the time of diagnosis in patients who experienced treatment
failure (TF) after chemotherapy, compared to those in complete re-
mission (CR). When comparing TIM-3 expression on CD4+ and CD8+
T cells in pre-treatment (diagnosis) to post induction therapy sam-
ples, the magnitude of increase measured by median fluorescence
intensity (MFI) inversely correlated to response to therapy with in-
crease TIM-3 MFI of > 50% in patients with TF.
Conclusions
This study provides preliminary evidence to support a rationale for
incorporating antibodies against the Gal9/TIM3 pathway during and/
or following remission induction therapy for AML.
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Background
Platinum-based doublet chemotherapy plus anti-PD1 immunother-
apy is a new standard of care for the treatment of advanced NSCLC
patients. It is known that DNA damage can activate antitumor im-
mune responses in cancer through release of cytosolic DNA leading
to Stimulator of Interferon Genes (STING) pathway activation, produc-
tion of neo-antigens, and release of pro-inflammatory cytokines. Our
group has previously demonstrated that mesenchymal tumors with
high EMT scores have the highest expression of targetable immune
markers (1). However, the underlying mechanism of how platinum-
based chemotherapy modulate the immune microenvironment is far
from being fully understood in NSCLC. The aim of this study is to elu-
cidate the effect of platinum-based chemotherapy on anti-tumor im-
mune response and identify novel biomarkers to aid patient
selection for chemotherapy and immunotherapy combination clinical
trials.
Methods
We analyzed transcriptomic and proteomic expression of immune
markers in NSCLC samples from two clinical datasets (MDACC-PRO-
SPECT, n= 209) and The Cancer Genome Atlas (TCGA, n=1016). We
also treated NSCLC cell lines with cisplatin to investigate its effect on
DNA damage and changes in immune markers expression by west-
ern blot and Reverse-Phase Protein Array (RPPA analysis).
Results
Treatment with cisplatin increased DNA damage (increased γH2AX),
and significantly upregulated PD-L1 and STING pathway protein ex-
pression in a panel of NSCLC cell lines.In the TCGA cohort, immune
checkpoints and inflammatory cytokines mRNA expression is highly
coordinated and positively correlated with EMT genes. In the TCGA
lung adenocarcinoma (LUAD, n=515) cohort, high expression of ef-
fector chemokines (CXCL10, CCL5) and mediators of STING pathway
(TBK1, TMEM173) were associated with high levels of CD274 (PD-L1)
and other targetable immune markers (LAG3, IDO1, PDCD1LG2,
CTLA4). These findings were further validated both in lung squamous
(LUSC) TCGA and the PROSPECT cohorts (LUAD and LUSC). Interest-
ingly, in the LUAD TCGA cohort, smoking status (another source of
DNA damage) was significantly correlated with higher expression of
STING and other immuno-modulatory genes, and EMT signature.
Conclusions
Our results demonstrate that in treatment naïve-NSCLC tumors, ex-
pression of PDL1 and other targetable immune markers correlate
with expression of STING, EMT, smoking status and DDR pathway
genes, and that treatment with cisplatin further enhances the im-
munogenicity of tumors through activation of the STING pathway in
NSCLC cells. Our findings identify a novel mechanism by which cis-
platin activates an innate immune response pathway in NSCLC. Fur-
thermore the results identify potential biomarkers (EMT, smoking
status, DDR protein expression) for patient selection in clinical trials.
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Background
Diffusing alpha emitters Radiation Therapy (DaRT) is a novel brachy-
therapy treatment for solid tumors. DaRT seeds disperse short-lived
alpha-emitting atoms in a therapeutically-significant range, which dif-
fuse inside the tumor and destroy a sizeable part of it. Thus, for the
first time, an efficient and safe method for treating the entire solid
tumor by highly destructive alpha radiation is used. In situ tumor ab-
lation is known to release tumor antigens and damage associated
molecular pattern molecules (DAMPs) that lead to the induction of
systemic anti-tumor immunity. Indeed, we previously reported that
in the breast cancer carcinoma mice model DA3, DaRT-treated mice
showed increased survival rates, and reduced rates of lung metasta-
ses and of primary- or challenged- tumor development. Here we
aimed to boost the anti-tumor immune response induced by DaRT,
locally and systematically, and to investigate the specificity of the
response.
Methods
Mice breast (4T1) and colon (CT26) tumors, implanted subcutaneously,
were treated with DaRT seeds with/without immunomodulatory agents.
Immunomodulatory agents studied are the immunoadjuvants polyIC,
CpG, and XS15, the MDSC inhibitor sildenafil, and the Treg inhibitor
cyclophosphamide. Non-radioactive seeds (inert) served as control.
Local- and systemic- responses were determined by tumor progression,
host survival, response to challenge and lung metastasis. The specificity
of the immune response was studied by Winn Assay and tumor chal-
lenge to cured tumor-bearing mice.
Results
It was found that in the CT26 colon cancer mice model: (1) combin-
ing DaRT with polyIC, CpG or XS15 significantly reduced tumor pro-
gression and prolonged survival. (2) Complete response was
achieved when using DaRT combined with CpG and immune sup-
pressor cells inhibitors. (3) Cured mice became resistant to CT26 cells
but not to DA3 (breast cancer) cells. (4). Splenocytes from CT26 bear-
ing mice cured by DaRT specifically reduced CT26 but not DA3 tumor
take in naïve mice. In the triple negative breast cancer model, 4T1,
treating the primary tumor with polyIC, prior to DaRT treatment, re-
duced tumor progression and eliminated lung metastases.
Conclusions
DaRT is currently tested under clinical trials in squamous cell carcin-
oma patients showing effective tumor control without adverse ef-
fects. The current results provide strong evidence for the induction
of a specific- and systemic- immune response against tumor antigens
following DaRT treatment. We propose DaRT as a safe and efficient
novel strategy, not only for tumor ablation, but also for in situ vaccin-
ation of cancer patients.
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Background
Many cytotoxic chemotherapy drugs, including the breast cancer
standard of care drug cyclophosphamide (CPA), can induce
immunogenic cell death when administered at medium-dose and
intermittent (MEDIC) schedule [1]. Adaptive and innate immune re-
sponses generated in this manner can greatly potentiate chemother-
apy drug efficacy and generate tumor-specific long-term immune
memory. Cancer cells have also been shown to up-regulate type-1
interferon (IFNα/β) signaling in response to many chemotherapy
drugs. Here we set out to elucidate the effects and mechanisms of
immune activation in a breast cancer preclinical model using a
MEDIC schedule of CPA.
Methods
We used an in-vitro IFN-based biomarker strategy to identify breast
cancer models that can induce immunogenic responses following
treatment with 4-hydroperoxy cyclophosphamide (4HC), a chemically
activated form of CPA. Sub-lethal concentrations of 4HC were estab-
lished by MTS assay and used to study induction of interferon- stimu-
lated genes by qPCR in five breast cancer cell lines: 4T1, E0771, Emt6,
Py230 and MCF7. Anti-IFN receptor- 1 antibody was used to verify
the role of IFNα/β in 4HC-induced interferon-stimulated gene induc-
tion. CPA- induced immune activation was also evaluated in a syn-
geneic mouse tumor model. Mice with orthotopic tumors implanted
in the 4th mammary fat pad were treated with a MEDIC schedule of
CPA and tumor progression was monitored. Effects of drug treatment
on IFN signaling and immune cell infiltration into the tumor compart-
ment was evaluated by marker gene expression.
Results
Screening results revealed sub-lethal concentrations of 4HC signifi-
cantly induced multiple interferon-stimulated genes, including Cxcl10
(~8 fold), Igtp (~15 fold) and Mx1 (~20 fold) in 4T1 breast cancer cells.
In contrast partial to minimum induction was seen in E0771, Emt6,
Py230 and Mcf7 cells. Further, anti-IFN receptor-1 antibody blocked >
90% of 4HC-induced interferon-stimulated gene induction in 4T1 cells.
Conditioned media from 4HC- treated 4T1 cells also stimulated IFNα/β
signaling in drug-naive recipient 4T1 cells. Finally, in syngeneic mouse
tumor models, MEDIC CPA scheduling significantly reduced tumor pro-
gression resulting in tumor stasis. Diminished tumor growth kinetics
was accompanied by significant increases in expression of interferon-
stimulated genes and cytolytic enzymes in the tumor compartment.
Conclusions
Breast cancer cell autonomous activation of type-1 IFN signaling and
downstream gene induction is activated in a syngeneic 4T1 breast
cancer model treated with a MEDIC CPA regimen. Mechanistic fea-
tures of this pathway, involving autocrine and paracrine type-1 IFN
signaling loop, were characterized in-vitro. Studies assessing key im-
mune players and their role in anti-tumor responses are in progress,
and will be presented.
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Background
Radiation and co-stimulatory ligands or checkpoint inhibitors have
demonstrated improved anti-tumor immunity and overall survival in
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preclinical animal studies. However, the results of human trials sug-
gest we have not yet found the optimal combination. Here we dem-
onstrate upregulation of ICOS expression on T cells following focal
tumor radiation and test the hypothesis that ICOS agonism in com-
bination with radiation will enhance the immunologic effect of radi-
ation resulting in increased survival.
Methods
BALB/c mice bearing CT26 tumors or C57BL/6 mice bearing Panc02
tumors were treated at d14 with 20Gy CT guided radiation therapy
and anti-ICOS antibody or isotype control antibody was adminis-
trated i.p. Mice were followed for overall survival to 100 days post
implantation. Animals were euthanized when tumors reached 1.2cm
in greatest diameter. Flow cytometry was performed using a T cell
panel on fresh whole blood, PBMC, or tumor infiltrating immune
cells.
Results
24 hours following 20Gy focal radiation to a CT26 tumor there was a
significant increase in the percent of circulating CD4 Treg that ex-
press ICOS in the blood (27.42% vs 18.02%, p<0.0001, n=5/group).
Similarly, 7 days following radiation there was an increase in non-
Treg CD4 cells expressing ICOS in the blood (7.73% vs 3.68%,
p<0.0001, n=5/group) and the tumor (62.16% vs 34.04%, p=0.004,
n=5/group). ICOS expression was also increased on CD8 T cells in ir-
radiated tumors (25.34% vs 14.02%, p=0.007). In mice bearing CT26
tumors, ICOS agonist antibody was administered prior to, concurrent
with, or 7 days post radiation. Concurrent administration was associ-
ated with the most significant increase in survival (50%) when com-
pared to isotype control (0%), ICOS agonist antibody alone (10%), or
radiation plus isotype (0%). In the less immunogenic Panc02 tumor
model, no survival benefit was seen with radiation and ICOS therapy.
However in the same model, dual PD-1 antagonism and ICOS agon-
ism plus radiation led to a significant increase in survival when com-
pared to all other combinations, with an increase in median survival
from 46 days to 68 days, p=0.01 compared to radiation alone and
was associated with a 25% long term survival.
Conclusions
ICOS is upregulated on T cells following radiation and targeting ICOS
in combination with radiation is associated with improved survival.
Timing appears important as the benefit is optimal when ICOS agon-
ism is delivered concurrent with radiation rather than preceding or 7
days post-radiation. In poorly immunogenic tumors, addition of PD-1
antagonism to the combination can lead to improved survival.
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Background
The purpose of this preclinical study is to determine whether highly
preferential delivery of T cells into the pancreas can be achieved
while minimizing systemic exposure and avoiding systemic and pan-
creatic inflammation using the Surefire® Retrograde Venous-Pressure
Enabled Drug Delivery (RV-PEDD) method and device, as compared
to systemic venous infusion (SVI).
Methods
Healthy human donor CAR-T cells (Sorrento Therapeutics) or unmodi-
fied activated T cells were transferred into 10 normal adult swine by
either (a) SVI (n=5) or (b) RV-PEDD via trans-hepatic access into pan-
creatic veins (n=5). Samples of peripheral blood (PB) were obtained
at 15, 30, and 120 minutes after infusion. Serum was analyzed for
porcine tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6)
by enzyme-linked immunosorbent assay (ELISA) as indices of sys-
temic inflammation, whereas circulating CAR-T were quantified using
flow cytometry. Liver and pancreatic tissues were harvested for hist-
ology, immunofluorescence (IF) of human CD3, and determination of
human CD3 mRNA expression via qPCR.
Results
After SVI, the donor CAR-T cell fraction among circulating mono-
nuclear cells was 13.7% at 15 minutes, 31.7% at 30 minutes, and
20.5% at 120 minutes, versus RV-PEDD that yielded 1.8% detection at
15 minutes, and undetectable cells at 30 and 120 minutes. With SVI,
IF found substantial accumulation of donor CAR-T cells in PB and
minimal pancreatic staining, as opposed to RV-PEDD infusion where
substantial pancreatic accumulation and minimal PB staining had oc-
curred (Figure 1). qPCR analysis of pancreatic tissues from RV-PEDD
specimens revealed a 147-fold increase in CAR-T penetration, as com-
pared to SVI. Alternatively, analysis of PB following SVI revealed a 61-
fold increase in systemic exposure with negligible detection in the
pancreas. Histologically defined pancreatic inflammation was not evi-
dent in any animal after RV-PEDD (Figure 2). Systemic inflammation,
based on TNF-α and IL-6 levels, was not evident within 2 hours after
RV-PEDD infusion, whereas pronounced increases of TNF-α and IL-6
levels were observed with systemic infusion.
Conclusions
RV-PEDD was associated with efficient and specific delivery of donor
T cells into porcine pancreas compared to systemic infusion. RV-
PEDD did not result in significant systemic exposure nor induce pan-
creatic or systemic inflammation. These data support clinical testing
of Surefire® RV-PEDD technology to improve the therapeutic index
with selective delivery of cellular therapeutics into the pancreas.
Ethics Approval
The study was approved by the T3 Labs IACUC on 6/15/16, with
amendments on 11/17/16, 2/24/17.
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Background
Manipulation of immune checkpoints has emerged as an important
form of cancer immunotherapy [1,2]. However, a large number of pa-
tients do not respond or develop resistance to checkpoint blockade,
and treatment-related toxicities can be limiting. The tumor suppres-
sor p53 exerts anti-tumor activity by inducing apoptosis, but also par-
ticipates in the regulation of cellular immune responses [3.4]. We
have investigated the potential of TP53 gene therapy to augment
cancer immunotherapy by combining an anti-PD1 antibody with
SGT-53, an investigational nanomedicine that targets tumors and car-
ries a plasmid encoding human wild-type p53 (Figure 1). SGT-53 is
now in Phase II clinical trials [5,6].
Methods
We utilized mouse syngeneic tumor models that are relatively resistant
to immunotherapy including an aggressive metastatic breast cancer
(4T1), a non-small cell lung carcinoma (LL2), and a glioblastoma (GL261).
Anti-tumor efficacies of an anti-PD1 antibody alone, SGT-53 alone or the
combination of these agents were compared [7]. A number of markers
with relevance to immune responses or tumor-induced immunosuppres-
sion were assessed by FACS or gene expression profiling.
Results
In all syngeneic models, SGT-53 increased tumor apoptosis and ren-
dered the tumors immunologically “hot”. SGT- 53 plus anti-PD1 inhib-
ited growth more than either single agent (Figure 2). The
combination therapy dramatically reduced lung metastases by 4T1
breast tumors, while the anti-PD1 alone was ineffective. Based on
relevant markers, SGT-53 treatment increased tumor immunogenicity,
enhanced both innate and adaptive immune responses, and reduced
tumor-induced immunosuppression. In mice bearing 4T1 tumors, in-
jections of the anti-PD1 antibody killed the mice before tumors were
themselves fatal. Addition of SGT-53 to the treatment regimen allevi-
ated this fatal xenogeneic hypersensitivity to the anti-PD1 and ex-
tended the lives of 4T1-bearing mice (see Figure 3). We have
identified genes that potentially underlie these observations.
Conclusions
Collectively, our data indicate that restoring p53 function via SGT-53
is able to boost anti-tumor immunity to enhance anti-PD1 immuno-
therapy by sensitizing tumors while reducing immune-related ad-
verse events. Our data suggest that SGT-53, representing tumor-
targeted TP53 gene therapy, has potential to augment immune
checkpoint blockade agents while minimizing toxicity to improve
outcomes in a variety of malignancies. Our data provide a strong
mechanistic rationale for combining the investigational agent SGT-53
with checkpoint blockade agents in a clinical trial setting. It is pos-
sible that the SGT-53 would not only improve outcomes for cancer
patients who already respond to immunotherapy, but also increase
the percentage responding while minimizing adverse events related
to the immunotherapy.
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Background
The interaction of tumor and host derived stroma is a complex
process involving enzymes including matrix metalloproteinases
(MMPs), specifically MMP2 / 9 [1]. The lack of efficacy from small mol-
ecule inhibitors to MMPs [2,3] and new approaches of macrophage
mediated drug delivery strategies [4], propelled us to test the contri-
butions of intrinsic tumor cell vs host stroma in the recruitment of
macrophages in-vivo. We tested the hypothesis that drug delivering
peptides that target the tumor-immune interplay have improved
therapeutic efficacy and specificity.
Methods
Cy5:Cy7 FRET based ratiometric activatable cell penetrating peptides
(RACPPs) were used to image syngeneic WT and MMP2/9 KO Poly-
oma middle T (PyMT) orthotopic tumors in C57/Bl6 WT and KO
mouse models. The excised tumors were stained F4/80 pan-
macrophage antibody markers. ACPP carrying the tumor radiosensiti-
ser monomethyl auristatin E (MMAE) along with Beta integrin target-
ing moiety cRGD was injected in syngeneic lung tumor cell line (LL2)
implanted in immune compromised athymic Nu/Nu mice and im-
mune competent C57/Bl6 mice. The amount of released MMAE drug
was analyzed in tumor vs surrounding normal tissue by LC-MS.
Results
The normalized Cy5/Cy7 ratio for the WT tumors established in WT
mice (1.87 ± 0.11) was significantly higher than the ratio for the DKO
tumors in WT mice (1.34 ± 0.07; p <0.003) or the DKO tumors in DKO
mice (1.20 ± 0.08; p < 0.0002) (Figure 1A, 1B). As expected, the ma-
jority of the immune infiltration was at the periphery of the tumor
with WT tumor having a significantly greater ability to recruit host
macrophages into the tumor than DKO tumor cells (Figure 1C-1F). At
24 h, biodistribution measurements of released MMAE drug, revealed
a higher tumor/muscle ratio of delivered drug (14 fold) in immune
competent mice compared to immune-deficient mice(Figure 1G, 1H).
Conclusions
Interestingly, genotype tumor cells was more important than the
host stromal component in promoting MMP-2/-9 activity in the tu-
mors in this model system. Importantly, exploiting drugs that inhibit
macrophage recruitment into tumors [4] and harnessing macrophage
mediated drug delivery [5,6] in the tumor extracellular matrix may
prove superior in eradicating tumors. In summary, our novel RACPP-
drug conjugates can selectively localize to tumors and where they
can be cleaved both by tumor cells and tumor-associated
macrophages to provide improve the therapeutic index of systemic-
ally administered drugs [6,7].
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Background
Antibodies can play an important role in both innate and adaptive
immune responses against cancer. We present a study that identifies
possible new targets for antibody-based immunotherapy. We have
developed a peptide array to assess potential protein-targets for anti-
bodies that are activated in melanoma-cured mice through a com-
bined immunotherapy regimen. By using Roche-Nimblegen’s unique
technology, we were able to test antibody-reactivity to ~650 pro-
teins, using 12 separate serum samples per array chip. This technol-
ogy will enable us to accurately determine the linear peptide-binding
sequences recognized by the anti-tumor antibodies produced in
cured mice.
Methods
Mice bearing large GD2-expressing B78 melanoma tumors were
treated with a triple-combination of immunotherapy capable of indu-
cing an “in situ vaccine” effect, enabling mice to be cured of their tu-
mors with long-term immune memory [1,2]. This triple combination
therapy includes external beam radiation to the tumor, intratumoral
injection of a tumor-specific immunocytokine (anti-GD2 mAb linked
to IL2) and anti-CTLA-4. Serum was collected from mice when mice
had macroscopic tumors, as well as after mice were cured of large
tumors and rejected a re-challenge with the same tumor type. Using
flow cytometry, mouse serum was tested for antibody- binding
against B16 (parental cell line of B78). Afterwards, the serum was
used on a Roche-Nimblegen peptide-array to determine specific
antibody-protein binding sites and affinity towards the tumor.
Results
We analyzed sera from 4 mice that rejected established B78 tumors
with this combination immunotherapy and compared their early-
tumor and post-rejection serum antibody binding. We also included
serum from mice bearing large tumors and analyzed the data gener-
ated by assessing differential expression in mice that rejected tumors
vs mice that had large tumors or serum from naïve mice. Flow results
showed increased signal after treatment. Multiple proteins of interest
were selectively identified on the peptide array with sera from the 4
mice that rejected their tumors. We are continuing to investigate
these proteins.
Conclusions
We were able to identify murine proteins that were selectively recog-
nized by antibodies in mice that were cured of a tumor with im-
munotherapy but not by sera from to mice that were not cured of
the same tumor or sera from naïve mice. The identified candidates
may be new targets for antibody-based therapies, for adaptive recog-
nition and could help in the development of new treatments.
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Background
High Grade Serous Carcinoma of the ovary (HGSC) is mostly diag-
nosed at late stages and primarily treated with surgery followed by
platinum/taxane-based chemotherapy. Unfortunately, majority of the
patients exhibit resistance to chemotherapy and ultimately succumb
to the disease. We previously demonstrated that chemotherapy naïve
HGSC patient tumours with early recurrence show an immunosup-
pressed or immunologically cold pre-existing tumour immune micro-
environment with decreased expression of genes involved in Type I
Interferon (IFN1) and T helper type 1 response. We also reported the
efficacy of a novel “Stimulator of Interferon Genes” agonist in com-
bination with carboplatin chemotherapy and PD-1 immune check-
point blockade using the ID8-Trp53-/- immunocompetent mouse
model of HGSC. Based on previous reports on the distinct immuno-
genic cell death inducing potential of carboplatin and doxorubicin
and that HGSC patients are treated with liposomal doxorubicin as a
second line chemotherapy, the current study was performed to de-
termine whether the effect of STING agonist can be further enhanced
using a specific chemotherapy drug.
Methods
ID8-Trp53-/- and ID8-Trp53-/-;Brca1-/- cells were implanted in C57/
BL6 immunocompetent mouse model of HGSC. At four-week time
point established tumours were treated with carboplatin or doxorubi-
cin chemotherapy followed by STING agonist treatment. Immune
profiling was performed at early mid and late time points by measur-
ing systemic responses in splenic immune cells, plasma cytokine pro-
files and tumour immune transcriptomic profiling. Overall survival
was measured as per our previously established protocols.
Background
High Grade Serous Carcinoma of the ovary (HGSC) is mostly diag-
nosed at late stages and primarily treated with surgery followed by
platinum/taxane-based chemotherapy. Majority of the patients ex-
hibit resistance to chemotherapy and ultimately succumb to the dis-
ease. Contemporary immunotherapies targeting the PD-1/PD-L1
immune checkpoints have not proven be efficacious in HGSC pa-
tients. Based on our patient tumour based findings [1] that chemo-
therapy naïve HGSC patient tumours, with early recurrence and
resistant to chemotherapy, show an immunologically cold pre-
existing tumour immune microenvironment (TME), we conducted
pre-clinical evaluation of a novel “Stimulator of Interferon Genes”
(STING) agonist in combination with carboplatin chemotherapy and
PD-1 immune checkpoint blockade using the ID8-Trp53-/- mouse
model of HGSC [2]. This report demonstrated the potential of STING
agonists in sensitization of ovarian tumours to PD-1 immune check-
point blockade therapy, for ovarian cancer patients. Given the dis-
tinct immunogenic cell death (ICD) inducing potential of carboplatin
and doxorubicin and that HGSC patients are treated with liposomal
doxorubicin as a second line chemotherapy, the current study was
performed to determine whether the effect of STING agonist can be
further enhanced using a specific chemotherapy drug.
Methods
ID8-Trp53-/- cells were implanted in C57/BL6 immunocompetent mice.
At four-week time point, established tumours were treated with carbo-
platin or doxorubicin chemotherapy followed by STING agonist treat-
ment. A custom NanoString panel of 60 known ICD associated genes
was used to measure the chemotherapy type related gene expression
changes at early time point post single or combination treatments.
Doxorubicin treated tumours showed significantly higher expression of
Cxcl10, Cd274, Isg15, Psmb9 and Calr. Addition of STING agonist to
each chemotherapy treatment showed significantly higher expression
of Cxcl10 and IsG15 in the doxorubicin + STING agonist treated mice
compared to carboplatin. Interestingly, Ccl5 gene expression was
higher in the tumours from carboplatin treated mice compared to
those treated with doxorubicin. Plasma cytokine profiles showed dis-
tinct profiles of interferon induced cytokines post treatment. Doxorub-
cin + STING agonist treated mice showed longer survival compared to
carboplatin + STING agonist treated mice.
Results
Findings from our study demonstrate that efficacy of STING agonists
can be further exemplified by selectively combining with potent ICD
inducing chemotherapy.
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Conclusions
Our study shows that clinical potential of STING agonists can be best
achieved via combining with a potent ICD inducing chemotherapy
and are key to the design of STING agonist based clinical trials.
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Background
Resistance to RT could be explained by the increased myeloid cells
and upregulation of PD-L1 on tumor and myeloid cells. As 2Gy frac-
tionated radiation therapy (RT) is the standard of care in HNSCC, pre-
clinical investigations suggest that the addition of PD-1 blockade to
RT could be clinically beneficial. Here, we investigated the immune
response in a murine model of HNSCC to fractionated irradiation
with or without PD-1 blockade.
Methods
Mice were inoculated with 2x106 murine tonsil epithelium E6/E7/H-
ras transformed head and neck cancer cells (MEER) s.c. into both the
neck and flank. Ten days following implantation, the neck tumor was
irradiated with 20 Gy in 10 fractions. Anti-PD-1 therapy began follow-
ing the initial dose of RT and continued every 3-4 days thereafter.
Tumor growth was monitored and tumor volume was determined.
Splenic and tumors tissues were collected 4 days after the final radi-
ation dose for flow cytometric analysis.
Results
The effects of conventional 2Gyx10 fractionated RT was found to be
greatly enhanced by the addition of PD-1 blockade, reducing tumor
volumes by 7.2-fold. No clear abscopal effect on the non-irradiated
flank tumor was observed. 2Gyx10 RT was better able to recruit mye-
loid and CD8+ T cells to the tumor site, an increase of 1.5-fold, as
compared to 2Gyx5 fractionation. RT was shown to upregulate PD-L1
both on CD45- tumor cells and CD45+CD11b+ myeloid cells (p<0.05).
Fractionated RT was also shown to increase CD8+ T cells activation
through the production of IFN-gamma and TNF-alpha (p<0.001).
Conclusions
Concurrent PD-1 blockade with fractionated 2Gyx10 RT could acti-
vate the anti-tumor response in mouse head and neck cancer and
warrants further investigation.
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Background
When exposed to radiotherapy (RT), nanoparticles of hafnium oxide
(HfO2-NP) increase radiation dose deposition from within the cancer
cells. HfO2-NP is intended for a single intratumor injection. Results of
phase II/III in locally advanced Soft Tissue Sarcoma patients demon-
strated a significant superiority and clinical benefits of HfO2-NP acti-
vated by radiotherapy compared to the standard of care, with a
good local tolerance among this patient’s population, validating their
first-in-class mode of action. HfO2-NP+RT is currently evaluated in six
other clinical trials including head and neck, prostate, liver and rec-
tum cancers. Moreover, preclinical studies have demonstrated that
HfO2-NP+RT can generate the abscopal effect, where RT alone can-
not. Here, we further explored the role of T cells infiltrates in the es-
tablishment of abscopal effect following HfO2-NP intratumor
injection and activation with RT.
Methods
In a first experiment, CT26 (murine colorectal cancer cells) were sub-
cutaneously injected in both flanks of BALB/c mice. Once the right
tumors reached a mean tumor volume of 115±30 mm3, they were
intratumorally injected with HfO2-NP (or vehicle) and irradiated 24
hours later with 4Gy per fraction for 3 consecutive days. Tumors from
both flanks were collected 3 days after the last RT fraction and im-
mune cell infiltrates were measured using immunohistochemistry
(IHC) and digital pathology analyses.In order to investigate the spe-
cific role played by CD8+ T cells in the antitumor immune response
and the abscopal effect, the experiment was subsequently repeated
with CD8+ T cells depletion prior treatment with HfO2-NP+RT or RT
alone (use of anti-CD8 antibody).
Results
In the first experiment, the abscopal effect was observed in the
group treated with HfO2-NP+RT only. Correspondingly, IHC analyses
showed a stark increase of CD8+ T cells infiltrates and other immune
cells in both flanks of mice with HfO2-NP+RT, while RT alone had no
significant effect.In the CD8+ T cells depletion experiment, no absco-
pal effect was observed. Besides, the control of the tumor treated
with HfO2-NP + RT was less efficient than the control of the tumor
treated with HfO2-NP+RT in absence of CD8+ T cells depletion.
Conclusions
These in vivo data suggest that the immunogenic conversion of the
tumor microenvironment induced by HfO2-NP+RT triggers the absco-
pal effect through the activation of CD8+ T cells. HfO2-NP+RT may
potentiate a pro- inflammatory environment suitable for immune en-
abling drugs: it may act as effective in-situ cancer vaccine and be
combined with immunotherapeutic agents across oncology.
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Background
Studies have shown that in some immunologically “cold” tumor models,
distant disease can suppress the effect of in situ vaccines (IS) even at the
primary site[1]. This may be overcome by delivering low dose radiother-
apy (RT) to all tumor sites; yet delivering large field RT to metastatic dis-
ease can cause systemic lymphopenia. We have developed a strategy
using a molecular targeted RT (MTRT), Y90-NM600 (YN6), that has select-
ive uptake in nearly any tumor type or location to deliver RT to all sites of
disease in a functionally “cold”metastatic tumor model.
Methods
Large (~150-200 mm3) B78 melanoma primary tumors and occult second-
ary (non-palpable at treatment) as well as B16 melanoma lung metastases
were established in syngeneic mice. Combinations of immune checkpoint
inhibition (ICI; anti-CTLA-4 and anti PD-1), IS (12 Gy RT + IT anti-GD2-mAb
+ IL2), or MTRT (50 μCi) were given [Figure 1]. Tumor growth was tracked
to day (D) 30, Survival to D60, and mice with complete response (CR) were
re- challenged with injection of B78 cells (D90) and unrelated Panc02
cells(D120). Tumor growth and survival studies were replicated in syngen-
eic 4T1 breast and NXS2 neuroblastoma models. Mechanistic studies using
T-cell depletion, whole body external beam RT (WBEBRT), histology, and
gene expression profiling were conducted.
Results
Tumor response was significantly improved with the addition of MTRT to
each group, with highest response rate in the triple combination treat-
ment group which had a CR as well as tumor specific immune memory
in 83% of mice (p < 0.05). Development of secondary tumors and distant
metastatic disease was also reduced in the triple combination treatment
group (ICI + IS + MTRT), while dual treatment groups had varying levels
of efficacy in treating primary, occult secondary, or metastatic disease
[Figure 2]. Similar response and survival was replicated in 4T1 and NXS2
models with addition of MTRT. T-cell depletion revealed a reversal of the
enhanced response seen with MTRT. Unlike MTRT, delivering WBEBRT did
not enhance efficacy of immunotherapy. QPCR of MTRT gene expression
demonstrated upregulation of STING/IFN/apoptosis pathways (Mx1/Ifnb/
PDL1/DR5/ICAM1) that were greater than that achieved with equivalent
doses of EBRT. Histological analysis of tumor samples showed significantly
increased CD8+ infiltrates in the combination treatment group (p < 0.05).
Conclusions
Our results demonstrate that MTRT can effectively stimulate and en-
hance the generation of an immune response to combination IS and
ICI immunotherapy treatments, enabling tumor eradication at pri-
mary, occult secondary, and metastatic sites of disease.
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Background
While inhibitors of the programmed death-1 and its ligands (PD-1
and PD-L1/2) are active in recurrent/metastatic (R/M) HNSCC, their
effects during curative intent therapy are unknown. Previous
translational data demonstrated that standard, high-dose CRT de-
creases circulating CD4+ and CD8+ T-cell populations while in-
creasing PD-1 expression and myeloid derived suppressor cells
(MDSCs) [1]. To overcome this suppressive immunophenotype, we
developed a clinical trial exploring the combination of the PD-1
inhibitor, pembrolizumab, with CRT using a low- dose chemother-
apy regimen. Here we present data comparing the peripheral
blood immune response during this novel therapy to standard
CRT.
Methods
We evaluated peripheral blood mononuclear cells (PBMCs) from
HNSCC patients from two clinical trials (NCT02586207,
NCT01386632) and healthy volunteers (controls) to compare the
peripheral blood immune response during CRT. Trial 1 used low-
dose cisplatin (40 mg/m2 weekly x 6 doses) with pembrolizumab
and Trial 2 used standard high-dose cisplatin (100 mg/m2 every
3 weeks x 3 doses) without PD-1 inhibition. We compared circu-
lating immunocytes, including CD4+ and CD8+ T-cells, regulatory
T-cells (T-regs), and MDSCs, utilizing multi-color flow cytometry at
baseline, during (mid-treatment) and after (3 months post-
radiation) CRT. Immune checkpoint expression (PD-1, TIM3, LAG3)
on CD4/CD8+ cells was also compared between the groups.
Changes in memory T-cell populations (effector memory; EM, cen-
tral memory; CM, and effector memory RA; EMRA) were also
evaluated.
Results
18 patient samples from trial 1 and 15 samples from trial 2 were
viable for evaluation. Comparing the two treatments, there was
no significant difference in key immunocyte populations during
therapy (Figure 1). However, there was a significant decline in
PD-1 expressing CD4+ and CD8+ T-cell populations during treat-
ment with PD-1 inhibition and low-dose chemotherapy com-
pared to standard treatment (Figure 2). Expression of other
markers of immune exhaustion (TIM3, LAG3) rise in both groups
throughout treatment. Memory T-cell populations (Figure 3)
show that the pembrolizumab-based treatment increased the
percentage of both EM and EMRA helper T-cells in contrast with
standard treatment.
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Conclusions
Our data demonstrates that the addition of a PD-1 inhibitor to a low-
dose cisplatin CRT regimen can reduce circulating PD-1+ T-cells dur-
ing therapy. However, these populations, as well as other markers of
T-cell exhaustion rise by the end of therapy and could play a role in
immune escape. Further characterization of this immune response is
needed to determine the best approach to add novel immunother-
apy agents in this treatment setting.
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Background
Radiotherapy can be synergistically combined with immunother-
apy in mouse models, extending its efficacious effects outside
of the irradiated field (abscopal effects) [1]. We previously re-
ported that a regimen encompassing local radiotherapy in com-
bination with anti-CD137 plus anti-PD-1 mAbs achieves potent
abscopal effects against syngeneic transplanted murine tumors
up to a certain tumor size. Knowing that TGFβ expression or ac-
tivation increases in irradiated tissues, we tested whether TGFβ
blockade may further enhance abscopal effects in conjunction
with the anti-PD-1 plus anti-CD137 mAb combination [2].
Methods
Mice bearing bilateral MC38 or 4T1 tumors were randomly
assigned to 6 groups receiving or not radiotherapy (8Gy/3fx), in
combination or not with intraperitoneal antibodies (anti-PD1 plus
anti-CD137 and/or anti-TGFβ). Tumor tissue was processed to ob-
tain single-cell suspensions for flow cytometry analyses Levels of
TGFβ-1 in mouse tumor tissue homogenates and IFNγ in mouse
plasma samples were measured by commercial ELISAs.
Results
TGFβ blockade with 1D11, a TGFβ neutralizing monoclonal anti-
body, markedly enhanced abscopal effects and overall treatment
efficacy against subcutaneous tumors of either 4T1 breast cancer
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cells or large MC38 colorectal tumors. Increases in CD8 T cells in-
filtrating the non-irradiated lesion were documented upon com-
bined treatment, which intensely expressed Granzyme-B as an
indicator of cytotoxic effector capability.
Conclusions
Radiotherapy-induced TGFβ hampers abscopal efficacy even upon
combination with a potent immunotherapy combination. Therefore
TGFβ blockade in combination with radioimmunotherapy regimens
results in greater efficacy.
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Background
Pancreatic ductal adenocarcinoma (PDAC) is responsible for about
7% of all cancer-related deaths in the US. PDACs are fibrotic and
dense tumors with little vasculature, and are rapidly metastatic. Thus
far, cancer- immunotherapy with immune checkpoint blocking anti-
bodies have largely failed in PDAC. The Inhibitor of Apoptosis (IAP)
protein family comprises a diverse group of proteins, many of which
have immunoregulatory roles. IAP antagonists are small molecule
drugs that primarily inhibit cellular (c-)IAP1 and c-IAP2 protein lead-
ing to TNFa mediated apoptosis in tumor cells through alternative
NF-kB signaling. In immune cells IAP antagonism leads to increased
alternate NF-kB signaling, leading to increased survival of B cells, acti-
vation of dendritic cells and supporting activation of T cells in a costi-
mulatory manner.
Methods
We evaluated the effects of the IAP antagonist LCL-161 in multiple
syngeneic models of pancreatic cancer.
Results
Although LCL-161 did not induce TNFa mediated apoptosis in any of
our tumor cell lines in vitro, we were able to induce robust immune-
mediated regressions in an orthotopic and subcutaneous tumor
models.
Conclusions
These responses were dependent on CD8 and CD4 T cells, and we
show evidence for a direct effect of LCL-161 in augmenting T cell
priming in pancreatic cancer.
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Background
Imiquimod is a topical toll-like-receptor-7 agonist currently used for
treating basal cell carcinoma. Recently, imiquimod has demonstrated
tumor regression in melanoma and breast cancer skin metastases.
However, the molecular perturbations induced by imiquimod in
breast cancer metastases have not yet been characterized. Here, we
describe transcriptomic profiles associated with responsiveness to
imiquimod in breast cancer skin metastases.
Methods
Baseline and post-treatment tumor samples from eight patients
treated with imiquimod in a clinical trial were profiled using Nano-
string nCounter ® Human v1.1 PanCancer Immune Profiling Panel.
Two of the patients had stable disease during the initial study and
were found to have a systemic complete clinical response after sub-
sequent treatment with fulvestrant after study completion which
continued for several years. On follow up, these two patients also
had disease remission for two years. An additional patient had a local
partial anti-tumor response after eight weeks of imiquimod treatment
and was labeled as a partial responder (PR). Five of the eight patients
did not have an anti-tumor response and were defined as non-
responders (NR). An integrative analytic pipeline was used to analyze
gene expression data including pathway analysis and deconvolution.
Results
We showed that tumors from patients who achieved a durable clin-
ical response displayed a permissive microenviroment, substantiated
by the upregulation of transcripts encoding for molecules involved in
leukocyte adhesion and migration, cytotoxic functions, and antigen
presentation (Figure 1AB). Imiquimod triggered a strong T-helper-1
(Th-1)/cytotoxic immune response, characterized by the coordinated
upregulation of Th-1 chemokines, migration of Th-1 and cytotoxic T
cells into the tumor, and activation of immune-effector functions, ul-
timately mediating tumor destruction (Figure 1C).
Conclusions
Topical imiquimod can induce a robust immune response in breast
cancer metastases, and this response is more likely to occur in tu-
mors with a pre-activated microenvironment. In this setting, imiqui-
mod could be utilized in combination with other targeted
immunotherapies to increase therapeutic efficacy.
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Background
Tumor-targeted radiation therapy (RT) in combination with immune
checkpoint blockade can activate tumor-specific T-cells to reject tu-
mors. Yet, predictive features of effectively primed T cell repertoires
(TCR) remain poorly understood. Using the 4T1 mouse model of
triple negative breast cancer, where RT+CTLA-4 blockade elicits an
anti-tumor T cell response that controls both the irradiated tumor
and non-irradiated lung metastases and extends survival, we previ-
ously reported increased intratumoral CD8/CD4 ratio and CD8+ T cell
clonality following RT+anti-CTLA-4 treatment [1]. Here, we deter-
mined the longitudinal changes of the TCR repertoires in the 4T1 car-
cinoma and its correlates with treatment response.
Methods
To analyze longitudinally the TIL repertoire before and after treat-
ment with RT+anti-CTLA-4, mice were inoculated in both flanks with
4T1 cells (n=8/group). One tumor was resected 2 days before treat-
ment (pre-TX) and the other was treated with RT (3X8 Gy) or anti-
CTLA-4 antibody (3x200 μg i.p.) monotherapy or in combination and
resected 1 day after treatment when immune-mediated tumor rejec-
tion is occurring in tumors treated with RT+anti- CTLA-4 (post-TX).
No local tumor recurrence was observed, but mice succumbed of
lung metastasis with the largest increase in survival (vs. untreated) in
mice given RT+anti-CTLA-4 (p=0.0041). To assess the TIL TCR reper-
toire, dual-stage PCR amplification and high-throughput sequencing
of the TCRa and b CDR3 regions was performed using mRNA isolated
from total tumor.
Results
In tumors treated with RT and RT+anti-CTLA-4, both the TCRa and b
repertoires increased in clonality compared to pre-TX, whereas a
smaller increase in TCRb clonality was found after anti-CTLA-4 mono-
therapy. We have previously characterized the TCRb repertoire of ex-
panded and activated CD8+ T cells recognizing the AH1 epitope
from gp70 antigen (a tumor antigen expressed by 4T1 cells) in tu-
mors of mice treated with RT+anti-CTLA-4 [1]. Using GLIPH [2], we
identified a major AH1-specific CDR3b motif and found it present in pre-
TX tumors of all animals, and its frequency increased in mice treated
with RT or RT+anti-CTLA-4, consistent with our previous findings. In con-
trast, the V-J Jensen-Shannon divergence, assessed excluding AH1-
specific T cells, was higher between pre- and post-TX tumors in all mice
treated with RT, (independent of anti-CTLA-4 treatment) and correlated
strongly with survival (cox regression; p=0.00054), suggesting priming
and expansion of T cells targeting antigens other than AH1.
Conclusions
Together these data support the dominant role of RT in priming
emergent or low-abundance T cell clonotypes, rather than the driv-
ing of already-prevalent clonotypes.
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Background
Despite recent advances in the use of immunotherapy, only a minor-
ity of small cell lung cancer (SCLC) patients respond to immune
checkpoint blockade (ICB) with programmed cell death protein 1
(PD-1) or programmed death ligand 1 (PD-L1) antibodies as mono-
therapy or combination. We have previously established that SCLC is
vulnerable to agents targeting the DNA damage response (DDR)
pathway, including inhibitors of PARP and CHK1, and these findings
have led to several clinical trials of DDR inhibitors for SCLC. Our recent
findings demonstrate that CHK1 inhibitor, prexasertib, potentiate the
anti-tumor response of PD-L1 blockade in SCLC. In the present study
we have established the efficacy of combined PARP (olaparib) and PD-
L1 blockade and further elucidated the underlying mechanism of DDR-
mediated anti-tumor immune response in SCLC models.
Methods
SCLC models were treated with small molecule inhibitors prexasertib
or olaparib with or without anti-PD-L1. End point analyses were done
by immunoblot, immunohistochemistry, qRT-PCR, flow cytometry
and reverse phase protein array (RPPA).
Results
We treated the tumor bearing B6129F1 mice with either IgG, olaparib
(100mg/kg,4/7), anti-PD-L1 or combination. By 10days, all mice
treated with olaparib+anti-PD-L1 combination had a complete tumor
regression with no tumor growth upto 80days. Co-targeting DDR
+PD-L1 significantly increased the level of CD8+ cytotoxic-T cell infil-
tration and decreased PD-1+/TIM3+ exhausted T-cell population
(p<0.0001). CD8 depletion was able to reverse the anti-tumor effect
of the combination demonstrating the role of cytotoxic T-cell infiltra-
tion and function in DDR+PD-L1 response. Next, we established, by
genetic knockdown studies, that DDR-mediated immune response
was facilitated through activation of the STING/TBK1/IRF3 innate im-
mune response pathway. STING pathway activation enhanced ex-
pression of Type-1 interferon gene IFNβ and downstream
chemokines, CXCL10/CCL5 and resulted in T-cell recruitment.
Conclusions
Our results demonstrate,for the first time, the remarkable efficacy of
the combination of PD-L1 blockade with PARP/CHK1 inhibition and
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provide a strong scientific rationale for combining these modalities
in clinical trials for SCLC patients. Combining DDR inhibition with ICB
leads to T-cell recruitment and enhanced effector cell function in
SCLC tumors, mediated by the activation of the innate immune re-
sponse pathway STING/TBK1/IRF3 and increased IFNβ. The immune
profiling and correlative biomarker data from our study provide valu-
able mechanistic insight and indicate the subset of the patient popu-
lation who are most likely to respond to these treatments. Because
prexasertib, olaparib and other PARP inhibitors are already in clinical
trials for SCLC, we expect that this hypothesis has the potential for
rapid translation into the clinic.
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Background
Mertk is a member of the Tyro3-Axl-Mertk (TAM) family of receptors
and regulates phagocytosis of dying cells by macrophages. Cancer
cells killed by radiation therapy direct repolarization of macrophages
into immune suppressive phenotypes. Mertk-/- mice grafted with im-
munogenic tumors have enhanced tumor control following ionizing
radiation compared to Mertkwt mice. Gas6 is the endogenous ligand
for Mertk and its ability to signal through Mertk requires a post-
translational vitamin k-dependent modification that is inhibited by
warfarin.
Methods
Mertk-/- and WT mice were injected subcutaneously in the flank with
5E4 CT26 cells (BALB/c) or 5E6 Panc02-SIY cells (C57BL/6) and
allowed to grow to 5 mm before treatment with 250 μg anti-CD8α
antibodies, warfarin (0.5 mg/L drinking water) and subjected to a sin-
gle dose of ionizing radiation (16 Gy) followed by 250 μg of OX40 or
PBS I.P. 1-day post-RT. Peripheral blood was collected 6 days after RT
and evaluated by Flow Cytometry for SIY- pentamer+CD8+ T cells.
Results
Radiation therapy results in tumor control in BALB/c mice, but tumor
cure in Mertk-/- BALB/c mice. Tumor cure in Mertk-/- BALB/c mice
was abrogated by depletion of CD8 T cells indicating that ligation of
Mertk in tumor macrophages suppresses endogenous anti-tumor im-
munity following radiation therapy. Similarly, warfarin-treated mice
had higher rates of tumor cure following radiation that was also ab-
rogated by CD8 depletion. In C57BL/6 mice, Mertk-/- alone does not
affect responses to radiation therapy in the Panc02 tumor model, but
the combination of radiation therapy with anti-OX40 costimulation of
T cell responses resulted in a significant increase in peripheral blood
SIY+ CD8 T cells 5 days after treatment, and significantly improved
survival compared to radiation alone.
Conclusions
Mertk-/- mice, and Mertkwt mice treated with warfarin to inhibit
Gas6 experience increased tumor control following ionizing radiation
in an adaptive-immune mediated manner in CT26 tumor models. In
less immunogenic tumors, loss of Mertk-/- permitted tumor cure fol-
lowing radiation therapy when combined with the T cell costimula-
tory molecule OX40. These data demonstrate that Mertk suppresses
adaptive immunity in irradiated tumors. Mertk is an attractive thera-
peutic target in combination with ionizing radiation and immune
therapy to promote adaptive immune anti-tumor responses.
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Background
Although anti-PD-L1/PD-1 immunotherapy has shown marked clinical
effect in a broad range of cancer, a subset of patients respond to
monotherapy, and tumor mutation burden have been identified as
potential predictive marker for responders. To extend the clinical
benefits, combination of anti-PD-L1 and chemotherapy has been ac-
tively investigated. However the association of immunogenicity of
neoantigen with antitumor effects of the combination of immuno-
therapy and chemotherapy is remained unknown. Here we investi-
gated tumor antigen-specific T cell responses and antitumor effect of
the anti-PD-L1 plus cisplatin combination therapy in mouse tumor
models.
Methods
E.G7-OVA cell, expressing ovalbumin (OVA) gene as an immunogenic
model tumor antigen, and its parental less immunogenic EL4 cell
were subcutaneously inoculated into C57BL/6 mouse. The tumor-
bearing mice were intraperitoneally treated with anti-mouse PD-L1
mAb (anti-PD-L1; 10 mg/kg, three times a week) and cisplatin (CDDP;
1 mg/kg, once at Day1). For CD8+ cell depletion experiments, the
tumor-bearing mice were treated with CDDP (4 mg/kg, once at
Day1) and anti–mouse CD8 mAb (twice a week from one day be-
fore the treatment initiation). To evaluate cytolytic activity, CD8+
T cells isolated at Day7 were co-cultured with CFSE labeled-tumor
cells and the frequency of dying-tumor cell was measured by
flow cytometry.
Results
Anti-PD-L1 alone and CDDP alone exhibited significant antitumor ef-
fect in E.G7-OVA-bearing mice and the combination therapy resulted
in further effect than the each monotherapy at Day15. In parallel
with the therapeutic effect, CD8+ T cells from tumor-draining lymph
node exhibited higher cytolytic activity against E.G7-OVA in mono-
therapy group than that in control group, and highest cytolytic activ-
ity was observed in combination group. In contrast, even after the
combination therapy, cytolytic activity against parental EL4 cells was
hardly detected. In addition, less immunogenic EL4 were insensitive
to monotherapies with anti-PD-L1, CDDP and their combination.
Moreover, in immunogenic E.G7-OVA-bearing model, the higher dose
of CDDP (4 mg/kg) showed direct cytolytic activity as well as CD8+ T
cell dependent antitumor effect, whereas only direct cytotoxic effect
was observed in EL4-bearing model.
Conclusions
In our model, not only anti-PD-L1 alone but also CDDP alone en-
hanced T cell responses against immunogenic tumor antigen (OVA)
but not neoantigens in EL4 cell, indicating the higher impact of im-
munogenic tumor antigen in antitumor effects during anti-PD-L1
therapy and chemotherapy. We are further exploring the contribu-
tion of subdominant epitopes of OVA or antigens other than OVA to
antitumor effect.
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Background
Macroautophagy (autophagy) is an evolutionary conserved cellular
mechanism culminating with the lysosomal degradation of dispens-
able, damaged or potentially toxic cytoplasmic structures (e.g.,
permeabilized mitochondria). Autophagy helps cancer cells to adapt
to harsh environmental conditions and to resist therapy. However,
autophagy is also key for multiple steps of the anticancer immune re-
sponse. Thus, whether autophagy should be inhibited or activated in
the context of cancer therapy remains debated [1]. Since autophagy
has been shown to play a key role in the removal of cytosolic DNA,
which is one mechanism leading to type I interferon (IFN) secretion,
and since type I IFN is required for systemic immune responses acti-
vated by radiation therapy (RT), we asked the question as to whether
selectively inhibiting autophagy in cancer cells may boost the ability
of RT to initiate anticancer immunity.
Methods
CRISPR/Cas9 technology was used to render mouse mammary carcin-
oma TSA and EO771 cells autophagy deficient, and chemical inhibi-
tors of autophagy were employed. Autophagy-competent versus –
deficient cells were characterized for autophagic proficiency (by im-
munoblotting), growth (in vitro and in vivo), resistance to cell death
induced by starvation, chemotherapy and RT (by multicolor flow cy-
tometry and clonogenic assays) and production of type I IFN (by PCR
and ELISA). Alongside, cancer cells were employed to generate syn-
chronous tumors in immunocompetent syngeneic mice. Only one of
these tumors (that was either autophagy-competent or-deficient)
was irradiated in the context of CTLA4 inhibition, and the response
of both the irradiated and non-irradiated (abscopal) tumor was
monitored.
Results
Autophagy inhibition reduced the growth of mouse mammary car-
cinoma cells, in vitro and in vivo, limited their clonogenic potential
(at baseline) and increased their sensitivity to multiple stressors.
Moreover, pharmacological and genetic autophagy inhibition in-
creased the capacity of mouse mammary carcinoma cells to secrete
type I IFN in response to radiation. Finally, immunocompetent mice
bearing syngeneic autophagy-deficient mouse mammary carcinoma
cells mounted improved abscopal responses to RT (in the context of
CTLA4 blockade) as compared to immunocompetent mice bearing
syngeneic autophagy-competent cells, as determined by growth in-
hibition of a distant, non-irradiated, autophagy-competent lesion.
Conclusions
In conclusion, autophagy inhibits abscopal responses by limiting the
release of type I IFN by irradiated cancer cells. We will test the in-
novative hypothesis that selective autophagy inhibition in cancer
cells may synergize with autophagy activation at the whole-body
level (by nutrient restriction or physical exercise), hence enabling su-
perior therapeutic responses to radiation.
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Background
DKK1, a secreted modulator of the Wnt and PI3K/AKT signaling path-
ways, may contribute to an immunosuppressive tumor microenviron-
ment by influencing Tregs, MDSCs and NK cell functions [1] while
also affecting tumor cell NK target expression [2]. DKK1 is expressed
in a variety of tumor types and elevated levels frequently correlate
with poor survival. DKN-01 is a neutralizing IgG4 monoclonal against
DKK1, and mDKN-01 is a murine version of DKN-01.
Methods
mDKN-01 has been evaluated in B16 and 4T1 syngeneic mouse
tumor models as monotherapy and in combination with anti-PD-1
Results
As a monotherapy mDKN-01 demonstrated a highly reproducible in-
hibition of tumor growth in a B16 melanoma syngeneic model, with
concomitant infiltrates of CD45+ CD11b immune cells. Intratumoral
MDSC are reduced and show elevated expression of PD-L1. mDKN-01
anti-tumor activity is lost in immunocompromised NSG mice and fol-
lowing depletion of NK cells in immune competent mice. In addition,
mDKN-01 anti-tumor activity is retained in a RAG1-/- mouse,
highlighting the T cell independence and NK dependence of the
anti-tumor mechanism. Combination therapy with anti-PD-1 and
mDKN-01 showed cooperative tumor growth inhibition in the B16
model, and reduction of lung metastasis in a 4T1 breast tumor
model. These data indicate the potential for DKN-01 complementar-
ity with checkpoint blockers.
Conclusions
In murine studies mDKN-01 is an innate-immune IO agent with ef-
fects on NK and MDSC cells. mDKN-01 plus anti-PD-1 are more active
together than either agent alone in two murine syngeneic models.
Preliminary clinical results demonstrate that DKN-01 in combination
with pembrolizumab is well tolerated and is clinically active in eso-
phagogastric cancer, including in patients previously treated with
other checkpoint inhibitors or in immune resistant phenotypes not
expected to respond to pembrolizumab alone. Clinical trial informa-
tion: NCT02013154
Trial Registration
Clinical trial information: NCT02013154
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Background
Avadomide (CC-122) binds E3 ubiquitin ligase CRL4CRBN, resulting in
degradation of transcription factors Aiolos and Ikaros, and activation
of T cells. Preclinical and clinical data indicate that avadomide exerts
strong immunomodulatory activity through enhanced ADCC and a shift
in T-cell subsets from naïve to effector and memory subsets. Avado-
mide is in clinical development in multiple hematologic diseases and
has been explored in solid tumors, including hepatocellular carcinoma
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(HCC), as single agent (NCT01421524) and in combination with nivolu-
mab (NCT02859324). In preclinical models, avadomide plus nivolumab
demonstrates synergistic activation of T cells and significantly en-
hanced immune-mediated cytotoxicity against HCC cells. Here, we re-
port the effects of combining avadomide with nivolumab on peripheral
blood T-cell subsets and activation status and on trafficking of immune
cells to the tumor in patients with HCC.
Methods
Peripheral blood T-cell subsets were analyzed by flow cytometry.
Tumor biopsies were analyzed by immunohistochemistry or RNA se-
quencing with deconvolution analyses to identify immune cell
populations.
Results
Avadomide, as single agent and in combination with nivolumab, re-
sults in decreased absolute peripheral CD4+ and CD8+ naïve
(CD45RA+/CD45RO–) T cells and increased memory (CD45RA–/
CD45RO+) and activated (HLA- DR+) T cells, without significantly af-
fecting total CD3+, CD4+ or CD8+ populations. Interestingly, the
combination demonstrated a trend towards greater increase in acti-
vated (+182%) and memory (+257.9%) CD4+ T cells compared with
avadomide alone (+123.2% and +12.2%). Increased levels of periph-
eral Treg populations were detected within 15 days of treatment ini-
tiation, and the CD8/Treg ratio declined from 7.8 at screening to 2.7
on C1D15. To understand the effects on tumor microenvironment,
we performed RNA sequencing on paired tumor biopsies from pa-
tients receiving combination treatment collected at enrollment and
six weeks after treatment initiation (n=9). Deconvolution analyses
identified increased infiltration of T-cell populations, dendritic cells
and macrophages, and decreased B-cell populations in on-treatment
biopsies relative to pre-treatment. Immunohistochemistry confirmed
significantly increased CD8+ T-cells in on-treatment biopsies relative
to pre-treatment in patients receiving the combination (P=0.04),
while no significant changes in CD8+ T-cell infiltration were observed
in patients receiving single agent avadomide (P=0.65).
Conclusions
Avadomide is a potent immunomodulating agent with multiple im-
mune activating properties. Avadomide plus nivolumab leads to sig-
nificantly greater CD8+ T-cell tumor infiltration compared with single
agent avadomide. These findings provide proof-of-concept for the
combination of avadomide with checkpoint blockade in solid tumors
and demonstrate potential for further clinical and biomarker studies
to ascertain relative contribution of avadomide over nivolumab
monotherapy and assess efficacy.
Trial Registration
ClinicalTrials.gov identifier NCT01421524 and NCT02859324.
Ethics Approval
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Background
Metastatic Ewing sarcoma is a deadly bone cancer most commonly
diagnosed in children and is driven by the fusion oncoprotein EWS-
FLI1. The level of EWS-FLI1 expression can change Ewing cell behav-
ior. Interestingly, lower levels of EWS-FLI1 are associated with in-
creased expression of ICAM-1, a surface protein reported in some
cancers to influence tumor cell: T-cell interaction and promote T-cell
activation. Very little is known about the immune response to Ewing
sarcoma tumor cells and elucidating the mechanisms regulating the
immune response to Ewing tumor cells may reveal much needed new
treatment opportunities for patients with metastatic disease. In this
study, we seek to determine the impact of tumor cell EWS-FLI1 expres-
sion level on T-cell mediated Ewing sarcoma tumor cell apoptosis.
Methods
We performed real-time monitoring of tumor cell caspase 3 activity
in Ewing tumor cell/T-cell co-cultures. For this analysis, Ewing sar-
coma tumor cell populations with ‘high’ or ‘low’ EWS-FLI1 expression
were prepared by either: 1) using flow cytometry to isolate naturally
occurring populations or 2) using EWS-FLI1 siRNA to generate EWS-
FLI1 ‘low’ cells. Human T-cells were isolated from random donor buffy
coat, and T-cells were activated using a CD2/3/28 antibody cocktail.
Surface expression of ICAM-1, PD-L1 and PD-L2 was determined by
flow cytometry analysis. Blocking antibodies were also utilized.
Results
EWS-FLI1 ‘low’ cells demonstrated a significant decrease in T-cell me-
diated tumor cell apoptosis upon introduction of ICAM-1 blocking
antibody. Based on this, we questioned whether EWS-FLI1 ‘low’ cells
would be more susceptible to T-cell mediated apoptosis that EWS-
FLI1 ‘high’ cells (that lack surface ICAM-1). Notably, despite having
higher ICAM-1, we found that EWS-FLI1 ‘low’ cells are actually less
susceptible to T-cell mediated apoptosis that EWS-FLI1 ‘high’ cells,
suggesting that EWS-FLI1 ‘low’ cells possess an ability to evade T-cell-
mediated tumor killing. Further, in comparison to EWS-FLI1 ‘high’
cells, EWS-FLI1 ‘low’ cells respond to interferon-gamma treatment
with dramatically greater transcriptional upregulation of PD-L1 and
PD-L2. We then assessed the impact of PD-1 blocking antibody on T-
cell mediated tumor cell apoptosis and found that treatment of EWS-
FLI1 ‘low’ cell/T-cell co-cultures with blocking antibody significantly
enhances T-cell-induced tumor cell apoptosis.
Conclusions
We have shown that Ewing cells with lower EWS-FLI1 are more resist-
ant to T-cell mediated apoptosis than cells with higher EWS-FLI1. As
such, EWS-FLI1 ‘low’ cells may serve as negative regulators of the im-
mune response in Ewing tumors. These data highlight that Ewing
tumor cell heterogeneity can influence the anti-tumor immune
response.
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Background
Immune checkpoint therapies have shown unprecedented clinical ac-
tivity in several types of cancer, however, less than 30% of patients
respond. VISTA is a co-inhibitory immune checkpoint receptor of the
B7 family and functions to suppress human T-cell activity. VISTA is
highly expressed on tumor infiltrating myeloid cells including mye-
loid derived suppressive cells (MDSC), which have been associated
with resistance to immunotherapy. Increases in VISTA+ cells have
also been observed in response to PD1 and CTLA4 therapy. Targeting
VISTA could represent a novel treatment axis in the non-responder
population.Despite the promise of VISTA, limited structural informa-
tion, lack of a definitive ligand, and incomplete data on expression in
normal vs. disease contexts, have made development of drug candi-
dates challenging. Further, previous anti-VISTA antibodies have only
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bound to rodent or human VISTA, making it impossible to translate
pre-clinical efficacy and safety data to predict patient response.
Methods
HMBD-002-V4 is a humanized anti-VISTA antibody developed using
Hummingbird Bioscience’s proprietary Rational Antibody Discovery
platform to target a specific epitope predicted by structural modeling
to block ligand binding and be conserved between human, cyno and
murine VISTA.
Results
In vitro, HMBD-002-V4 showed dose-dependent inhibition of the
interaction between VISTA and the putative ligand VSIG3 for both
human and mouse orthologs, and further demonstrated release of
VISTA inhibition on T-cell activity and increased secretion of pro-
inflammatory cytokines in human ex vivo assays.In vivo, HMBD-002-
V4 showed single agent tumor growth inhibition (TGI) of up to 40%
in syngeneic murine CDX models, however, efficacy was significantly
improved if combined with anti-PD(L)1 antibody where TGI above
94% was possible. Profiling of representative tumors by FACS re-
vealed MDSC infiltration in these models that was significantly in-
creased after treatment with anti-PD(L)1 antibody and associated
with an increase in immunosuppressive serum cytokines. Conversely,
HMBD-002-V4 efficacy was associated with decreased MDSC infiltra-
tion for both monotherapy and combination arms and a remodeling
of the tumor microenvironment towards a pro-inflammatory pheno-
type. In models without MDSC infiltration, HMBD-002-V4 showed
poor efficacy. HMBD-002-V4 was evaluated for pharmacokinetics and
toxicology and demonstrated excellent serum half-life of 11 days,
with no observable toxicity in multiple animal models. Further,
HMBD-002-V4 has been optimized for manufacturability, including
high expression titers and stability.
Conclusions
HMBD-002-V4 represents a promising therapeutic candidate for the
treatment of VISTA-mediated suppression of anti-tumor immunity.
Predictive biomarkers of response to HMBD-002-V4 are currently be-
ing explored in multiple indications and the first-in-human trial of
HMBD-002-V4 is planned for 2019.
Ethics Approval
The study was approved by the SingHealth Institutional Animal Care
and Use Committee, approval number 2016/SHS/1230.
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Background
Platelets (PLTs) are well-known players during cancer progression.
For several cancers, an increased number of circulating PLTs corre-
lates with poor prognosis. PLTs help cancer cells by modulating
angiogenesis and/or directly binding cancer cells, which facilitates
the metastatic process [1,2]. These cells and their soluble factors can
also protect cancer cells from immune attack by mechanisms that
are poorly understood. Studies focused on autoimmune conditions,
have shown that exhausted PLTs form aggregates with T cells, down-
regulating T cell activation, proliferation and interferon-ɣ production
[3,4]. Nevertheless, no similar study has been conducted in the con-
text of cancer.
Methods
Our study investigated the presence of circulating PLT-immune cell
aggregates in myeloproliferative neoplasm (MPN) patients. To that
purpose, cryopreserved peripheral blood mononuclear cells were an-
alyzed by multicolor flow cytometry for PLT bound -T, -NK, -B and
-CD3+/CD56+ cells, as well as CD4 and CD8 T cell subpopulations.
Furthermore, to assess the effect PLT-binding has on T and NK cell
anti-tumor reactivity, in vitro cytotoxic response was continuously
monitored over 40 hours, using the xCELLigence technology.
Results
Our preliminary results show that, when compared to healthy do-
nors, MPN patients have an increased number of PLT bound CD8+ T,
NK and CD3+/CD56+ cells. Finally, our results indicate that platelets
can modulate the T and NK cells tumor reactivity in distinct manners;
the presence of PLTs impairs the killing capacity of T cell whereas it
seems to enhance it on NK cells. However, further studies are needed
to confirm our preliminary results.
Conclusions
N/A
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Background
NG-641 is a modified variant of enadenotucirev (EnAd), an Ad11p/
Ad3 chimeric group B adenovirus, which retains all the functional
properties of enadenotucirev, while also mediating the expression of
transgenes designed to target the breakdown of the stromal barrier
and reverse immune suppression within the tumor microenviron-
ment (TME). As an approach to immunogene therapy targeting stro-
mal rich tumors, we have created a transgene-modified variant of
EnAd expressing a bi-specific T-cell activator molecule (FAP-TAC) rec-
ognizing human fibroblast activating protein (FAP) on cancer associ-
ated fibroblasts (CAFs) and CD3 on T-cells. To enhance the activity of
the bispecific molecule, particularly in tumors with poor immune cell
infiltration (“excluded phenotype”), NG-641 also encodes an immune-
enhancer module (IM), consisting of the chemokines CXCL9 and
CXCL10 and the type I interferon IFNa..
Methods
FAP-TAC constructs comprising linked ScFv antibodies specific for hu-
man FAP and CD3 were designed and used to generate EnAd viruses
expressing the FAP-TAC transgene such that expression was under
the virus major late promoter (MLP) to allow broad or tumor-
selective expression, respectively. Tumor and fibroblast cell lines and
freshly isolated malignant peritoneal ascites and surgically excised
tumor samples from carcinoma patients were used to evaluate virus
activities.
Results
Initial studies with different viruses expressing FAP-TAC alone or with
different additional transgenes showed that FAP-TAC activity gener-
ated by NG-641 infection was essentially the same as that with vi-
ruses bearing only the FAP-TAC transgene. In tumor cell lines, NG-
641 selectively secretes functional FAP-TAC molecules, as determined
in cocultures of FAP+ fibroblasts and PBMC-derived T cells. Produc-
tion of the IM transgenes CXCL9, CXCL10 and IFNa was confirmed by
specific ELISA assays, with functionality evaluated by reporter cell, FACS
and cell migration assays. T cell-activation mediated by FAP-TAC leads
to cytokine secretion and cytotoxicity towards the fibroblasts. Studies
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with unseparated primary tumor samples (containing tumor cells, CAFs
and infiltrated immune cells) also demonstrated potent activation of
the endogenous T-cells, indicating that virus produced FAP-TAC is a po-
tent T-cell activator despite suppressive influences of the TME.
Conclusions
In this study, we have shown that CAFs can be effectively targeted
for T-cell mediated destruction by NG-641, a tumor stroma targeting
transgene-bearing oncolytic virus. This is associated with strong acti-
vation of endogenous T- cells to kill CAFs even in the presence of an
immunosuppressive microenvironment. Systemic dosing of such a
virus to patients with stromal rich tumors may provide an effective
approach for reversing immune suppression within the TME and driv-
ing effective anti-tumor immunity.
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Background
NK cells play a crucial role in tumor immunosurveillance with a
unique capacity of killing cancer cells via antibody dependent cellu-
lar cytotoxicity (ADCC), particularly in the setting of head and neck
cancer (HNC) where cetuximab, an EGFR-specific mAb, has been used
since 2006. Cetuximab-activated NK cells induce dendritic cell (DC)
activation, tumor antigen cross-presentation and expansion of EGFR-
specific T cells, linking innate and adaptive antitumor immunity.
However, the benefit of cetuximab is only seen in 10-15% of patients
[1]. Moreover, NK cell dysfunction has been associated with increased
risk of cancer [2-5] and poor clinical prognosis [6-8]. Therefore, char-
acterizing whether NK cells infiltrate HNC tumors and their expres-
sion profile is important in order to reverse NK cell dysfunction and
improve cancer immunotherapy
Methods
NK cells were sorted by flow cytometry from freshly isolated HNC
peripheral blood lymphocytes (PBL) and paired tumor infiltrating
lymphocytes (TIL). Sequential RT reactions produced amplified dsDNA
which was fragmented, end labeled with biotin and hybridized to the
Human Clariom S array. First level data analysis was performed using
Affymetrix Expression Console using RMA normalization algorithm
Results
Initial exploratory grouping analysis (EGA) showed that PBL (n=9)
and TIL (n=6) NK cells had a divergent expression profile. Hierarchical
clustering (HC) analysis of paired PBL and TIL NK cells (n=4) revealed
that TIL NK cells had a total of 1345 differentially expressed genes,
from which 713 were downregulated more than 2-fold when com-
pared to PBL NK cells. We found that Th1 type transcription factors
such as EOMES and BLIMP-1, activation/cytolytic markers such as
CD38, NKG2F, CD247, granzyme A, granzyme H, perforin 1 and
FCGR3A (CD16a) and FCGR3B (CD16b) which are key molecules for
ADCC were significantly downregulated in TIL NK cells. Likewise,
sphingosine-1-phosphate receptor 1 (S1PR1), a critical mediator of NK
cell traffic and retention in inflamed tissues, Th1 type induced T/NK cell
attracting chemokines CCL5 and CCL4 and innate immunity activator,
toll-like receptor 3 (TLR3) were downregulated in TIL NK cells.
Conclusions
These findings suggest an exhausted phenotype of TIL NK cells char-
acterized by downregulation of Th1 type activation markers com-
pared to NK cells in the periphery. Reversing NK cell dysfunction is
key in order to improve antitumor immunity of HNC patients.
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Background
Regulatory T cells (Tregs) are a suppressive cell population that limit
the anti-tumor response. However, systemic ablation of Tregs cannot
be utilized as a therapy due to massive autoimmune defects. Our lab
has demonstrated that Treg-restricted deletion of cell surface protein
Neuropilin (Nrp1, CD304) results in substantially reduced tumor
growth with no autoimmune defects [1]. We have shown that Treg-
restricted deletion of Nrp1 in the TME does not result in loss of
Foxp3 expression and “ex-Treg” generation but rather causes them
to exhibit an effector-like phenotype including loss of suppressive
function and production of interferon gamma (IFNү), which we refer
to as Treg fragility [2].
Methods
We sought to understand the epigenetic underpinnings between
Nrp1-sufficient and -deficient Tregs from the tumor microenviron-
ment that could lead to this ‘fragile’ state. To do so we performed bi-
sulfite treatment from ZymoEZ Direct Kit followed by Sanger
Sequencing to identify differences in DNA methylation. We utilized
ATAC sequencing to identify discrepancies in chromatin accessibility
following the Greenleaf protocol [3]. We also utilized TCR sequencing
from Adaptive Biotechnologies per the manufacturer’s protocol. For
single cell RNAseq, we loaded 3500 cells/sample using ChromiumTM
Single Cell 3' Gel Bead Kit and Chromium Single Cell 3'v2 Library Kit.
Samples were sequenced on a NextSeq500. Finally, CUT&RUN ChIP-
seq was perform following the Henikoff protocol [4].
Results
We found that Tregs lacking Nrp1 in the TME have a differential methy-
lation signature at the Conserved Non-coding Sequence 2 (CNS2) locus
of the Foxp3 gene, albeit no difference in the chromatin accessibility at
this locus, no change in single cell RNAseq, and maintenance of Foxp3
protein expression. We also found that Nrp1-deficient Tregs are not
peripherally-induced Tregs but rather are thymically-derived.
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Conclusions
We have identified an intriguing change in the DNA methylation sta-
tus of the CNS2 locus of Foxp3 in the Nrp1-deficient Tregs from the
tumor microenvironment but no loss in Foxp3 expression. This find-
ing conflicts with current data suggesting that CNS2 hypermethyla-
tion shuts off Foxp3 expression. Additional experiments will be
required to understand how this locus maintains Foxp3 protein des-
pite DNA methylation. Future studies will also examine the epigen-
etic mediators that might cause this differential methylation or if
extrinsic factors in the TME promote differential methylation.
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Background
TGFβ is a conserved, highly pleiotropic and potent cytokine that has
been implicated in tumor escape and progression via its modulation
and suppression of multiple immune-cell related pathways within
the tumor microenvironment [1]. Three homo-dimeric isoforms have
been identified, which individually have been shown to drive
context-dependent physiological and phenotypic responses, includ-
ing aspects of proliferation, migration, differentiation, angiogenesis,
and immune responsiveness [2]. Although a compelling target for
tumor immunotherapy, the use of anti-TGFβ antibodies that do not
adequately distinguish between the individual isoforms could give
rise to on-target off-tumor toxicity, undesirable inflammatory adverse
events or a zero-sum anti-tumor activity. To address this unmet need
for more specific reagents, we have selected two antibodies for
humanization from a panel of recently generated high-affinity mur-
ine mAb hybridomas which have extraordinary mono-isoform select-
ivity for TGFβ1 or TGFβ3 and which neutralize TGFβ-driven signalling
in a cell reporter system with high potency [3]. Isoform specific TGFβ
blockade with these antibodies is effective at delaying in-vivo tumor
growth in melanoma and breast cancer models [4].
Methods
Antibody humanization was performed using a molecular engineer-
ing approach combining framework grafting, competitive screening
of antibody fragments and selective back mutation of individual resi-
dues guided by assaying for TGFβ neutralization potency of the anti-
body constructs using a transformed mink lung epithelial cell
(tMLEC) TGFβ reporter line. Binding kinetics were assayed by surface
plasmon resonance. Physicochemical properties of the engineered
antibodies and suitability for down-stream development were char-
acterized using several techniques including transient expression in
singular cell system, size-exclusion chromatography and thermal dif-
ferential scanning fluorimetry.
Results
We report the successful conversion of two TGFβ isoform-specific
mouse mAbs into humanized recombinant IgG4 molecules targeting
human TGFβ1 or TGFβ3 respectively. Engineered variants of both
parental TGFβ antibodies express efficiently in a transient human cell
system, display good thermal stability and retain their potent binding
and neutralization activity with regard to their cognate TGFβ iso-
forms. We were able to generate several humanized LCR1901 anti-
TGFβ3 variants with significantly improved neutralization potency in
cellular TGFβ signalling assays relative to the parental mAb, and with
essentially undetectable levels of binding to TGFβ1 and TGFβ2.
Conclusions
We have generated a panel of humanized antibodies that specifically
neutralize TGFβ3 or TGFβ1 signalling. Recent studies assigning a
dominant gatekeeper role for TGFβ3 in malignant glioblastoma pro-
gression [5], as well as specifically implicating TGFβ1 in breast and
gastric cancers [6,7], support the continued pre-clinical and clinical
investigation of these novel TGFβ antibodies.
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Background
There are many immunosuppressive molecules in the tumor micro-
environment that need to be inhibited, if we are to improve im-
munotherapy in the Stage IV patients. There are many reports on the
possible role of HLA-G in cancer immunosuppression, but very little
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on the role of iron. The immunosuppressive effect of iron and HLA-G
in the tumor microenvironment has been neglected and ignored as
therapeutic targets. This study was implemented to determine if iron
and HLA-G, as neglected molecules enhance tumor immunosuppres-
sion, and could be cancer immunotherapy targets.
Methods
We examined HLA-G expression in normal mammary and breast
cancer cell lines and human normal and breast cancer tissue. This
examination was done by reverse transcription polymerase chain
reaction (RT-PCR) and immunohistochemistry (IHC). Intracellular
iron levels were manipulated in the human MCF-7 and MDA-MB-
231 breast cancer cell lines. Cytolysis of these cell lines was mea-
sured after exposure to the natural killer cell line NK-92 MI (NK).
The gene expression of ferritin heavy chain (FTH1) was deter-
mined as was the production of nitric oxide (NO) and tumor ne-
crosis factor alpha (TNFa).
Results
RT-PCR confirmed HLA-G expression was absent in the normal epi-
thelial MCF-12A cells showing no mRNA expression, however, the cell
lines MCF-7, MDA-MB-231and T-47D had various levels of HLA-G
mRNA expression. IHC was performed on 38 breast cancer specimens
and on 12 normal breast specimens. Fifty-eight percent (22/38) of
the cancer had medium to strong staining, but only 8.3% (1/12) of
the normal specimens had medium staining. The difference was sig-
nificant (p<0.05). When NK-92 MI cells were co-cultured with MCF-7
and MDA-MB-231 cells, NO and TNF-a were released into the media.
The addition of iron inhibited the cytolysis of cancer cell lines. Defer-
oxamine (DFOM), an iron chelator, increased NK-92 MI cytolysis of
MCF-7 and MDA-MB- 231 cells. The cytotoxicity of the breast cancer
cells was reversed by the addition of iron. This cytotoxicity is induced
by NO released from S-nitro-N-acetyl – penicillamine (NO donor). RT-
PCR showed the iron chelator reduced FTH1 expression, while iron
upregulated the expression of FTH1.
Conclusions
HLA-G antigen is expressed in trophoblastic placental cells as an
immunotolerant molecule to protect the fetus from maternal
alloreactivity. Its expression in cancer cells contributes to cancer
immunosuppression. Increased iron in the tumor microenviron-
ment and cancer cells inhibited cancer cells cytolysis by NK cells
by antagonizing NO and TNFa cytotoxicity and the upregulation
of ferritin expression. We hope this study will stimulate re-
searchers to investigate the role of HLA-G and iron as therapeutic
targets of the cancer microenvironment. Cancer immunotherapy
in Stage IV patients will be improved by the inhibition of these
neglected molecules.
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Background
Regulatory T cells (Treg) are essential for immune tolerance to self
antigens, but can also dampen anti-tumor immune responses in the
tumor microenvironment (TME). The predominant chemokine recep-
tor on human Treg is CCR4, the receptor for the chemokines CCL17
and CCL22 [1], which are produced by tumor cells, tumor- associated
macrophages and dendritic cells, as well as by effector T cells (Teff)
in the setting of an inflammatory anti-tumor response. Preclinical
studies with orally-available CCR4 antagonists have demonstrated
potent inhibition of Treg migration into tumors, an increase in the
intratumoral Teff/Treg ratio, and anti-tumor efficacy as a single agent
and in combination with checkpoint inhibitors. [2]
Methods
A first-in-human, randomized, double-blind, placebo-controlled trial
was conducted to examine the safety, pharmacokinetics (PK), and
pharmacodynamics (PD) in healthy volunteers (HVs) of single and re-
peat dosing of FLX475, an orally-available, potent, and selective
small-molecule antagonist of CCR4. Seven cohorts of 8 subjects each
(6 drug, 2 placebo) were administered single doses ranging from 5
mg to 1000 mg. Six cohorts were administered daily doses of FLX475
for 14 days ranging from 25 mg to 150 mg, including two cohorts
evaluating a loading dose administered on Day 1.
Results
FLX475 was well-tolerated, with no significant laboratory abnormal-
ities or dose-limiting clinical adverse events. Dose-dependent in-
creases in exposure were observed with low peak-to-trough ratios
and a half-life of approximately 72 hours. Daily dosing without a
loading dose demonstrated approximately 4-5x accumulation of
FLX475 over 14 days. A receptor occupancy (RO) PD assay using
study subject peripheral blood Treg [3] demonstrated a tight PK/PD
relationship, suggesting that doses of approximately 75 mg PO QD
and above are sufficient to maintain target drug exposure above the
IC90 for human in vitro Treg migration.
Conclusions
In this first-in-human HV study, the oral CCR4 antagonist FLX475 was
demonstrated to be well tolerated with outstanding PK properties. A
robust PD assay measuring receptor occupancy on circulating Treg
demonstrated the ability to safely achieve exposure levels predicted
to maximally inhibit Treg recruitment into tumors via CCR4 signaling.
These data have enabled the optimized design of an ongoing Phase
1/2 study of FLX475 both as monotherapy and in combination with
checkpoint inhibitor in cancer patients.
Trial Registration
EudraCT 2017-003952-22
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Background
T regulatory cells (Tregs) are essential to help prevent autoimmune dis-
eases. In the setting of cancer, however, Tregs can help cancer evade
anti-tumor immunity by suppressing immunity. Murine studies have
shown that if Tregs are selectively depleted, anti-tumor immunity can
be enhanced and synergistic immunotherapy achieved, promoting
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tumor regression. However, currently available Treg-depletion agents
can be non-specific and deplete/suppress other T cells, can fail to suffi-
ciently deplete Tregs, or can potently deplete all Tregs, leading to toxic
autoimmunity. We have developed and tested a way to selectively
eliminate Tregs in the tumor microenvironment (TME) while leaving
peripheral Tregs by using bispecific mAbs created using Invenra’s
SNIPER™ technology. SNIPER™ bispecific antibodies have relatively weak
affinity for two separate targets, limiting their binding and activity
when only one target is present. However, when both targets are
present, binding is much stronger due to the avidity effect. This allows
specific subpopulations of cells to be more specifically selected for
elimination by antibody drug conjugates or antibody dependent cellu-
lar cytotoxicity.
Methods
Two separate SNIPER™ bispecific mAbs, Inv-1 and Inv-2, were created.
C57Bl/6 mice were injected with B78 melanoma tumors. Established
tumors and spleens were harvested from mice and analyzed by flow
cytometry to identify T cell populations and binding specificity of
Inv-1 and Inv-2.
Results
We analyzed binding of the Inv-1 and Inv-2 to lymphocytes har-
vested from spleens and tumors from the B78 tumor-bearing mice.
We used a standard Treg verification panel (CD4, CD25, Foxp3) to
identify known Treg populations. Separate panels included the bispe-
cific antibodies (Inv-1 or Inv-2). We found that Inv-1 binds to 59% of
Foxp3+ cells extracted from the TME, but only to 18% of the splenic
Foxp3+ cells. This shows a preferential binding for tumor-infiltrating-
Tregs. Separately, Inv-2 bound to 81% of Foxp3+ cells extracted from
the TME, but only to about 51% of the splenic Foxp3+ cells.
Conclusions
Both Inv-1 and Inv-2 selectively target Tregs, with a preference for
Tregs present in the TME. In vivo administration of these antibodies
may allow for selective depletion of tumor-associated Tregs. Selective
depletion of TME-Tregs may result in a reduction in toxic auto-
immune side effects associated with immune-activation in the setting
of global Treg depletion. In turn, the removal of Tregs specifically
from the TME, coupled with a reduction of potential toxic side ef-
fects, may enhance the efficacy and applicability of combining Treg
depletion with other immune-activating immunotherapies.
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Background
Antisense oligonucleotides (ASOs) are a new therapeutic modality
and have the potential to suppress expression of any RNA target. On
the one hand they allow selective targeting of factors previously con-
sidered as undruggable, on the other hand -due to their different
pharmacokinetic and pharmacodynamic properties- they can offer a
complementary approach to more established modalities such as
small molecule drugs or antibodies. In the present study, locked-
nucleic-acid (LNA)-modified antisense oligonucleotides targeting PD-
L1 and the ectonucleotidase CD39 were designed and their activity
was tested in cell culture and syngeneic mouse models
Methods
In vitro activity of ASOs on target mRNA and protein expression was
investigated in tumor cell lines and confirmed in isolated human T
cells. Degradation of extracellular ATP and proliferation of immune
cells were tested in isolated human T cells. In vivo, target activity and
investigation of frequency of intratumoral Treg were investigated in
the syngeneic MC38 mouse model. The MC38 model and the
syngeneic EMT6 model were used to test effects on tumor growth or
survival.
Results
In vitro, unformulated ASOs targeting PD-L1 and CD39 achieved po-
tent target knockdown on mRNA and protein level in tumor cell lines
and in isolated human T cells. CD39-specific ASOs potently reduced
degradation of extracellular ATP in T cells. While treatment of T cells
with ATP potently suppressed their proliferation, CD39- specific ASOs
could reverse this effect. In syngeneic mouse tumor models, systemic
treatment with CD39-specific ASO resulted in potent knockdown of
CD39 expression e.g. in Treg, tumor-associated macrophages and
myeloid- derived suppressor cells and in a reduction of the frequency
of intratumoral Treg. Moreover, tumor growth was strongly reduced
by CD39-specific ASO, as monotherapy. In combination with PD-1
antibodies, anti-tumor efficacy of antibodies was improved by
ASO.Anti-tumor efficacy of-murine PD-L1 ASOs was demonstrated in
syngeneic mouse models. In a breast cancer model, all tumor-
bearing mice treated with the PD-L1 ASO rejected the tumor and
remained tumor-free. Upon rechallenge, the vast majority of mice
rejected the tumor cells demonstrating immunological memory for-
mation. No signs of toxicity were observed.
Conclusions
We have shown, that ASOs targeting immunosuppressive factors are
able to achieve potent target suppression in the relevant cell types
in vivo and can induce potent anti-tumor effects as monotherapy
and in combination therapy with antibody-based checkpoint inhibi-
tors, thereby enhancing survival. Taken together, we developed in-
novative immunotherapeutic tools that will potentially improve
treatment options for cancer patients in the future.
Ethics Approval
PBMC were obtained from leukapheresis products (Klinikum rechts
der Isar, TU München, ethics commission reference: 329/16 S)
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Background
Pancreatic ductal adenocarcinoma (PDAC) is characterized by an ex-
cessive amount of desmoplastic stroma seeded with inflammatory
cells and it is one of the most aggressive forms of cancer with no
current specific therapies. Tumor-associated macrophages (TAMs) are
a major component of the tumor microenvironment (TME), and in
most solid cancers increased TAM infiltration is associated with a
poor prognosis. TAMs can be described as classically activated M1
types with pro-inflammatory antitumor functions, versus alternatively
activated M2 types with immunosuppressive pro-tumor functions.
The immunosuppressive functions of M2 TAMs can be exerted
through release of cytokines and growth factors as well as via direct
recruitment of T regulatory cells (Tregs), a subset of lymphocytes re-
sponsible for immune tolerance of the system to the tumor. While
the differentiation from M1 to M2 in PDAC has been shown to be as-
sociated with a worse prognosis [1], not much is known about PDAC
TAM polarization and its potential correlation to Treg recruitment.
Methods
We have used MultiOmyx, a proprietary, multiplexing assay with simi-
lar staining characteristics as standard IHC stains but with the signifi-
cant advantage that 60 protein biomarkers can be interrogated from
a single FFPE section. MultiOmyx protein immunofluorescence (IF) as-
says utilize a pair of directly conjugated Cyanine dye-labeled (Cy3,
Cy5) antibodies per round of staining. Each round of staining is im-
aged and followed by novel dye inactivation chemistry, enabling re-
peated rounds of staining and deactivation.
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Results
Using the pan macrophage marker CD68 in combination with either
M1 marker HLA-DR or M2 marker CD163 we confirmed the presence
of M1 (CD68+HLA-DR+) and M2 (CD68+CD163+) populations in 9
stage IIB non- metastatic PDAC FFPE samples, the vast majority being
of the M2 subtype. Moreover, we found a positive significant correl-
ation (Pearson’s correlation p<0.05) between the presence of M2
TAMs and Tregs (CD3+CD4+FoxP3+), but not between M1 TAMs and
Tregs. Using our proprietary algorithms that takes into account the
staining pattern for each specific biomarker, we will now examine
the spatial relationship between the M1/M2 subtypes of TAMs and
Tregs in the stromal and intratumoral areas and compare our find-
ings to those found in samples from patients with stage IV metastatic
PDAC.
Conclusions
We demonstrate a positive significant correlation between the pres-
ence of M2-TAMs and Tregs in the TME of PDAC, suggesting a possible
pathway in which TAM-polarization plays an immunosuppressive func-
tion by recruiting Tregs.
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Background
Targeting the immunosuppressive microenvironment of tumors has
emerged as a promising treatment option for oncologic indications
in the last years. However, despite long lasting remissions in a small
subset of patients the majority does not respond to the currently
available immunotherapies, possibly caused by the existence of a
plethora of immune suppressive factors. One of those factors is
indoleamin-2,3-dioxygenase 1 (IDO1), an enzyme that degrades tryp-
tophan to kynurenines which in turn can result in a suppression of
immune effector cells.
Methods
As an alternative approach to small molecule IDO1-inhibitors, we de-
signed antisense oligonucleotides (ASOs) with specificity for human
IDO1 (hIDO1). ASOs were synthesized as GapmeRs with flanking
locked nucleic acids to increase stability and affinity to the target
RNA. The knockdown efficacy of ASOs on the mRNA and protein
level was investigated in cancer cells and human immune cells with-
out addition of a transfection reagent. The effect of hIDO1 knock-
down in cancer cells on the production of L-Kynurenine and the
proliferation of cocultured T cells was investigated. We furthermore
developed ASOs with specificity for murine IDO1 (mIDO1) to investi-
gate the efficacy of ASO-mediated IDO1 knockdown in syngeneic
tumor models.
Results
We identified a subset of ASOs that resulted in a hIDO1 mRNA
knockdown of >90% in cancer cell lines. Two highly potent ASOs
with IC50 values in the low nanomolar range were selected for fur-
ther experiments. The treatment of cancer cells as well as human im-
mune cells resulted in reduction of IDO protein levels by >85%.
Importantly, we observed a complete block in the production of im-
munosuppressive L-Kynurenine in ASO treated cells and IC50 values
in the low nanomolar range. In line with those results, we observed a
strongly increased proliferation of T cells when hIDO1 was knocked
down in cocultured tumor cells. Preliminary in vivo experiments sug-
gest that treatment of tumor-bearing mice with mIDO1-specific ASOs
results in the knockdown of IDO1 in tumor cells as well as tumor in-
filtrating myeloid cells.
Conclusions
We selected highly potent hIDO1 ASOs that efficiently knock down
hIDO1 mRNA and protein in cancer cells as well as primary human
cells and potently reduce the immunosuppressive capacity of cancer
cells. Potent mouse specific IDO1 ASOs have been identified and will
be used for in vivo efficacy studies in tumor-bearing mice. Taken to-
gether, we developed an innovative immunotherapeutic tool to
block the expression of hIDO1 that will potentially improve treatment
options for cancer patients in the future.
Ethics Approval
PBMC were obtained from leukapheresis products (Klinikum rechts
der Isar, TU München ethics commission reference: 329/16 S)
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Background
Head and neck squamous cell carcinoma (HNSCC) develops within a
complex cellular microenvironment that promotes tumor growth,
thus providing multiple potential therapeutic targets. Among those
are macrophages, which are abundant in and around tumor tissue, and
have been implicated in the growth, development, and persistence of
HNSCC [1]. However, the relationship between the density and compos-
ition of tumor-associated macrophages (TAMs) and clinicopathologic
markers of disease is poorly defined [2,3]. Inconsistent findings may be a
result of differences in approach to TAM detection. Some authors have
measured total macrophage content in tumor tissue, while others have
stained tumor samples for individual subtypes of TAMs, which include
M1 (pro-inflammatory) and M2 (immunosuppressive). Here we review
the published evidence concerning the relationship of the phenotypes
of tumor-associated macrophages with HNSCC prognosis.
Methods
We conducted a meta-analysis of the existing publications investigat-
ing the relationship between TAM density (total and M2 subtype)
and T stage, nodal involvement, vascular invasion, lymphatic inva-
sion, and tumor differentiation (Figure 1). A total of thirteen studies
were included (Table 1) [2-14]. Forest plots and risk ratios were gen-
erated to illustrate overall effects.
Results
Higher density of both total and M2 subtype of TAMs in the tumor
microenvironment is associated with advanced T stage, increased
rates of nodal positivity, presence of vascular invasion, and presence
of lymphatic invasion (p < 0.0001; Figures 2-5). There is no significant
association between TAM density, either total or M2 subtype, and
tumor differentiation (Figure 6).
Conclusions
Increased TAM density, particularly those of the M2 phenotype, corre-
lates with poor clinicopathologic markers in HNSCC and is associated
with poor clinical prognosis. Yet, it is unknown whether and how TAMs
contribute to poor prognosis in this tumor type. Additional investiga-
tion into the mechanisms behind TAM recruitment and polarization will
help define the feasibility of TAM-targeted therapies.
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Background
Although immune checkpoint blockade (ICI) has been successfully
utilized in treating patients with non-small cell lung cancer (NSCLC),
the benefit of ICI for patients with advanced EGFR-mutant NSCLC has
been limited. Intriguingly, recent data from IMpower150 subgroup
analysis demonstrated that combination of VEGF blockade with anti-
PD-L1 and chemotherapy induces response in patients with EGFR/
ALK driven NSCLC, suggesting modulating the tumor microenviron-
ment may enhance response to anti-PD-1 blockade in EGFR/ALK lung
cancers. In order to develop effective immune therapy combinations,
it is critical to understand tumor immune microenvironment (TME)
and identify negative regulators in EGFR-mutant lung cancer for ra-
tional design of clinical trials. [1]
Methods
We leveraged a published set of stage I-III lung adenocarcinomas
with immune profiling and sequencing data (PROSPECT cohort,
Kadara et al Ann Oncol 2018). We selected a set of 94 adenocarcin-
omas including 14 cases with EGFR-sensitizing mutations with im-
mune profiling by immunohistochemistry for ten immune markers
(PD- L1, PD-1, CD3, CD4, CD8, CD45RO, CD57, CD68, FoxP3 and Gran-
zyme B). Gene microarray data were also available to evaluate the
tumor microenvironment while CIBERSORT was used to infer immune
cell subpopulations.
Results
PDL1 and GzmB were significantly lower in the EGFR-mutant cases,
as expected. CD4 was higher in EGFR-mutant tumor center. Forty-
four key immune regulators’ levels we evaluated to further evaluate
the tumor microenvironment. IFNG was lower while TGFbeta was
higher in EGFR-mutant cases, suggesting a suppressive TME. Other
negative regulators, including CTLA4, LAG3, TIM3, TIGIT, IL6 and
VEGFA were not differentially expressed. Lastly, CIBERSORT analysis
revealed CD4+ memory T cells were decreased in the EGFR-mutant
cases.
Conclusions
Results from this analysis are consistent with prior knowledge of
EGFR-mutant NSCLC, demonstrating a PD-L1 low, GzmB low, IFNG
low and TGFbeta high immune phenotype, suggesting a suppressive
tumor microenvironment. CD4+ T cells composition needs to be fur-
ther understood as subpopulation of CD4+ T cells (T regs) might be
contributing to the suppressed TME. These results represent an initial
step for rationale combination of immune therapy to modulate the
suppressive TME, which might lead to enhanced treatment efficacy
to benefit patients with EGFR-mutant lung cancers.
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Background
Myeloid Derived Suppressor Cells (MDSC) are a regulatory population
that accumulates in tumor microenvironments. They are a significant
hurdle in treating cancer because they dampen anti-tumor responses
as well as hinder the effects of immunotherapy. Here we show that
the DNA methyltransferase inhibitor (DNMTi), Guadecitabine, has
beneficial immunomodulatory effects on MDSCs and 4T1 tumor cells,
both in vitro and in vivo.
Methods
Purified MDSCs or 4T1 cells were cultured for 48-72 hours with 1μM
Guadecitabine and then analyzed for surface molecules by flow cy-
tometry or further incubated with fluorescently-labeled Ovalbumin
for 30 minutes to allow for antigen uptake. 4T1 tumors (50k, flank)
were established in syngeneic Balb/c mice for 10 days before admin-
istering four daily doses of Guadecitabine (50μg, i.p.); mice were
sacrificed at day 16 to collect tissues for analysis. Guadecitabine and
AIT (50 million expanded draining lymph node cells) were adminis-
tered concurrently starting at day 3, and tumor size was monitored
until a humane endpoint. All experiments include n=3+ with at least
two experimental repeats.
Results
MDSCs cultured with Guadecitabine had increased expression of
MHC II, CD80, and CD86 exclusively in Ly6C+cells, with no effect on
the Ly6G+ subpopulation. These Ly6C+ MDSCs also demonstrated
significantly enhanced antigen uptake in vitro. Guadecitabine-treated
4T1 cells exhibited significantly increased MHC I and PD-L1 expres-
sion over vehicle-treated cells. Guadecitabine treatments in 4T1
tumor-bearing mice immediately reduced the tumor-induced MDSC
accumulation in the spleen (Figure 1), bone marrow, and blood,
thereby restoring normal cellularity. Similar to the in vitro findings,
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the remaining MDSCs in Guadecitabine-treated mice had increased
levels of MHC II and co-stimulatory molecules. Subsequently, animals
sacrificed at day 16 exhibited a significant reduction in tumor area
(Figure 2). Finally, we tested the effectiveness of Guadecitabine in
combination with T cell adoptive immunotherapy (AIT). Individually,
Guadecitabine or AIT alone slowed the initial tumor progression over
the first 2-3 weeks. When applied together, however, there was an
additional synergistic effect that strongly suppressed tumor growth
and prolonged overall survival for an additional 2+ weeks (Figure 3).
Conclusions
In vitro, the DNMTi Guadecitabine selectively alters the Ly6C+ MDSC
subpopulation toward an immune-stimulatory phenotype, and in-
duces expression of immunogenic surface molecules on 4T1 cells. In
vivo, treatment with Guadecitabine reduces tumor burden by mainly
affecting MDSC accumulation and phenotype. In addition, Guadecita-
bine enhances the effectiveness of AIT to suppress tumor progres-
sion and prolong overall survival.
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Background
Despite significant advances in the recent years, the response rate to
immune checkpoint inhibitor therapies for non-small cell lung cancer
(NSCLC) is only about 20%. There is a strong and urgent need to
identify new diagnostic biomarkers to predict which patients can
benefit from an immune checkpoint blocker treatment. Extensive
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animal data and several clinical trials indicate that immunosuppres-
sion is a limiting factor of effective anti-tumoral immunotherapy. In
this context, the presence of immunosuppressive elements such as
myeloid-derived suppressor cells (MDSC) in the tumoral microenvir-
onment might be a major factor contributing to resistance to check-
point inhibitors. In recent years, several studies have shown a
correlation between the level of MDSC and stage, overall survival,
and response to therapy in NSCLC patients. For instance circulating
MDSC were negatively associated with the immune response to can-
cer vaccine. Furthermore, the accumulation of MDSC has also been
reported to correlate with the progression-free survival and the re-
sponse to chemotherapy, as well as metastatic burden in NSCLC pa-
tients. Last, but not least the intra-tumoral accumulation of MDSC is
associated with unfavorable prognosis.
Methods
Here we assessed the presence and abundance of this major immu-
noregulatory population within the NSCLC microenvironment by
using an automated sequential chromogenic multiplex assay.
Results
A unique combination of biomarkers (CD11b, CD15, HLA-DR, CD14,
LOX1, and S100A9) was developed to detect and quantify different
populations of MDSC on a single FFPE tumor tissue section. Briefly, a
tissue section was sequentially stained, digitized, unstained and re-
stained with antibodies targeting the six markers. Images of the
whole slide were then analyzed by digital pathology: first, a newly
developed software was used to co-register the 6 virtual slides and
perform colors deconvolution. Then detection of positive cells was
performed for each marker independently, using Indica Lab’s HALO
software. The M-MDSC (monocytic MDSC) and PMN-MDSC (poly-
morphonuclear MDSC) populations were defined as being respect-
ively CD11b+CD14+HLA- DRnegativeS100A9+cells and CD11b+CD15
+HLA-DRnegativeLOX1+cells. In addition, tissue segmentation tools
were used to assess MDSC densities in parenchyma, tumor stroma
and invasive margin regions.
Conclusions
The detection and quantification of MDSC in NSCLC patients could
be a key parameter to predict patient’s responses to anti-tumoral im-
munotherapy. This new tool will allow to evaluate the immunosup-
pressive landscape of NSCLC tumors.
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Background
The demonstrated efficacy of immunotherapy, in the treatment of
some cancers, has not been observed with glioblastoma (GBM).
Characterization of the immune infiltrates in GBM may identify tar-
gets to drive the immune activation that improves the efficacy of im-
munotherapy. We have observed that GBM can harbor dense B cell
infiltrates usually found cuffing blood vessels. B cells can act as anti-
gen presenting cells driving local immune activation, or as regulatory
B cells (Bregs) to suppress immune activation; they may also be local-
ized in tertiary lymphoid structures (TLS) usually associated with bet-
ter patient survival. The prevalence and role of B cell infiltrate in
GBM is unknown.
Methods
Surgically-resected GBM from 48 patients were evaluated for im-
mune infiltrate by multispectral Immunohistochemistry using the
OPAL staining system, Vectra3 microscope, and Inform Software
(PerkinElmer). Three multiplex panels were designed to enumer-
ate CD20 infiltrates from three serial sections of tumors and to
evaluate additional immune markers. RNA-seq gene expression
data from the Cancer Genome Atlas (TCGA) was evaluated from
GBM patients.
Results
In univariate assessments, low CD20+ cell densities were associated
with better overall survival (OS) (median OS 31.7 months for 12
CD20low patients vs. 18.7 months for 36 CD20high patients,
p=0.019). Multivariate analyses were done to assess key prognostic
factors (CD20 density (low vs high), Karnofsky performance status
(KPS; high vs. low), age, and MGMT methylation (methylated vs
unmethylated). Decreased OS was observed from patients with high
CD20+ infiltrate (Hazard ratio (HR)=2.84, p=0.03) and longer OS was
associated with MGMT methylation (HR=0.49, p=0.04). Differences in
age (HR=1.13, p=0.05) and KPS (HR=0.49, p=0.08) were trending in
significance. We found that B cell infiltrates in GBM do not constitute
TLS when examined for high endothelial venules. TCGA data also
suggests that in GBM overexpression of MS4A1 (encoding CD20) is
associated with decreased OS (p=0.01).
Conclusions
Our studies suggest a correlation between B cells and diminished pa-
tient survival, thus CD20 infiltrates may constitute a novel prognostic
factor for GBM. We hypothesize that B cells in GBM may function as
Bregs which would suppress immune activation. However, this hy-
pothesis needs to be further evaluated by examining Breg function
in tumors and evaluating the impact of GBM-infiltrating B cells on
tumor-infiltrating T cells.
Ethics Approval
The study was approved by the University of Virginia's Ethics Board,
approval number 20210.
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Background
Host anti-tumor responses, including the actions of cytotoxic T cells,
play a key role in curtailing tumors, but can be hindered by multiple
mechanisms active within the tumor microenvironment. One such
mechanism involves the recruitment and expansion of immuno-
suppressive cells such as myeloid derived suppressor cells
(MDSCs) in the tumor microenvironment. We are targeting the
signaling pathways implicated in recruitment of MDSCs in tumor
microenvironment.
Methods
We have utilized transplantable lung tumor cell line (TC1) to address
the role of the CCR2/MCP-1 axis in MDSC associated tumor progres-
sion. Additionally, I utilized CCR2 knockout mice to demonstrate the
dependence of progression of TC1 tumor on CCR2 signaling.I also
used a thioglycolate-induced peritonitis model of inflammation to
validate the ability of a CCR2 antagonist to inhibit trafficking of
MDSCs to the site of inflammation and then tested the compound at
this inhibitory concentration for its ability to impair CCR2 chemokine
signaling within established tumors.
Results
Phenotypic profiling of TC1 tumors revealed maximal expression of
CCR2 by tumor resident MDSCs, and MCP-1 by transplanted tumor
cells, tumor associated macrophages (TAMs) and tumor associated
neutrophils (TANs) respectively. Additionally, utilization of CCR2
knockout mice showed the dependence of progression of TC1 tumor
on CCR2 signaling (tumors were significantly smaller in CCR2KO mice
compared to WT mice). We used a thioglycolate-induced peritonitis
model of inflammation to validate the ability of a CCR2 antagonist to
inhibit trafficking of MDSCs to the site of inflammation in a dose-
dependent manner with a maximal effect at a dose of 10 mg/kg, and
then tested the compound at this inhibitory concentration for its
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ability to impair CCR2 chemokine signaling within established tu-
mors. CCR2 antagonist promoted antitumor immunity in TC1 tumors.
Conclusions
In summary, genetic and pharmacologic data indicate that CCR2 tar-
geting may be an important new component of immuno-oncology
based therapies.
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Background
Tumors recruit BMC to the tumor microenvironment and modulate
BMCs [immunosuppressive tumor-associated macrophages (TAM),
neutrophils (TAN), and myeloid derived suppressor cells (MDSC)] in
tumor microenvironment (Schupp, Cellular Immunology, 2017; Gin-
houx, Nat Rev Immunology, 2014). Predominantly immature BMCs
are associated with poor prognosis (Bergenfelz, PLoS One, 2015;
Toor, Cancer Immunol Immunother, 2017). An elevated N-to-L Ratio
(NLR) of NLR > 5, and reduced L-to-M ratio (LMR) of <3.2 are predictive
of poor prognosis in cancer patients (pts) (Zhou; Nature, 2017; Sierzega;
Ann Surg Onc, 2017). Chemotherapy (chemo) induced neutropenia
(CIN) is mitigated with G-CSF such as pegfilgrastim (Peg). Plin is a novel
non-G-CSF small molecule, with a different mechanism of action for
CIN (LSK inhibition reversal; Lloyd AACR, 2017). Plin (by IV) and Peg (by
SC) are given as a single dose-per-cycle. In contrast to Peg, Plin is given
on the same day of chemo, 30 minutes after chemo, vs 24 hours after
chemo with Peg. Plin does not cause bone pain, and has anti-cancer,
immune-enhancing activity (Mohanlal, ASCO-SITC 2018). The Phase
(Ph)2 portion of Study BPI-2358-105 (NCT03P171
*Corresponding author email: mbagarazzi@inovio.com6) in NSCLC pts,
compared Plin (at different doses; n=55) with Peg for the prevention of
Docetaxel (Doc) CIN. Plin (20 mg/m2) and Peg are equally effective for
the prevention of Doc CIN, in respect to frequency and duration of severe
neutropenia (Blayney, ASCO 2018). Since Plin and Peg both improve
BMCs, we evaluated their respective immunosuppressive potential.
Methods
BMCs from cycle 1 of Ph2 study 105 was analyzed with either Plin
(20 mg/m2; n=14) or Peg (6 mg; n=14). BMCs, including immature Ns
((pro)myelocytes and bands) were available through day (D) 15.
Results
In contrast to Peg, Plin did not show NLR>5 or LMR<3 (Table below).
N bands were observed in 25% vs 0% of pts with Peg and Plin resp.
(Pro)myelocytes were observed in 77% vs 14% of pts with Peg and
Plin, resp (p<0.001).
Conclusions
Peg, but not Plin generates a BMC profile with a predominant im-
munosuppressive phenotype, while both are equally effective for the
prevention of Doc CIN.
Table 1 (abstract P495). Blood Immune Cell Repertoire after Peg or
Plin
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Background
Women with colorectal cancer (CRC) have a survival advantage over
men. The mechanism behind this is unclear. CRC is strongly influ-
enced by the tumor immune microenvironment (TME), with multiple
immune cell types and signaling pathways implicated in its initiation,
progression, and metastasis. Furthermore, murine models of sepsis
have demonstrated increased numbers of peritoneal leukocytes and
increased activation in females that correlate with improved survival
[1,2]. Macrophages are vital participants in the CRC TME and can
drive pro- and anti- inflammatory shifts. We hypothesized that the
immune CRC TME is sex-dependent and contributes to improved sur-
vival in females.
Methods
Male and female C57/Bl6 mice were injected with 105 MC38 cells in-
traperitoneally. Age and sex-matched mice were sacrificed for normal
controls (n=6 for all groups). Tumors and ascites developed in the
peritoneal cavity in the tumor model. Mice were sacrificed when
moribund or at Day 23 post-injection. Serum and tumor cytokine se-
cretion were measured with Luminex™ 32-Plex Immunology assay
and results compared by sex. Cells were stained with fluorescent
antibodies and run on a flow cytometer alongside controls.
Results
Similar to human CRC patients, female mice survived longer than
males (p=0.0354). While there were no significant differences in cyto-
kine production in healthy mice, male and female mice bearing tu-
mors had significant differences in both systemic and tumor-
produced cytokines. In female TME, more G-CSF, IL-10, and GM-CSF
were secreted. These cytokines influence macrophage polarization.
Macrophage numbers at the tumor site were similar between the
sexes, but tumors from female mice had increased IL-10 producing
macrophages (p=0.0685), which is characteristic of M2-type macro-
phages. Mice with elevated IL-10+ macrophages survived longer
(p=0.0005). M2 macrophages and G-CSF signaling cause differenti-
ation of Th2 cells. Tumors from females showed increased total CD4
+ T cells (p=0.0398), which also correlated with increased survival
(p=0.0222). Animals with elevated IL-4 producing CD4 T cells sur-
vived longer (p=0.0195), suggesting that sex-specific innate and
adaptive responses to CRC may contribute to the survival benefit
seen in women.
Conclusions
Shifts within the TME can alter the trajectory of tumor progression
and patient outcome. We report here marked differences in the TME
of females and males in immune cell populations and behavior.
These changes within the tumor are strongly correlated with survival,
suggesting that they play a role in the survival gap between men
and women with CRC. The origins of these sex-linked responses, and
the potential effects on immune therapies warrant further study.
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Background
Ependymoma is the third most common childhood brain tumor and
novel treatment methods are urgently needed. Complete surgical re-
section and radiation still results in a 10-year relapse rate of over
70%. Chemotherapy has failed to improve survival in patients with
ependymoma. Chimeric antigen receptor (CAR) T cell therapy has
been very effective in hematologic malignancies, but progress in
solid tumors has lagged. The hostile tumor microenvironment of
solid tumors has been implicated as a primary reason why CAR T cell
therapy has only resulted in modest and temporary responses in pa-
tients. Previous research has shown that ependymoma tumor cells
secrete cytokines that polarize surrounding monocytes into an im-
munosuppressive phenotype, which in turn renders tumor infiltrating
T cells ineffective. Native T cells found in patients’ ependymoma
tumor samples are incapacitated and this phenomenon may also
affect engineered CAR T cells.
Methods
811 and 928 are two high-risk patient derived ependymoma cell lines
that have confirmed HER2 surface expression and are used for in-
vitro experiments. Human peripheral blood mononuclear cells are ac-
tivated to promote T cell proliferation and transduced with retrovirus
to express anti-HER2 CAR on the surface. Monocytes are cultured in
811 and 928 tumor conditioned media to polarize cells into an im-
munosuppressive phenotype (polarized monocyte media). T cells and
monocytes from the same donor are used in each experiment. Flow
cytometry is used to characterize exhaustion markers, as well as sur-
face CAR expression of transduced T cells. Cytokine secretion will be
analyzed with a Millliplex Human Cytokine Panel. T cell function will
be assessed with an Incucyte live cell imager to quantify immune cell
killing of tumor cells over time.
Results
Anti-HER2 CAR T cells have excellent pre-clinical efficacy against 811
and 928 cells as demonstrated by cytokine release after co-
incubation and robust tumor cell killing. Anti-HER2 CAR T cells co-
cultured in 811 and 928 polarized monocyte media exhibit higher
numbers of surface inhibitory markers (PD-1, TIM-3, and LAG-3) com-
pared to anti-HER2 CAR T cells cultured in AIMV media. Anti-HER2
CAR T cells co-cultured in 811 or 928 polarized monocyte media also
have decreased CAR surface expression and a trend towards de-
creased tumor cell killing.
Conclusions
Anti-HER2 CAR T cells cultured in 811 and 928 polarized monocyte
media have increased inhibitory markers and decreased CAR expres-
sion. Understanding the mechanism of exhaustion and downregula-
tion of CAR expression may have therapeutic implications to improve
the efficacy of CAR T cells against solid tumors.
P498
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Background
Cholangiocarcinoma is the second most common primary liver ma-
lignancy. Prognosis is dismal due to its resistance to conventional
therapy and propensity to metastasize. Therefore, the development
of effective strategies for treating cholangiocarcinoma represents a
significant unmet clinical need, but models for evaluating more
advanced approaches like targeted and immune based therapies
are lacking. Cholangiocarcinoma is characterized by the presence
of a dense fibro-inflammatory reaction and extensive tumor
stroma that confers resistance to therapy. Although mice with
targeted activation of Kras and loss of p53 (Kras-p53) in the liver
spontaneously develop cholangiocarcinoma recapitulating the
histological features of human disease, the composition of the
tumor microenvironment (TME) remains largely unknown. Here,
we examined the composition of the TME in Kras-p53 mice to
identify additional targets for evaluating more advanced strat-
egies for treating cholangiocarcinoma.
Methods
Histological staining and immunohistochemistry were performed on
formalin-fixed, paraffin embedded and frozen tissue sections from
human and mouse cholangiocarcinoma tumors for stromal and im-
mune markers. Bone marrow (BM), peripheral blood, spleen, and sin-
gle cell tumor and normal liver suspensions from Kras-p53 mice and
littermate controls were processed for flow cytometry analysis. RNA
was extracted from tumor and normal liver tissue and RNA-seq and
qRT-PCR analysis were performed. Myeloid cells from BM, spleen, and
tumor were isolated and functional assays were performed in-vitro.
Results
Human cholangiocarcinoma featured prominent immunosuppressive
signatures including a dense inflammatory leukocyte infiltrate mainly
comprised of myeloid cells of both monocytic and granulocytic ori-
gin including tumor associated macrophages (TAM) and neutrophils
(TAN) respectively. Tumors from Kras-p53 mice featured a prominent
fibro-inflammatory reaction (Figure 1) with a dense network of fibro-
blasts, collagen deposition and, hyaluronic acid. Flow cytometry
demonstrated Kras-p53 tumors were infiltrated with significantly ele-
vated levels of inflammatory leukocytes (Figure 2) including TAM and
TAN. RNA-seq and qRT-PCR demonstrated Kras-p53 tumors expressed
elevated levels of cytokines associated with myelopoiesis and
mobilization of myeloid cells. In addition, tumors expressed in-
creased levels of soluble factors and checkpoint markers associ-
ated with immune suppression including Tgf-β, Il10, Arg-1, Pd-l1,
Pd-1, and Ctla-4. Myeloid cells isolated from Kras-p53 tumors
were functionally trophic and suppressed T cell proliferation.
Thus, these data suggest the TME of cholangiocarcinoma features
additional targets for testing more advanced strategies including
immune based therapies.
Conclusions
Cholangiocarcinoma tumors derived from Kras-p53 mice are highly
desmoplastic and feature a prominent inflammatory immune infil-
trate including highly immunosuppressive myeloid cells. Thus, Kras-
p53 mice are a robust model to evaluate targeted and immune
therapeutic interventions.
Ethics Approval
The study was approved by the University of Rochester UCAR Com-
mittee, approval number 2014-037E



Fig. 1 (abstract P498). Tumors derived Kras-p53 mice
highly desmoplastic
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Fig. 2 (abstract P498). Kras-P53 tumors increased
inflammatory leukocytes
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Background
Progression of oral squamous cell carcinoma (OSCC) is often associ-
ated with an evasion of tumor cells from the host immune surveil-
lance, which is accompanied by a worse outcome of patients and
might influence the efficacy of immunotherapies.
Methods
Since little information exist about the molecular mechanisms lead-
ing to tumor immune evasion and its correlation with the immune
cell contexture the expression of HLA class I antigens and compo-
nents of the antigen processing machinery (APM) was analyzed in
three untreated and interferon (IFN)-γ treated OSCC cell lines as well
as a panel of 160 human papilloma virus (HPV)-negative OSCC le-
sions and correlated with the composition of immune cell infiltration
and clinical parameters.
Results
Immunohistochemical analyses of the OSCC lesions revealed that
HLA class I heavy chain and β2-microglobulin (β2-m) as well as se-
lected HLA class I APM components were significantly downregu-
lated in OSCC lesions vs. non-neoplastic cells. This was in accordance
to the predominantly low basal mRNA and protein expression of HLA
class I APM components in OSCC cell lines, which was accompanied
by low HLA class I surface expression. The impaired HLA class I APM
component expression was enhanced by IFN-γ treatment suggesting
a deregulation rather than structural alterations as a major mechan-
ism of impaired expression. This was in line with a positive associ-
ation of HLA class I APM expression levels with the frequency and
composition of the immune cell infiltration of OSCC lesions and me-
diated by the T cell produced IFN-γ: Intra- as well as peri-tumoral
density of CD8+ T lymphocytes and intra-tumoral density of FoxP3+
regulatory T cells correlated with membranous HLA class I heavy
chain (HC) and β2-m expression and the trimeric HLA classI/β2-m/
peptide complex, while membranous β2-m and cytoplasmic HLA
class I HC expression positively correlated with the intra-tumoral
density of CD4+ T lymphocytes. High cytoplasmic expression levels
of HLA class I HC and β2-m, low cytoplasmic expression of the pep-
tide transporter associated with antigen processing (TAP) subunit 1
and a high nuclear expression of LMP2 were significantly correlated
with a poor overall survival (OS) of OSCC patients.
Conclusions
In conclusion, this study revealed marked differences between HLA
class I-positive and negative tumors related to tissue structure, the
composition of intra- and peri-tumoral leukocyte infiltration of the
TME and OSCC patients’ prognosis. This knowledge might help to
overcome immune escape and to improve the efficacy of immuno-
therapeutic strategies for OSCC patients in the future.
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Background
Accumulation of tumor-associated macrophages (TAMs) and myeloid-
derived suppressor cells (MDSCs) has been associated with tumor pro-
gression, poor prognosis, and inferior response to immune checkpoint
therapy in many cancers. These cells render effector immune cells dys-
functional and promote angiogenesis and metastasis. Thus, TAMs and
MDSCs are considered promising therapeutic targets in cancer
immunotherapy.
Methods
We determined co-expression of CSF-1R and CCR2 on TAMs and
MDSCs and generated a bispecific antibody (UniTI-01), which simul-
taneously binds CSF-1R and CCR2, to deplete these immunosuppres-
sive cell populations, while sparing tissue-resident macrophages. In
vitro and ex vivo assays using recombinant proteins, cell lines, and
primary cells were conducted to determine UniTI-01 binding to both
CSF-1R and CCR2 on the same cell and its effects on CSF-1 and
CCL2-dependent functional assays. Plasma exposure, pharmacody-
namic and therapeutic effects of UniTI-01 were assessed in murine
syngeneic tumor models.
Results
We confirmed CSF-1R and CCR2 are co-expressed on TAMs and
monocytic MDSCs (M-MDSCs) from ovarian and colorectal cancer pa-
tients as well as murine syngeneic tumors. Specific binding of the
murine-reactive surrogate bispecific antibody UniTI-01 was demon-
strated using murine CSF-1R and/or CCR2 in heterologous expression
systems. Additionally, UniTI-01 effectively bound TAMs and M-MDSCs
derived from several syngeneic tumor models. The monovalent anti-
CSF-1R arm and anti-CCR2 arm of UniTI-01 exerted inhibitory activity
in CSF-1- and CCL2-dependent functional assays in vitro, respectively.
Importantly, UniTI-01 preferentially depleted TAMs and M-MDSCs
over major organ tissue-resident macrophages, including Kupffer
cells, in tumor-bearing mice. In contrast, an anti-CSF-1R monoclonal
antibody induced significant depletion of tissue-resident macro-
phages in several organs. UniTI-01 treatment increased intratumoral
T cells and CD8+ T cells:CD4+ Treg ratio across different syngeneic
tumor models. In the immune-excluded model EMT6, a combination
regimen of UniTI-01 and an anti-PD-L1 monoclonal antibody induced
significant tumor regression compared to either agent alone. Finally,
mice that cleared EMT6 tumor on the combination therapy
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developed specific and durable anti-tumor response demonstrated
by their protection when re-implanted with EMT6 cells, but not with
a different tumor cell line (CT- 26).
Conclusions
Dual targeting of CSF-1R and CCR2 using a bispecific antibody effi-
ciently depletes TAMs and M-MDSCs without significantly affecting
tissue-resident myeloid cells and may serve as a novel approach to
enhance therapeutic efficacy of checkpoint blockade immunotherapy
with a wider therapeutic window. Our data support development of
a synonymous human UniTI-01 for clinical evaluation.
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Background
Pancreatic ductal adenocarcinoma (PDAC) is an aggressive exocrine
tumour with an extremely poor prognosis where the application of
checkpoint inhibitors has proven to be disappointing. One of the
characteristics of PDAC is a desmoplastic process that is thought to
create a barrier to potential responses of immune cells and reduce
accessibility of therapeutic agents. PDAC phenotype is also known to be
immune cell deficient. However, M2 macrophage aggregations have
been identified within the tumour milieu that often co-express pro-
grammed cell death markers. The evaluation of PD-L1 expression and as-
sociated immune cell responses in Whipple’s resection tissues may be
utilised to aid predicting patient outcome [1]. Here we use a 7-plex
evaluation to exemplify the potential of multiplex immunofluorescence
(mIF) combined with multispectral imaging and quantitative image ana-
lysis to examine relationships in immune, inflammatory and checkpoint
expressing cell populations within PDAC surgical resection samples.
Methods
Exemplar PDAC resection sections were mIF labelled by Aquila Bio-
Medical for 5 cell markers, including PD-L1, CD3, CD8, FoxP3, CD163, a
pan cytokeratin epithelial marker and DAPI nuclear marker. The stained
slides were digitised using the Vectra Polaris multispectral scanner (Per-
kin Elmer) and defined region of interest (ROI) images exported in
multi-layered component data format. The mIF images were analysed
by OracleBio using tailored applications developed in Visiopharm Onco-
topix Software. These enabled the identification of tumour and stroma
ROI, facilitated cell detection, classification and analysis and the deter-
mination of cell relationships within the tumour microenvironment.
Results
Across the n=5 resection samples, selected ROI displayed a range of
tumour, stroma, lymphoid aggregates and connective tissue content.
Analysis of cell populations indicated varying levels of CD3, CD8 and
FoxP3 immune cell infiltrations. PD-L1 also showed a varied expression
within tumour cells across samples while higher numbers of CD163
positive macrophage aggregations were identified within tumour.
Conclusions
Although knowledge of the underlying mechanisms of PDAC have
advanced over the recent years, much still remains unclear. Multiplex
IF data potentially enables a greater understanding of the complex
mechanisms involved in PDAC, thereby furthering the development
of drugs that target immune cells and may be indicative of response
to treatment or predicting patient outcome.
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Background
Cells adopt different metabolic strategies depending on their func-
tional needs. Tumor cells deplete glucose by aerobic glycolysis,
which can inhibit effector immune cells that may rely on aerobic gly-
colysis for effector activity [1]. It has been shown that immune cells
that use mitochondrial oxidative phosphorylation (OXPHOS) for en-
ergy are able to co-exist with tumor cells in the TME. OXPHOS
dependent immune cells include CD4+ regulatory T cells (Tregs),
myeloid-derived suppressor cells (MDSC), and tumor associated mac-
rophages (TAM). These immune cell types are immune suppressive
and metabolically compatible with tumor cells [2].
Methods
Human PBMC was used for immune suppressive cell differentiationCy-
TOF mass cytometry was used to characterize immune cellsSyngeneic
in vivo animal studies using RENCA and CT26 were conducted for
in vivo efficacy studies
Results
IM188 is an OXPHOS inhibitor drug with a biguanide core structure.
Metformin is the canonical biguanide drug that has been safely used
to control glucose levels in people with type II diabetes. The mecha-
nisms for how biguanide drugs influence immune cells has not been
well characterized. Since IM188 is an optimized biguanide targeting
OXPHOS dependent immune cells, we studied the effects of IM188
on human blood immune cells (PBMCs) and on immune responses in
mouse models of infection or cancer. PBMCs were differentiated
under conditions to promote Treg or MDSC expansion in vitro in the
absence or presence of IM188. Analysis of differentiated T cells by
CyTOF mass cytometry showed reduced expression of multiple Treg
markers such as Foxp3, CTLA4, and TGF-beta. In MDSC differentiation
studies, we found that IM188 reduced MDSC expansion and their
functional activity to suppress T cell proliferation. In mouse bacteria
and virus infection studies, the most intriguing finding was the
IM188 treatment caused increased CD8+ T cell expansion and in-
creased IFN-gamma and TNF-alpha cytokine expression in CD8+ T
cells. These observations suggest that IM188 can enhance T cell me-
diated immune responses. Finally, in syngeneic mouse tumor models,
IM188 showed a good range of combination efficacy with anti-PD1
therapy. We measured increased T effector cells and decreased im-
mune suppressive cell types at the tumor site in mice treated with
IM188 or anti-PD-1 antibody.
Conclusions
In summary, IM188 shows metabolic reprogramming activity that may
enhance immune functions by modulating immune cell differentiation
and/or function by inhibiting OXPHOS-dependent cells and promoting
aerobic glycolysis by effector immune cells.
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Background
Immune checkpoint inhibitors (ICIs) have profoundly reshaped the
treatment landscape for advanced NSCLC. While patients who have
an ICI response may have a deep and durable response, in unse-
lected populations, the majority of patients will not respond, but will
be exposed to potential immune toxicities. Current biomarkers such
as PD-L1 are not sensitive nor specific for predicting response, par-
ticularly for non-inflamed (NI) or “immune desert” tumor microenvi-
ronments. Here, we describe the use of cell proliferation to evaluate
response in immune desert NSCLC.
Methods
113 formalin-fixed, paraffin-embedded (FFPE) tumor samples of
metastatic NSCLC were evaluated by RNA-sequencing to measure
transcript levels of genes related to tumor infiltrating lymphocytes
and cell proliferation, DNA-sequencing of 409 genes for tumor muta-
tional burden (TMB), and PD-L1 status (Dako 22C3 antibody assay).
Tumors were defined as inflamed or NI based upon RNA-sequencing
analysis of CD8 compared to a reference population of more than
500 cases of multiple tumors. NI/immune desert tumors were defined
as the lower 15th percentile of rank for CD8+ T-cells. Cell prolifera-
tion, defined as the mRNA expression of 10 genes (BUB1, CCNB2,
CDK1, CDKN3, FOXM1, KIAA0101, MAD2L1, MELK, MKI67, TOP2A) was
evaluated for association with PD-L1 IHC expression, TMB, and re-
sponse to ICIs by RECIST 1.1 criteria.
Results
In our cohort of 113 cases, 12% (15/113) were classified as having an
NI, immune desert tumor microenvironment. Of these 15 NI cases, 8
(53%) were proliferative and 7 (47%) were non-proliferative; in
addition, 10 of 15 cases (67%) had high TMB (TMB-H). The majority
(11/15, 73%) of NI cases were non-responders, with 4 cases having
an objective response. For the 4 responders, 3 were non-proliferative;
conversely, for the 11 nonresponders,7 were proliferative. For NI/
TMB-H there were 9 were nonresponders, with 7 proliferative and 1
responder who was non- proliferative. For NI/TMB-L the ORR was
60% (3/5) with 2 of 3 responders being non-proliferative. Only 2 of
these NI cases were PD-L1 positive (TPS>50%), one of which as a
non-proliferative responder (50%). PD-L1 was negative in the other
13 cases, 3 of whom were responders (23%).
Conclusions
Biomarkers such as PD-L1 and TMB on their own may not be suffi-
cient in predicting overall response in immune desert tumor micro-
environments. In these cases, cell proliferation may be important in
distinguishing patients who may have a clinical benefit to ICI. These
results support that NI non-proliferative tumors are more likely to re-
spond to ICI than NI proliferative tumors.
Ethics Approval
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Background
Hormone receptor (HR+) breast cancer (BC) is currently responsible
for the majority of BC-related deaths in the US [1]. HR+ BC patients
are usually managed by surgery, followed by adjuvant endocrine
therapy ± chemotherapy. However, chemotherapy provides limited
clinical benefits and is often associated with severe side effects[2],
calling for the development of alternative treatment regimens. Over
the past decade, immunotherapy with immune checkpoint blockers
(ICBs) has achieved unprecedented clinical success in patients with a
variety of tumors [3]. However, despite the fact that BC is also under
immunosurveillance [4,5], BC patients are generally resistant to ICBs
[6], especially in the case of HR+ disease [7]. Thus, there is an unmet
need for improved therapeutic approaches to HR+ BC, at least in part
reflecting the lack of adequate preclinical models to recapitulate the
incidence, natural progression, metastatic dissemination and re-
sponse to therapy of HR+ BC in immunologically competent hosts.
Methods
We extensively characterized endogenous BC driven in wild-type or
genetically engineered C57BL/6 or BALB/c mice by slow-release
medroxyprogesterone acetate (MPA) pellets and oral 7,12-dimethyl-
benz[a]anthracene (DMBA) for incidence, progression, histology, tran-
scriptomic profile, and sensitivity to standard therapeutic agents as
well as nutritional interventions.
Results
We demonstrate that MPA/DMBA-driven tumors resemble human HR
+ BC in that (1) they display a similar morphology, (2) they express
hormonal receptors, (3) they have a gene signature that largely over-
laps with that of HR+/HER2- human BCs, (4) tumorigenesis depend
on nuclear estrogen receptors, (5) tumor insurgence can initially be
delayed by tamoxifen administration, but acquired resistance rapidly
subsides, (6) they are under active immunosurveillance by the host
immune system with a predominant role for NK cells, and once they
form palpable nodules they exhibit limited immune infiltration, and
(7) they develop according to rather heterogeneous kinetics. More-
over, MPA/DMBA-driven tumors resemble human HR+ BC because
they respond to chemotherapy, PD-1 blockade and RT in a rather
heterogeneous and poor fashion. We demonstrate that MPA/DMBA-
driven carcinogenesis can be delayed by caloric restriction as well as
administration of vitamin B6, vitamin D, and nicotinamide mononu-
cleotide (NAM), in immunocompentent, but not immunodeficient,
mice, an effect paralleled by increased amounts of NK cells in the
spleen.
Conclusions
HR+ BC appears to evolve by evading NK cell-dependent immuno-
surveillance, suggesting that NK cell-activating strategies, including
nutritional measures like NAM, as well as specific antibodies targeting
NK cell receptors, may improve the efficacy of (immuno)therapeutic
agents currently employed in the clinics for HR+ BC patients.
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Background
The diversity and composition of the gut microbiome has been impli-
cated in differential responses to immune checkpoint blockade in
melanoma and other cancers [1-3]. However, little is known about
the impact of diet and other lifestyle factors in this population.
Methods
We assembled a large cohort of early and late-stage melanoma pa-
tients (n=312) initiating systemic treatment at UT MD Anderson Can-
cer Center. In addition to biological specimens, we collected a
comprehensive lifestyle survey, including the NCI dietary screener
questionnaire, in a subset of patients (n=113). The fecal microbiome
was characterized via sequencing of the V4 region of the 16S rRNA
gene to determine diversity and compositional structure. Dietary
components were dichotomized into high and low categories based
on the median of estimated consumption. Differences in compos-
itional structure between groups was determined using analysis of
similarity (ANOSIM) for unweighted UniFrac beta diversity distances,
and pairwise Mann-Whitney tests for taxonomic comparisons.
Results
The median age of melanoma patients in our cohort was 62 yrs (59%
male; 86% Stage III/IV), and the most common treatment type was
anti-PD1 based therapy (53.1%). There were no significant associa-
tions observed between alpha diversity and age, sex or body mass
index among the melanoma patients. “Biotic” use, defined as self-
reported use of either biotic was quite common (29% antibiotics,
42% probiotics), and was associated with lower alpha-diversity
(p=0.01), with significant associations observed for both antibiotics
alone (p=0.05) and for probiotics alone (p=0.02). Additionally, con-
sumption of red meat (p=0.006), sugar-sweetened beverages (SSB)
(p=0.048), and fruits and vegetables (FV) (p=.049) were also associ-
ated with differences in compositional structure with selective en-
richment of Desulfovibrionales (high vs. low red meat =0.03),
Mollicutes (in low vs. high SSB consumers, p=0.008), and Porphyro-
monadaceae (in high vs low FV consumers, p=0.001).
Conclusions
Prospective longitudinal studies are underway to assess the relation-
ships between “biotic” use, dietary factors and the gut microbiome,
and treatment response among patients, as well as functional studies
in preclinical models. These data provide preliminary evidence that
the gut microbiome of melanoma patients may be modifiable by
host factors such as diet, use of antibiotics and probiotics, with po-
tential therapeutic implications.
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Background
Obesity has been investigated as a prognostic indicator in patients with
cancer [1]. In this study, we explored the association between different
types of fat and clinical outcomes in advanced stage cancer patients
treated with immunotherapy by developing a risk group classification.
Methods
We performed a retrospective analysis of 90 patients treated on
immunotherapy-based phase 1 clinical trials at our center from 2009-2017.
Baseline CT images at mid-L3 were obtained, and subcutaneous fat dens-
ity, intramuscular fat density, and visceral fat density (cm2) were calculated
using SliceOmatic (TomoVision, version 5.0) and converted to indices (SFI:
subcutaneous fat index, IFI: intramuscular fat index, and VFI: visceral fat
index) after dividing by height in meters-squared. Risk groups by PFS were
created by a recursive partitioning and regression trees method for SFI
and IFI, which were selected by a stepwise variable selection among all fat
related variables (Figure 1). Cox proportional hazard model and Kaplan-
Meier method were used for association with OS and PFS.
Results
Most patients (59%) were males and more than two-thirds (69%) had
at least 2 prior lines of therapy. Melanoma (33%) and gastrointestinal
(22%) tumors were the most common histologies. The medians for
each of the indices were as follows: SFI = 62.78, IFI = 4.06, and VFI =
40.53. Low-risk patients (SFI 73) had significantly longer OS and PFS
than intermediate-risk (SFI < 73 and IFI < 3.4) and poor-risk patients
(SFI < 73 and IFI 3.4) (Table 1). Intermediate-risk patients also trended
towards longer OS and PFS than poor-risk patients. Patients in the
low-risk group had substantially longer median OS and PFS than
intermediate and poor-risk patients per Kaplan-Meier estimation
(Table 1, Figures 2-3).
Conclusions
Decreased subcutaneous fat and increased myosteatosis may de-
crease survival in advanced stage patients treated with immunother-
apy. Future studies should investigate the interaction between
different fat composition, the immune system, and the tumor
microenvironment.
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Background
Body mass index (BMI) has been investigated as a prognostic factor for
cancer patients [1], but the effect of BMI on clinical outcomes in pa-
tients on phase 1 clinical trials using immunotherapy-based treatment
is not known. We investigated the association between BMI and sur-
vival in advanced staged cancer patients treated with immunotherapy.
Methods
We completed a retrospective analysis of 90 patients treated on phase
1 clinical trials using immunotherapy-based treatment regimens at Win-
ship Cancer Institute of Emory University from 2009-2017. Baseline BMI
was collected from the electronic medical records. Overall survival (OS)
and progression-free survival (PFS) were measured from the first dose
of immunotherapy to date of death or hospice referral and radio-
graphic or clinical progression, respectively. Cox proportional hazard
model was used for association with OS and PFS. BMI was analyzed as
a continuous variable and as a categorical variable (normal or under-
weight: BMI < 25, overweight: 25 ≤ BMI < 30, obese: BMI ≥ 30).
Results
Most patients (59%) were males and the majority (81%) were Royal
Marsden Hospital (RMH) good risk. Approximately two-thirds (69%)
of patients received at least 2 lines of systemic therapy before being
treated with immunotherapy on the clinical trial. Melanoma (33%),
gastrointestinal (22%), and lung and head & neck (20%) were the
most common tumor types. The median BMI was 27.4. When treated
as a continuous variable in multi- variable analysis, a higher BMI was
significantly associated with longer OS and PFS (Table 1). Patients
with a normal or underweight BMI had significantly shorter OS (HR:
3.27, p-value: 0.005) and trended towards shorter PFS when com-
pared to overweight and obese patients. The median OS and PFS of
obese patients was 19.1 months and 4.7 months, respectively, while
median OS and PFS of normal or underweight patients was 6.7
months and 1.9 months and median OS and PFS for overweight
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patients was 8.6 months and 2.3 months, respectively, per Kaplan-
Meier estimation (Table 1, Figures 1-2).
Conclusions
Obesity may help prolong survival in advanced stage cancer patients
treated with immunotherapy. Further studies are needed to elucidate
the underlying biologic effect of adiposity on the tumor microenvir-
onment and the immune system in patients treated with
immunotherapy.
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Background
PD-(L)1 signaling is central to T cell exhaustion which occurs with
chronic antigen stimulation and results in T cell dysfunction. Blockade
of the PD-(L)1 pathway augments T cell responses in a variety of viral
and cancer models. Obesity, defined by high body mass index (BMI
>30 kg/m2), is reaching pandemic proportions and is a major cancer
risk factor. The impact of obesity on immune responses in general, and
cancer immunotherapy in particular, is poorly understood.
Methods
Male B6 and female BALB/c mice were fed diets consisting of either
60% or 10% fat, respec-tively, starting from 6-week until 6-month
old. DIO and control mice were injected with either B16-F0 (non-
metastatic melanoma), B16- F10 (metastatic melanoma), 3LL (meta-
static Lewis lung carcinoma), or 4T1 (metastatic breast carcinoma)
cells. Tumor-bearing mice were treated intraperitoneally with aPD-1
mAb every other day at 250μg/mouse after an initial dose of 500μg/
mouse for a total of 6 injections. Tumor progression was determined
by caliber measure-ment, PET- CT, and quantification of metastases.
Immune phenotypes and T cell function were measured by flow cy-
tometry. Transcriptomes were analyzed by RNAseq.
Results
DIO mice were significantly heavier than control mice, with an aver-
age weight of 60g vs 42g in B6 mice, and 40g vs 20g in BALB/c mice.
Tumors grew significantly faster in DIO mice com-pared to control
counterparts as quantified by caliber measurement and PET-CT. T
cells in the tumor microenvironment (TME) of DIO mice demon-
strated features of exhaustion, including significantly increased ex-
pression of PD-1, Tim3 and Lag3, but decreased expression of Ki67.
Transcriptomic analysis of sorted (>95% purity) CD8+ memory T cells
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from B16- bearing control and DIO mice also demonstrated the up-
regulation of exhaustion-related transcripts and down- regulation
of effector-related transcripts in T cells from DIO mice. aPD-1 treat-
ment led to signifi-cant reduction of tumor burden, inhibited devel-
opment of metastases in DIO mice, and overall improved survival
times. The enhanced checkpoint blockade responsiveness in DIO
mice was associated with significantly increased CD8+ tumor- infil-
trating lymphocytes (TILs), as well as increased TNFα and IFNγ-
production by CD8+ T cells.
Conclusions
These data indicate a paradoxical impact of obesity on cancer in
which immune dysfunction, and tumor progression are heightened,
but checkpoint blockade efficacy is also enhanced. This study high-
lights obesity as a biomarker for cancer immunotherapy.

Innate Anti-Tumor Immunity
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Background
The tumor microenvironment includes cancer cells as well as stro-
mal cells, immune cells, epithelial cells, vasculature and extracellu-
lar matrix. Interactions between these components regulate tumor
development, migration and metastasis. Current 2-dimensional (2D)
in vitro culture methods fail to represent the multidimensional
complexity of tumor microenvironment. The multicellular tumor
spheroids support co-culture conditions and allow a 3D system that
can be employed to investigate the integration of multiple cell
types and gain insight into the interaction of cancer cells with
other cells in their environment. We established such model to in-
vestigate the molecular mechanisms regulating the interactions be-
tween melanoma, myeloid cells and T cells.
Methods
Tumor Spheroids were developed using hanging drop technique
with multiple melanoma cell lines, dermal fibroblasts and immune
cells. Preliminary experiments were carried out to determine the
optimum conditions for spheroid formation. Spheroids were cul-
tured at density of 104 per cell type per drop and incubated for 3,
4, or 5 days.
Results
Spheroid formation occurred within 72 hours and the integrity of
spheroids were maintained throughout the experiments. Cell via-
bility and cell proliferation was monitored within spheroids for up
to 5 days using Live and dead staining and CellTrace™ CFSE Cell
Proliferation Kit, respectively. Immunofluorescence analysis of
spheroid cryosections showed a homogeneous distribution of fi-
broblasts in spheroids. However, spheroid compaction and fibro-
nectin expression varied between spheroids formed by different
cell lines. We assessed the integration and localization of mono-
cytes within the spheroids by adding purified blood CD14+ cells
to the mixture of tumor cells and dermal fibroblasts at equal dens-
ity of 104 cells per drop. Immunofluorescence analysis of serial
sections of spheroid showed CD45+ cells scattered throughout
spheroid. Furthermore, addition of CD14+ cells to tumor spheroids
on day 3 resulted in infiltration of monocytes into spheroids in less
than 24 hours.
Conclusions
Thus, our 3D model can be used to assess the distribution of immune
infiltrates and the interaction of cancer cells with myeloid cells.
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Background
MerTK, a member of the TAM (Tyro3/Axl/MerTK) family of receptor
tyrosine kinases (RTKs), is an important negative regulator of innate
immunity. Activation of MerTK in myeloid cells by its ligands Gas6 or
Protein S (PROS) promotes phosphatidylserine-dependent efferocyto-
sis of apoptotic cells, inducing a tolerogenic state and mediating
resolution of inflammation. MerTK deficient mice exhibit phenotypes
consistent with systemic inflammation and auto-immunity. Import-
antly, MerTK ablation confers tumor immunity, increased pro- inflam-
matory cytokines and tumor lymphocyte infiltration. We hypothesize
that pharmacological targeting of MerTK with monoclonal antibodies
(mAbs) may lead to a similar pro-inflammatory response and recap-
itulate the anti-tumor effects observed in MerTK-/- mice.
Methods
Cultured human PBMCs, or monocyte-derived dendritic cells and
macrophages were treated with a panel of MerTK-targeting mAbs for
24 hours alone, or in the presence of pro-inflammatory stimuli (LPS,
CD40L or IFN-gamma). A panel of cytokines (eg. IL-1RA, TNF-a) were
measured in supernatants by ELISA, or using a multiplex approach.
Phospho-immunoreceptor (R&D) profiling from PBMC lysates was
performed after treatment with mAbs or saline for 1 hour in full
serum. The generation and characterization of MerTK knock-out and
human MerTK transgenic mice will be presented.
Results
From a panel of human anti-MerTK mAbs derived from phage-
display libraries or human IgG mice we identified several mAbs that
enhanced cytokine and chemokine release from primary human im-
mune cells, alone or in the presence of inflammatory stimuli. Surpris-
ingly, mAb activity required Fc receptor binding as introduction of
mutations in the Fc domain to abrogate FcR binding rendered the
Abs ineffective, despite maintaining target binding. Surrogate mAbs
targeting mouse MerTK elicited similar responses in vivo. Treatment
of human PBMCs with a MerTK mAb resulted in reduced phosphoryl-
ation of ITIM-bearing immunoreceptors known to negatively regulate
the immune response. In addition, human MerTK transgenic, and
MerTK knockout mice have been generated and characterized with a
view to establish in vivo proof-of-concept with human MerTK mAbs.
Conclusions
Pharmacological targeting of MerTK with monoclonal antibodies
modulates cytokine production in human and murine model systems
in a manner consistent with genetic ablation of the target. MerTK
mAbs enhanced production of inflammatory cytokines and de-
creased the activity of inhibitory immunoreceptors. The anti-tumor
activity of MerTK mAbs is planned using surrogate models and hu-
man MerTK transgenic mice.
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Background
Chimeric antigen receptors have been used successfully to retarget T
cells in patients with hematologic malignancies. Natural killer (NK)
cells offer an alternative to T cells for cellular immunotherapy, highly
active and suitable for allogeneic use as they are not HLA-restricted
and do not cause GVHD. A goal of NK cell engineering is to improve
their in vivo persistence and recognition of cancer cells. Ligands of
the natural killer group 2D (NKG2D) receptor are broadly expressed
in solid tumor and hematological malignancies, making NKG2D an
attractive target for NK cell engineering. This work was undertaken
to demonstrate that NK activity and persistence can be elevated by
simultaneous expression of chimeric constructs directing the expres-
sion of an activating NKG2D receptor (aNKr) and a membrane-bound
form of IL-15 (mbIL-15).
Methods
NK cells were generated by co-culture of peripheral blood mono-
nuclear cells (PBMC) with genetically modified irradiated K562 feeder
cells. NK cells were transduced at an MOI of 1-2 with a bicistronic
virus encoding an NKG2D aNKr and mbIL-15. NK expansion and
NKG2D aNKr expression were evaluated by flow cytometry to detect
the CD56+ CD3- cell population and the elevation of NKG2D expres-
sion over endogenous levels. In vitro cytotoxicity of transduced NK
cells was measured using both flow cytometry and the IncuCyte S3
live cell analysis system. The in vivo activity of engineered NK cells
was further assessed in a xenograft tumor model, using the osteosar-
coma cell line U2OS engineered to express luciferase, with tumor
growth measured using bioluminescence in NSG mice.
Results
NK cells were expanded for 7 days (40 fold to >100 fold) prior to trans-
duction. Transduction increased of NKG2D expression in NK cells
(>70%, N=8 donors) relative to control cells. NKG2D aNKr-mbIL15 NK
cells could be maintained for up to 6 weeks in low IL-2 culture. aNKr-
mbIL-15 expression significantly elevated cytotoxicity in NK cells
against multiple tumor cell lines, inducing cell death of > 60% of target
cells within 4 hours at 1:1 E:T ratio. One infusion of transduced NK cells
tumor-bearing NSG mice resulted in long-term anti-tumor responses.
Moreover, co-expression of mbIL-15 significantly delayed tumor growth
relative to that observed in cells expressing only the NKG2D aNKr.
Conclusions
Transduction of NK cells with an NKG2D aNKr and mbIL-15 increases
their cytotoxic activity and persistence. Based on these data, further
development of NKG2D aNKr-mbIL-15 NK cells for clinical use will be
pursued.
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Background
Recent success in cancer immunotherapy has targeted immune
checkpoints such as PD-1, PDL-1, and CTLA-4 to enhance the cyto-
toxic activity of the adaptive T cell immune response. While the clin-
ical response to these therapies has been dramatic for some, many
others have shown partial or even no response highlighting the need
for alternative or synergistic approaches that activate innate immun-
ity. Disruption of the interaction between SIRPα and CD47, an innate
checkpoint inhibitor, using anti-CD47 antibodies, for example, is
known to enhance innate immunity by increasing the phagocytosis
of tumor cells by macrophages and dendritic cells (DCs) leading to
processing and presentation of tumor antigens. Recently, we de-
scribed AO-176, a next generation anti-CD47 antibody that blocks
the CD47/SIRPα interaction, induces phagocytosis and causes a direct
tumor cell-autonomous death while negligibly binding RBCs.Herein,
we characterize the ability of our CD47 antibodies such as AO-176, to
induce Immunogenic cell death (ICD) and Damage Associated Mo-
lecular Patterns (DAMPs) in tumor cells and to potentiate
chemotherapy-induced ICD/DAMPs. ICD is a process whereby an
agent induces cell surface exposure and release of DAMPs from
dying cells which stimulates DCs and adaptive immune responses.
Methods
Tumor cells were treated in vitro with our CD47 antibodies either
alone or in combination with chemotherapeutics followed by assess-
ment of ICD/DAMPs using flow cytometry and biochemical assays.
RNAseq was also performed on cells undergoing CD47 antibody me-
diated ICD/DAMP induction to better understand how CD47 inhib-
ition may regulate ICD.
Results
AO-176 and other CD47 antibodies, developed by Arch Oncology,
caused mitochondrial stress and loss of outer-membrane integrity,
typically observed prior to cells undergoing apoptosis. In addition,
CD47 antibody treatment induced a significant ER stress response at
the genetic level resulting in the surface exposure of ER chaperone
proteins calreticulin, Hsp90, and PDIA3. Concomitantly, our CD47
antibodies increased autophagy and JAK/STAT signaling which re-
sulted in both ATP and HMGB1 release, respectively. Finally, we dem-
onstrated that in combination, our antibodies potentiated the effects
of ICD/DAMP-inducing chemotherapy (eg. Doxorubicin).
Conclusions
Here, we describe the unique ability of a specific subset of next gen-
eration CD47 antibodies, such as AO-176 to induce ICD/DAMPs. RNA-
seq analysis of treated cells also revealed alteration of several
pathways, including those where DAMPs play a role. In summary,
next generation CD47 antibodies such as AO-176 may provide a
novel approach to enhancing the current landscape of checkpoint
immunotherapy by enhancing both the innate and adaptive immune
responses against tumors.
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Background
Genetically engineered natural killer (NK) cells have shown promise
as immunotherapies for hematologic malignancies; however, clinical
treatment of solid tumors is lagging. This setback is caused by many
mechanisms, including accumulation of immunosuppressive adeno-
sine (ADO) [1,2,3] generated from ectoenzymes CD39 and CD73 by
cancer cells [4]. We have shown that ADO suppresses NK cell anti-
tumor immunity, resulting in downregulation of activating receptor
expression and impaired metabolic activity. To overcome immuno-
metabolic suppression due to adenosinergic signaling, we are engin-
eering NK cells directed against CD73 by imparting in situ ADCC-like
activation upon NK cells using a novel genetic construct.
Methods
Peripheral blood-derived NK cells were isolated from healthy human
donors. For ADO studies, NK cells were primed 24 hours with IL-2
(200 IU/ml or 400 IU/ml), IL-15 (100 ng/ml), or IL-12 (20 ng/ml) and
IL-15 (100 ng/ml) with or without exogenous ADO (1 mM). Treat-
ments were performed with adenosine A2 receptor inhibitor
SCH58261, and EHNA, an ADO deaminase inhibitor. Cytotoxicity
against CD73+ cells was measured using 7- AAD/CFSE staining, while
IFNγ and activating marker expression were measured by flow cy-
tometry. Differential gene expression due to ADO was determined by
RNAseq. Engineering NK cells using a novel genetic construct was
made by fusing CD73 scFv with CD16a-derived signaling domains
before transcribing into mRNA. CAR NK cells were generated by elec-
troporation of the mRNA, and tested for NK transfection efficiency
and effector function against CD73+ solid tumors.
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Results
Results show that ADO reprograms NK cells’ anti-tumor responses,
and priming NK cells with IL-12 and IL-15 can partially mitigate ADO-
induced immunosuppression. Using IL-12 and IL-15 was preferential
to using IL-2, and IFNγ production in response to ADO was en-
hanced. Furthermore, ADO resulted in altered gene expression signa-
tures that matched impaired IFNγ signaling and cellular metabolism
in NK cells. To block adenosinergic signaling, a novel genetic con-
struct that fuses CD73 scFv with in situ ADCC-like signaling was gen-
erated. Human NK cells were successfully electroporated with mRNA
encoding the construct. These cells are currently being evaluated for
effector function and ability to block CD73-induced immunosuppres-
sion on solid tumor targets.
Conclusions
The microenvironment of solid tumors is highly immunosuppressive
via the activity of CD73 expressed on cancer cells. Our results dem-
onstrate that ADO can act on specific NK cell pathways to cause NK
cell inhibition. Harnessing these results, a novel CD73-targeting con-
struct is currently being investigated to redirect NK cell function
when targeting solid tumors.
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Background
(Looking to give a short talk as this technical breakthrough would
help many labs in the field.) Natural killer (NK) cells have a great po-
tential as a therapeutic agent against tumor cells. Genetic modifica-
tions of NK cells such as gene knock-out or exogenous protein
expression are important for boosting NK cell expansion or NK cell
killing specificity. Unfortunately, viral vectors that are commonly used
for other types of cell immunotherapy have poor efficiency in NK cell
transduction. As a physical method, electroporation theoretically
should work well with NK cells but the special biology of NK cells
have made it difficult to achieve high efficiency in NK cell electropor-
ation and cell viability was also a major issue. For example, electro-
poration of plasmids used to have poor efficiency and high cell
mortality in expanded NK cells.
Methods
Here we used a two-pronged approach to tackle the NK cell
electroporation problem. First, a novel electroporation method
was used involving a new device that has surpassed the per-
formance of all other electroporation technologies on the mar-
ket. Second, instead of using expanded NK cells, we used fresh
un-expanded NK cells that were previously considered harder
for electroporation.
Results
Using a relatively high cell concentration, we selected a high electric
field strength and were able to quickly achieve a very high efficiency
(40% to 50%) for fresh NK cells electroporated with plasmids. The
viability of the NK cells after electroporation was between 85% and
95%. Electroporation of mRNA or Cas9/gRNA ribonucleoproteins
(RNPs) is much easier than electroporation of plasmids and the new
method would allow complex experimental designs such as co-
transfection of RNP and plasmids for knock-in.
Conclusions
With the new high efficiency NK cell electroporation method, genetic
modification for NK cells has become easily accessible, thereby allow-
ing more possibilities of clinical anti-tumor applications of NK cells.
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Background
Type I interferons are major players in mounting immune response to
cancer cells. IFNβ release by antigen-presenting cells promotes spon-
taneous anti-tumor CD8+ T cell priming being largely dependent on ac-
tivation of Stimulator of Interferon Genes (STING). In preclinical murine
models intratumoral injection of cyclic dinucleotide (CDN) STING ago-
nists induced regression of established tumors and generated long-
term immunologic memory. Relative instability and chemical nature of
cyclic dinucleotides limit their use as systemically available immuno-
therapeutics. Therefore, herein we report the discovery of potent and
selective first-in-class non-nucleotide, non-macrocyclic, small molecule
direct STING agonists, structurally unrelated to known chemotypes with
potential for systemic administration routes.
Methods
Cytokine release has been determined by ELISA or AlphaLisa in human
peripheral blood mononuclear cells (PBMC) obtained from healthy hu-
man subjects. Activation of STING pathway was monitored in THP-1
Dual reporter monocytic cell line. Human monocyte-derived macro-
phages (HMDM) and human monocyte-derived dendritic cells (HMDC)
were differentiated from CD14+ cells (obtained from PBMC) in the pres-
ence of GM-CSF and GM-CSF with IL-4 for HMDM and HMDC, respect-
ively. Mouse bone marrow-derived macrophages (BMDM) were
obtained from C57BL/6 mice. Surface expression of the antigen-
presenting cell maturation markers i.e. CD80, CD86, CD83 and HLA-DR
was assessed by flow cytometry with corresponding isotype controls.
The binding affinity was confirmed by Fluorescence Thermal Shift,
Fluorescence Polarisation and Microscale Thermophoresis.
Results
STING agonists have confirmed direct binding to both mouse and hu-
man STING protein in three independent biophysical binding assays
(FTS, MST and FP) and by additional crystallography studies. The com-
pounds have fine-tunable ADME properties with particularly good solu-
bility, permeability and human plasma stability. They selectively
activated STING-dependent signaling in both THP-1 reporter assays and
in primary cells of human and mouse origin. In vitro functional assays
demonstrated their ability to induce cytokine responses (IFNβ, TNFα) in
a panel of human peripheral blood mononuclear cell (PBMC), human
monocyte derived macrophage (HMDM) and human dendritic cells
samples with various STING haplotypes. Additionally, the compounds
efficiently induced cytokine release in mouse bone marrow-derived
macrophages. Pro-inflammatory cytokine profile was accompanied by
up-regulation of the maturation markers, CD80, CD86, CD83 and HLA-
DRon the surface of human antigen presenting cells.
Conclusions
These data demonstrate potent, novel, next-generation small mol-
ecule STING agonists activating STING-dependent signaling in both
mouse and human immune cells to promote potential antitumor im-
munity. The compounds show good selectivity and in vitro ADME
properties enabling further development for systemic administration
as a single agent or in combinatory cancer immunotherapies.
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Background
Antagonizing the SIRPα-CD47 pathway is gaining traction as an effect-
ive and novel approach to immune manipulation as design of immuno-
therapies broadens to include blockade of innate immune checkpoints.
Recently, the combination of tumor-targeting antibodies with SIRPα-
CD47 blockade has provided promising clinical results, suggesting that
increased phagocytosis of cancer cells is clinically relevant for treatment
of hematologic cancers [1]. However, the ability for this combination to
enhance phagocytosis in the context of solid tumors may be remark-
ably diminished for several reasons including reduced expression of
“eat-me” signals like SLAMF7, increased immune suppression in the
tumor microenvironment (TME), and the physical size of tumor cells
when adhered in a complex heterogeneous environment. To achieve
efficacy in solid tumor indications, it is important that therapies block-
ing the SIRPα-CD47 axis also potentiate adaptive immune mechanisms
and not solely phagocytosis.
Methods
Subcutaneous mouse tumor models and a mouse bone marrow-
derived dendritic cell (BMDC) cross-presentation assay were used to
assess the efficacy of SIRPα blockade in solid tumors.
Results
Here we demonstrate that, in addition to increasing macrophage up-
take of tumor cells in suspension, SIRPα blockade also functions to
modify the myeloid compartment in the TME of solid tumors. In four in-
dependent subcutaneous mouse tumor models, we demonstrate that
SIRPα blockade combines in a synergistic manner with PD-1 blockade
to reduce tumor burden. In these models, anti-SIRPα therapy skews the
DC population towards cross-presenting DC1 cells and increases the
CD86 expression on myeloid cells in multiple immune tissues. In vivo
and in vitro, SIRPα blockade correlates with lower levels of SIRPα
present on the cell surface, and we hypothesize that a combination of
downregulation and blockade may cause the skewing of myeloid line-
ages. Using a mouse BMDC cross-presentation assay, we also demon-
strate that the blockade of SIRPα results in increased T cell expansion,
supporting a role for SIRPα blockade in enhancing DC function.
Conclusions
Together, these data suggest that antagonizing SIRPα functions to
skew myeloid cells. This results in enhanced T cell activation and
that, when combined with PD-1 blockade, improves therapeutic effi-
cacy in multiple mouse models. Based on these data in mouse
models, an antibody with specificity for human SIRPα, ADU-1805, is
being developed for use in clinical trials.
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Background
SIRPα immunoregulatory activity on myeloid cells is activated by
binding of its ligand CD47 [1,2], and blockade of the pathway may
enhance anti-tumor immunity [3,4]. Hence the pathway is thought to
represent a novel immune checkpoint. CD47, being ubiquitously
expressed on normal cells and upregulated on many cancer cells,
has been extensively studied in the context of “don’t-eat-me” [5,6].
Alternative strategies are focusing on directly targeting SIRPα be-
cause of its more restricted expression to myeloid-derived lineages
[7].However, the identification of functional human SIRPα antagonis-
tic antibodies has been hampered by the allelic variation in the SIRPα
locus and its homology with the activating receptor SIRPβ and the
decoy receptor SIRPγ.
Methods
Using Aduro Biotech’s B-select platform, we have identified and char-
acterized ADU-1805: a highly selective pan-allele anti-SIRPα antibody
(EC50 SIRPαV1/SIRPαV2 ≤ 3nM) that lacks appreciable SIRPβ binding
(EC50 > 120nM) and cross-reacts with SIRPγ (EC50 ≤ 5nM).
Results
ADU-1805 potently blocks CD47 binding (IC50 ≤ 1.5nM) in all
known human SIRPA genotypes (including homozygous and het-
erozygous genotypes) and antagonizes SIRPα–CD47 interaction on
primary SIRPα+ myeloid cells (IC50 ≤ 4nM). In line with its antag-
onistic properties, ADU-1805 enhances tumor cell clearance by
human granulocytes and macrophages. Furthermore, on the IgG2
subclass backbone selected during the humanization process,
ADU-1805 exhibits improved activity relative to other IgG sub-
classes tested. Finally, unlike data with CD47-targeting antibodies,
ADU-1805 does not trigger hemagglutination or platelet binding/
aggregation in vitro, suggesting a reduced risk of red blood cell
(RBC) and platelet depletion in vivo.
Conclusions
In summary, we have identified ADU-1805 as a potentially best-
in-class antagonistic anti-SIRPα antibody with a unique binding
profile as it binds all reported human SIRPα alleles but does not
appreciably bind to the activating SIRPβ receptor. Blocking the
SIRPα–CD47 innate immune checkpoint with ADU-1805 may
modulate myeloid cells in the tumor microenvironment and pro-
mote antigen presentation and cross-priming of dendritic cells.
We are currently advancing ADU-1805 through preclinical studies.
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Background
Recent studies revealed a critical role for cross-presenting CD103+

dendritic cells (DC1) in both the induction and maintenance of
CD8+ T cell immunity in the tumor. Exclusion of DC1 from the
tumor microenvironment (TME) is a mechanism of immune evasion
by the tumor and contributes to impaired responses to checkpoint
blockade therapy. Elucidating the contributions of different DC
subsets to the TME will be instrumental towards improving current
immunotherapies.
Methods
We compared the myeloid infiltrate of acutely cleared regressor tu-
mors versus progressively growing tumors, an approach that was
previously used to phenotype dysfunctional T cells in the TME [1].
Murine syngeneic tumor lines expressing SIY were categorized as
‘progressor’ or ‘regressor,’ and implanted in wild-type, Rag2-/-, Batf3-/-,
Clec9aGFP/GFP, and CD11c-DTR bone marrow (BM) chimera mice. Flow
immunophenotyping was used to profile the intratumoral myeloid
compartment, and ELISpot was performed to determine the number
of IFNγ-producing CD8+ T cells. To assess function, sorted myeloid
cells were co-cultured with CD8+ T cells to evaluate their ability to in-
duce T cell proliferation. Single cell-RNA-sequencing was performed
to profile the cellular components of the TME in an unbiased fashion.
Results
In contrast to progressor tumors, regressor tumors were more infil-
trated with DC1 than other DC types (non-DC1). A high DC1/non-DC1
ratio was correlated with increased intratumoral CD8+ T cell infiltration
and was predictive of tumor control across different tumor types and
mouse strains. Batf3-/- and Clec9aGFP/GFP mice, which lack functional
DC1, were able to eliminate a subset of regressor tumors, suggesting
that the regression of these tumors was independent of Clec9a-
mediated cross-presentation by Batf3-driven DC1. By IFNγ-ELISpot, we
found that while CD8+ T cell priming was completely ablated in Batf3-/-

and Clec9aGFP/GFP mice implanted with progressor tumors, mice with
regressor tumors retained ~50% CD8+ T cell priming. Ex vivo co-culture
assays of 2C CD8+ T cells with sorted myeloid cells from SIY-expressing
tumors in Batf3-/- mice indicated the presence of CD11c+ cells capable
of non-canonical cross-presentation. Ablation of the CD11c+ compart-
ment using diphtheria toxin-treated CD11c-DTR BM chimeras resulted
in loss of T cell priming and anti-tumor immunity in the regressor
tumor. Single-cell sequencing of the regressor tumor indicated the
presence of a novel DC subset capable of non-canonical cross- presen-
tation in DC1-deficient mice.
Conclusions
Identifying the cell type(s) involved and the mechanism of non-
canonical cross-presentation in regressor tumors can open new
therapeutic avenues to stimulate the anti-tumor immune response
when Batf3-driven DC1 are excluded from the tumor.
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Background
A majority of clinical responses to PD1/L1 blockade occur in patients
with abundant intratumoral PD-L1 expression and lymphocyte infil-
tration, suggesting that additional efficacy may be found in combin-
ation therapies that increase either of these variables. Because PD1/
L1 blockade augments the cytotoxic potential of T cells, synergistic
pathways could include those that reduce immunosuppressive mye-
loid cells or enhance antigen presentation. Here we report the gener-
ation of a novel, two-sided human fusion protein (Agonist Redirected
Checkpoint, ARC), incorporating the extra cellular domains of SIRPα
and CD40L, adjoined by a central Fc domain; termed SIRPα-Fc-
CD40L. The SIRPα-Fc-CD40L construct was designed to simultan-
eously enhance antigen uptake and cross-presentation (CD47 axis)
and enhance antigen presenting cell maturation and function (CD40
axis), with a single compound.
Methods
Human and mouse SIRP -Fc-CD40L were produced and characterized
using a range of biochemical assays to determine molecular weight,
subunit composition & binding affinity; molecular assays to
characterize in vitro/ex vivo binding, in vitro functional activity; and
anti-tumor efficacy in multiple syngeneic tumor model systems. SIRP-
Fc-CD40L has entered late stage manufacturing.
Results
The SIRPα end of the ARC bound immobilized CD47 at 3.59 nM affin-
ity and also CD47 on the surface of human tumor cells both in vitro
and in vivo, but importantly, did not bind human platelets, RBCs, nor
induce hemolytic activity. The CD40L end of the ARC bound immobi-
lized CD40 at 756 pM affinity and also CD40 on primary macro-
phages. The SIRP -Fc-CD40L ARC stimulated Fc receptor-independent
NF B-luciferase signaling and also induced cytokine secretion from
human PBMCs, both with and without TCR stimulation. Furthermore,
when activated human dendritic cells or macrophages were co-
cultured with CD47 positive human tumor cells, SIRPα - Fc-CD40L
was shown to enhance phagocytosis of human tumor cells, and
in vivo in mice, induced rapid activation of CD4+ and CD8+ dendritic
cells. Finally, the therapeutic activity of SIRPα-Fc-CD40L in established
murine MC38 and CT26 tumors was superior to CD47-blocking anti-
body, CD40-agonist antibody, and combination antibody therapy.
Interestingly, anti-tumor response was heightened significantly when
SIRPα-Fc-CD40L was combined with antibody blockade of CTLA4,
PD1, or PDL1.
Conclusions
These data demonstrate feasibility of a novel chimeric fusion protein
platform, providing checkpoint blockade and TNF superfamily costi-
mulation in a single molecule. Signal replacement of CD47 by CD40L
may uniquely poise DCs/macrophages in the tumor microenviron-
ment for activation and cross-presentation of tumor antigens follow-
ing enhanced tumor cell phagocytosis.
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Background
Advaxis’ Lm-based immunotherapies are antigen-based immunother-
apies that are designed to elicit tumor antigen- specific T cell effec-
tors that recognize and kill tumor cells. However, because the tumor
antigens are delivered by a bacterial vaccine vector, innate cytotoxic
effectors, such as NK cells, may also be recruited to play a role in
controlling tumor growth. The purpose of this study is to determine
whether and how NK cells contribute to the antitumor activities of
Lm-based immunotherapy.
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Methods
Tumor growth inhibition was evaluated in C57BL/6 mice that were
implanted with human papillomavirus (HPV)16+ TC-1 tumor cells and
then immunized on days 8, 15 and 22 after tumor implantation with
PBS or with axalimogene filolisbac (AXAL), an Lm-based immunother-
apy expressing the HPV16 E7 protein. To in vivo deplete NK cells,
anti-asialo GM1 antibody (Ab) was administered 1 day before tumor
implantation and at 3-day intervals during the PBS or AXAL treat-
ment regimen. For mechanistic studies, flow cytometric analysis and
immune-related gene profiling of tumor infiltrating leukocytes (TILs)
were performed at various time points after tumor implantation.
Results
We first compared intratumoral NK cell frequency and maturation in
PBS- and AXAL-treated mice. Although the percentages of intratumoral
NK cells in PBS- and AXAL-treated mice were equivalent, NK cells in tu-
mors of AXAL-treated mice were more functionally mature, based on
their high expression of CD11b and granzyme A, than NK cells in tumors
of PBS-treated mice. To determine whether AXAL-induced NK cell activ-
ity was required for AXAL-mediated tumor control, we used anti-asialo
GM1 Ab to in vivo deplete NK cells. In AXAL-treated mice, NK cell deple-
tion resulted in a complete loss of tumor growth inhibition. Phenotypic
and functional analyses of TILs revealed impaired dendritic cell
(DC) maturation and significantly reduced infiltration of functional
HPV- specific CD8+ T cells in NK cell-depleted AXAL-treated mice
compared to AXAL-treated mice. Gene profiling and pathway ana-
lysis showed that the genes significantly downregulated in tu-
mors of NK cell-depleted AXAL-treated mice versus tumors of
AXAL-treated mice were involved in NK cell signaling, DC matur-
ation, and interferon signaling.
Conclusions
Treatment of tumor-bearing mice with AXAL leads to NK cell activa-
tion, DC maturation and, by extension, an effective antitumor T cell
response. These data suggest that NK-DC cross-talk, which leads to
activation and maturation of both cell types, is a mechanism by
which NK cells contribute to AXAL’s antitumor activities.
Ethics Approval
All mouse experiments were performed under approved IACUC pro-
tocols (0914A2016 and 0914B2016).
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Background
Mobilizing the immune system to treat advanced cancers is now a
clinical reality. Successful immune-based therapies that treat tumors
are often accompanied by immune-related adverse events (irAE) that
can occasionally present with severe and lethal symptoms. Currently,
there are no well-defined preventative approaches to uncouple anti-
tumor immunity from irAEs. The primary immunotherapies currently
in clinical use include agents that activate T cell responses such as
checkpoint blockade of inhibitory pathways and infusion of ex-vivo
tumor-derived, or T cell receptor (TCR)-transgenic or chimeric antigen
receptor-modified T cells. While the beneficial and toxic effects of T
cell-based immunotherapies in the clinic are being extensively ex-
plored, the precise mechanisms underlying their activity remain the
subject of intense investigation.
Methods
In the present study, we treated established tumors with melanoma-
specific adoptive CD4+ T cell transfer and costimulation via OX40 or
CTLA-4 blockade.
Results
We found that, in spite of adequate T cell stimulation, acute local in-
flammation plays a fundamental role in tumor elimination and re-
lated irAEs. While stimulated T cells are necessary for initiating a
therapeutic response, activation of endogenous neutrophils consti-
tute an important and necessary effector mechanism of tumor de-
struction and irAEs. Extensive neutrophil extracellular traps (NETs)
were associated with irAEs. Furthermore, melanoma patients treated
with checkpoint blockade who developed skin rashes equivalent to
irAEs found in mice, showed increased survival and NETs were found
in biopsies from rashes and tumors.
Conclusions
Our results bring forward a novel paradigm where T cells enact an
anti-tumor immune response that is followed by an inflammatory ef-
fector mechanism provided by the innate immune system with cura-
tive as well as morbid effects in mice and patients.
Ethics Approval
All tissues were collected at MSKCC following consent to an institu-
tional biospecimen collection study protocol approved by the MSKCC
Institutional Review Board. Informed consent was obtained for all pa-
tients. The study was in strict compliance with all institutional ethical
regulations
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Background
Natural killer (NK) cells infiltrate renal cell carcinoma (RCC) tumors
and may play a key role in modulating tumor progression, as high
NK cell frequencies have been correlated with improved patient sur-
vival. However, NK cells, as well as T cells, have been found be
phenotypically and functionally suppressed in the tumor
microenvironment.
Methods
We investigated immune cell phenotypes and secretion signatures in
blood and primary tumors of RCC patients and applied the super-
vised multivariate analysis tool Orthogonal Projections to Latent
Structures (OPLS) to correlate those with disease parameters.
Results
We found that DNAM-1 expression on intratumoral NK cells is associ-
ated with a lower Fuhrman grade, whereas PD-1 expression on per-
ipheral blood lymphocytes correlates with a lower primary tumor
stage. Furthermore, we identified differences in the immune profiles
of blood and tumor of each patient using an OPLS approach. We
showed that DNAM-1 is significantly downregulated on tumor-
infiltrating T and NK cells compared with peripheral blood
(p=0.0006). Indeed, our in vitro experiments suggested that this is
likely triggered by contact with tumor cells.
Conclusions
Our results suggest that while T and NK cells can be activated by RCC tu-
mors, they are also inhibited through DNAM-1 down-regulation, which
seems to be a central mechanism of immune escape by RCC tumors.
Ethics Approval
The study was approved by the Regional Ethical Review Board in
Stockholm, approval number #2013-570-31.
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Background
Targeted immunotherapy with engineered natural killer (NK) cells
has proven to be a promising approach for the treatment of solid tu-
mors. The pathogenesis of solid cancers, however, causes severe im-
munosuppression, due to mechanisms which include the generation
of immunosuppressive adenosine by the cancer-associated enzyme
CD73, as well as the expression of CD155, which causes immune cell
dysfunction. Moreover, challenges in sourcing NK cells impair the de-
velopment of immunotherapies for solid tumors, promoting interest
in using induced pluripotent stem cells (iPSCs) as a source of allogen-
eic NK cells.
Methods
We have generated “off-the-shelf” NK cells differentiated from iPS
cells using a novel feeder-free cell culture protocol. These cells can
act as a source of allogeneic NK cells that can be genetically engi-
neered for use in cancer immunotherapy. Additionally, we are genet-
ically engineering NK cells with a responsive genetic construct which
combines extracellular TIGIT, a ligand for CD155, with intracellular
signaling elements that redirect inhibition induced by CD155/TIGIT
interaction to trigger release of CD73 scFv. These multi-functional NK
cells are capable of competitively binding to CD155+ cancer cells,
displacing the inhibition induced by CD155/TIGIT interaction, and
blocking CD73. Engineered NK cells are generated via transfection
using mRNA electroporation and assessed for cytotoxic function
against CD73+ targets.
Results
Initially, iPS cells were differentiated into hematopoietic progenitor
cells. These cells were characterized via flow cytometry using cell sur-
face markers expressed on hematopoietic progenitors – CD34, CD43,
and CD45. Differentiation yielded CD34+/CD45+ and CD34+/CD43+
cell populations of approximately 20% and 13%, respectively, consist-
ent with results described in literature using feeder-based protocols
[1]. Following four weeks of NK cell culture, cells were further ana-
lyzed and yielded high expression of several NK cell maturation
markers under optimal conditions (greater than 70%, 45%, and 55%,
for CD3-/CD56+, CD94+, and NKp46+ cell populations, respectively).
In parallel, we have generated a responsive construct targeting
CD155 with the concomitant release of CD73 scFv and are character-
izing its effect on NK cells’ anti-tumor immunity.
Conclusions
We have shown that NK cells can be generated from iPSCs using an
efficient feeder-free protocol. We also synthesized a novel genetic
construct which redirects TIGIT-induced inhibition and triggers re-
lease of therapeutic CD73 scFv. NK cells engineered with our con-
struct are expected to inhibit immunometabolic suppression due to
multi-functional CD73 and CD155 activity and enhance the killing
ability of NK cells against solid tumor targets, allowing improved can-
cer targeting over traditional chimeric antigen receptor-NK therapies.
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Background
Immune checkpoint inhibitors (CPI) targeting adaptive immunity
have significantly improved patient outcomes in many tumor
types, but other approaches are needed to extend clinical benefit
to more patients. Targeting innate immunity to provide broader
activation of the immune system may be one approach to com-
plement CPI activity. The NLRP3 inflammasome pathway, a key
mediator of innate immunity and immune homeostasis, promotes
pro- inflammatory response through the maturation of cytokines
interleukin-1β (IL-1β) and IL-18, which drive augmented adaptive
immune and T-cell memory responses. Targeting innate immune
activation through the NLRP3 inflammasome represents a novel
and differentiated approach to activating the antitumor immune
cycle. Here, we present the preclinical evaluation of a first-in-class
NLRP3 agonist BMS-986299 ± CPI.
Methods
Cellular activation of the NLRP3 inflammasome was investigated
using cell imaging, biochemical methods, and cytokine release as-
says. Selectivity of BMS-986299 was confirmed in NLRP3-deficient
cells. To investigate whether local activation of NLRP3 could drive
systemic antitumor immunity, resulting in abscopal antitumor ef-
fects, BMS-986299 (intratumorally 6 to 100 μg Q2D×3 or Q1W) ±
anti-PD-1 or anti-CTLA-4 CPI (intraperitoneally) was evaluated in
mouse syngeneic tumor models (eg, EG7 thymoma and MC38 colon
adenocarcinoma); abscopal activity was measured in a noninjected
distal tumor.
Results
BMS-986299 selectively activated the human and mouse NLRP3
inflammasome, resulting in inflammasome assembly (ASC speck for-
mation), caspase-1 activation, and IL-1β and IL-18 cleavage/release.
BMS-986299 induced IL-1β at EC50 ≈ 0.5 μM in human PBMCs. In
allogeneic mixed lymphocyte reaction assays, single-agent BMS-
986299 enhanced T-cell activation; the addition of CPI resulted in
further improvements. Pharmacodynamic studies revealed that
intratumoral administration of BMS-986299 led to localized release
of IL-1β and IL-18 within injected tumors. In the EG7 model, BMS-
986299 was sufficient to induce complete regression in both injected
and abscopal tumors; efficacy was abrogated in NLRP3 deficient mice,
confirming that antitumor activity was NLRP3-dependent for this mol-
ecule. In the MC38 model, BMS-986299 in combination with PD-1
blockade resulted in reduced tumor growth in both injected and absco-
pal tumors (≥ 50% complete tumor regressions). In both models, all
mice achieving complete tumor regression with BMS-986299 ± CPI
rejected fresh tumor cells when rechallenged without further treat-
ment, demonstrating long-term, durable antitumor immunity.
Conclusions
BMS-986299 is a first-in-class, selective NLRP3 innate agonist, with
robust preclinical antitumor activity ± CPI. These data support the
ongoing clinical evaluation of BMS-986299 as a novel therapeutic
for the treatment of solid tumors in combination with CPI
[NCT03444753].
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committee.

P525
Preclinical characterization of BMS-986301, a differentiated STING
agonist with robust antitumor activity as monotherapy or in
combination with anti–PD-1
Gary Schieven, PhD2, Jennifer Brown2, Jesse Swanson, BS2, Caitlyn Stromko2,
Ching-Ping Ho, BS2, Rosemary Zhang2, Bifang Li-Wang2, Hongchen Qiu2,
Huadong Sun2, Brian Fink, PhD2, Anwar Murtaza, PhD2, John Hunt, PhD2

1Chrysalis Medical, Hayward, CA, USA; 2Bristol-Myers Squibb, Princeton,
NJ, USA
Correspondence: Gary Schieven (gary.schieven@bms.com)
Journal for ImmunoTherapy of Cancer 2018, 6(Suppl 1):P525

Background
Immune checkpoint inhibitors (CPI) targeting adaptive immunity have
improved patient outcomes in many tumors, but other approaches are
needed to extend benefit to more patients. Targeting innate immunity
to provide broader activation of the immune system may be one ap-
proach to complement CPI activity. Stimulator of interferon genes
(STING) enhances antitumor immunity by inducing innate immune re-
sponses leading to T-cell priming and activation, resulting in a more ef-
fective antitumor response. Here we present the preclinical evaluation
of the novel STING agonist BMS-986301 ± anti–PD-1.
Methods
BMS-986301 activity was studied in reporter cell lines and mouse/hu-
man peripheral blood mononuclear cells (PBMCs). T-cell proliferation
and survival were evaluated in resting and activated T cells. Antitu-
mor activity of BMS-986301 (intratumorally) ± anti–PD-1 (intraperito-
neally) was evaluated in bilaterally implanted staged (100 mm3) CT26
or MC38 mouse tumor models; abscopal activity was measured in
the noninjected distal tumor. Immune cell levels were measured by
flow cytometry, with tetramer staining of tumor-reactive CD8+ T cells.
The STING agonist ADU-S100 was used as a reference.
Results
BMS-986301 induced cytokine and Type I interferon response gene
expression, with comparable potency in human and mouse PBMCs.
In human PBMCs, comparable activity was observed across major
STING variants. No responses were observed in STING-deficient cells
or mice, demonstrating specificity. Because STING agonists can in-
hibit T-cell proliferation and survival, BMS-986301 was tested and
showed low cytotoxicity toward CD8+ resting human T cells and de-
creased inhibition of proliferation of activated human T cells in vitro
relative to ADU-S100. BMS-986301 monotherapy (250 ug every 4
days [Q4D]×3) achieved >90% complete regressions of injected and
noninjected tumors in both tumor models, showing abscopal effects
in a dose-dependent manner. Identical dosing with ADU-S100 (250
ug Q4D×3) provided 13% complete regressions in both tumor
models. In the CT26 model, anti–PD-1 plus a single dose of BMS-
986301 (100 ug) provided 80% complete regressions of injected/non-
injected tumors; no complete regressions were observed with anti–
PD-1 alone. BMS-986301 induced increased expression of genes asso-
ciated with T-cell activation in tumors and draining lymph nodes, in-
duced T-cell proliferation, and increased NK-cell infiltration into
tumors. In the CT26 model, antitumor activity correlated with induc-
tion of circulating tumor-reactive T cells. All CT26 mice achieving
complete regressions with BMS-986301 rejected fresh tumor cells
without further treatment, demonstrating immunological memory.
Conclusions
BMS-986301 is a differentiated STING agonist, with promising preclin-
ical antitumor activity alone and in combination with anti–PD-1, sup-
porting its evaluation in future clinical studies.
Ethics Approval
This preclinical study was conducted in accordance with ethical prin-
ciples and local laws/regulations. The use of samples were reviewed
and approved by an institutional review board or independent ethics
committee.
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Background
Immunotherapy has been largely ineffective in pancreatic cancer,
partially due to the dense stromal fibrosis surrounding the tumor
that creates an immunosuppressive microenvironment. The main cel-
lular component of this fibrosis, activated pancreatic stellate cells
(aPSCs), are marked by elevated expression of fibroblast activation
protein (FAP). Here we investigate the relationship between FAP and
the cytotoxic activity of natural killer (NK) cells.
Methods
To assess the relationship between aPSCs and NK cells we used a
novel in vitro co-culturing system that utilizes primary donor-derived
PSCs and a human NK cell line, NK92. We tested the ability of NK
cells to kill aPSCs using CytotoxGlo and Annexin V assays. We moni-
tored FAP expression and markers of activation in aPSC and NK cells
using rt-qPCR, western blot and flow cytometry. To assess the effects
of FAP inhibition we used a non-specific FAP inhibitor, talabostat,
in vitro and in vivo. 1 μM of talabostat was added to coculturing con-
ditions and NK lysis of aPSCs was determined. For in vivo studies
forty female C57BL/6 mice were injected subcutaneously with 1X105
syngeneic MT3-2D cells (Kras+/G12D, p53+/-R172H derived from a
PDAC KPC GEMM model [1]). Once tumors reached 40-50 mm3, ten
mice per group were given either 30 ug of talabostat per mouse
daily by oral gavage, 200 ug of anti-PD-1 per mouse twice a week by
i.p., both, or neither. Control mice were treated with PBS. Treatment
was terminated after 4 weeks and the mice were monitored, with
tumor measurements occurring weekly.
Results
Here we demonstrate that the human NK cell line (NK92) is acti-
vated by and kills aPSCs, potentially via recognition of MICA/B on
aPSCs by NK cell surface receptor NKG2D. Upon direct contact
with PSCs, PSCs downregulate FAP expression and NK92 cells up-
regulate FAP. This is the first-time NK cells have been shown to
produce FAP and that induction of FAP is mediated by cell-to-cell
contact. Furthermore, FAP expression by NK92 cells is associated
with an inactivate phenotype. FAP inhibition enhances NK92 kill-
ing of PSCs in vitro and enhances PDAC tumor clearance in vivo.
The anti-tumor activity of FAP inhibition was enhanced upon
addition of anti-PD-1 therapy. (Figures 1-5)
Conclusions
This suggests FAP functions as an NK cell immune checkpoint. FAP is
expressed in NK cells after activation to attenuate cytotoxicity and
can be inhibited to enhance anti-tumor immunity.
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Background
Imprime PGG (Imprime), an intravenously-administered soluble, yeast
β-1,3/1,6-glucan, is currently in clinical development with tumor-
targeting antibodies, anti-angiogenics, and checkpoint inhibitors. The
fundamental mechanistic rationale for these therapeutic combina-
tions is that Imprime, being a PAMP, primes innate immune effector
functions to ultimately inspire an adaptive immune response-based
anti-cancer immunity cycle. Imprime forms a tripartite immune com-
plex (IC) comprising of Imprime, naturally occurring anti-β-glucan
antibodies (ABA) and iC3b complement opsonin in subjects with suf-
ficient ABA levels. Ex vivo human and in vivo mouse studies have
shown that the innate immune receptor, FcgRIIA, and the pattern
recognition receptors, complement receptor 3 (CR3) and Dectin-1,
are critical for Imprime’s innate immune responses. However, the
contributions of the complement system, a vital component of in-
nate immunity, towards the functional activity of Imprime has not
been thoroughly investigated. Imprime-ABA IC activates the classical
complement pathway and releases C5a. As C5a is a well-known prim-
ing agent, and cross-talks with the other innate immune receptors,
we hypothesized that Imprime- induced C5a will engage the C5a-C5a
receptor (C5aR) signaling pathway to enhance Imprime binding and
innate immune effector functionalities.
Methods
The role of C5a in Imprime-ABA binding to isolated neutrophils was
evaluated by: a) adding exogenous C5a; b) using C5a-depleted
serum, and c) using C5aR antagonist (C5aRA). Cytokine production in
healthy subjects with sufficient ABA levels were measured 24hrs
post-Imprime treatment in the presence or absence of C5aRA by
multiplex luminex assays. The effect of C5a inhibitors was also evalu-
ated in a chemiluminescence-based oxidative burst assay measuring
reactive oxygen species (ROS) generated by Imprime-treated isolated
neutrophils in response to Rituxan-bound B cell lymphoma cells. In
order to test these endpoints in complement-depleted conditions,
the whole blood was washed extensively to remove the plasma.
Results
Addition of exogenous C5a increased the percentage of neutrophils
binding to Imprime in a dose-dependent manner. Furthermore,
Imprime binding in the presence of C5aRA and C5a-depleted serum
was significantly reduced. Functionally, C5aRA abrogated cytokine
production ( IL-8, MCP-1, MIP-1alpha, and IL-6) in Imprime-treated
blood. Likewise, Imprime-ABA induced ROS in high-ABA blood was
greatly inhibited in C5a-depleted serum and could be rescued by
replenishing complements. C5aRA also inhibited Imprime-induced
ROS production. In a non- physiological, complement-depleted con-
dition, Imprime bound predominantly via FcgRIIA, resulting in dimin-
ished cytokine and ROS responses.
Conclusions
These results collectively demonstrate that Imprime-induced C5a play
a critical role in enhancing Imprime binding and functional re-
sponses, potentially by lowering the signaling threshold of the other
innate immune receptors.
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Background
Alpha-fetoprotein (AFP) is an oncofetal antigen expressed during
fetal development and by over 50% of hepatocellular carcinomas
(HCC). AFP-L3 is the major isoform present in the serum of HCC pa-
tients and is associated with poor patient prognosis. While tumor-
derived AFP (tAFP) contains >80% of AFP-L3, cord blood serum-
derived AFP (nAFP) contains less than 5% of AFP-L3. We have previ-
ously shown that monocyte-derived dendritic cells (DC) cultured in
the presence of AFP (in particular tAFP), retained a monocyte-like
morphology, had decreased expression of DC maturation markers,
and are poor stimulators of antigen-specific T cell responses. In this
study, the effect of AFP on DC metabolism was examined.
Methods
PBMC were isolated from healthy donor (HD) or HCC patients using
Ficoll-Paque density gradient centrifugation. HD monocytes were iso-
lated from PBMC and cultured for 5 days with IL-4 and GM-CSF to
generate DC in the presence of 10 μg/mL ovalbumin (OVA), nAFP or
tAFP. DC were collected and tested for 1) mitochondria levels and
function by flow cytometry, 2) metabolic function by seahorse extra-
cellular flux analyzer, 3) expression of oxidative phosphorylation pro-
teins, SREBP-1 and downstream gene targets via Western Blot, and 4)
expression of PGC1-α via flow cytometry. PBMC from HCC patients
were stained with surface markers to identify different circulating DC
subsets prior to intracellular staining with PGC1-α.
Results
DC cultured in the presence of nAFP and tAFP show reduced expres-
sion of mitochondrial regulator PGC1-α. Furthermore, nAFP- and
tAFP-DC had reduced mitochondrial mass and mitochondrial activity
compared to OVA- DC. This was confirmed by a reduction in the
basal oxygen consumption rate (OCR) in nAFP-DC and a more severe
reduction in basal OCR in tAFP-DC, with changes in DC metabolism
occurring within 24 hours of AFP exposure.
The decrease in oxygen consumption in DC exposed to nAFP and
tAFP is attributed to downregulation of cytochrome c oxidase, re-
sponsible for the reduction of oxygen into water. Importantly, circu-
lating myeloid DC from HCC patients have reduced PGC1-α
expression compared to healthy donors. Lastly, there was a reduction
in the expression of the transcription factor SREBP-1 and down-
stream targets FASN and ACLY in DC exposed to nAFP and tAFP, sug-
gesting mechanistic inhibition of mTORC1 pathway in DC by AFP.
Conclusions
Collectively, these data show the profound negative effects of AFP
on DC metabolism. These novel findings elucidate a key mechanism
of immune suppression in HCC and may lead to new therapeutic ap-
proaches to reverse these effects.
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Background
CD47 is over expressed on many different human cancers and it is also
known as a “don’t eat me” signal. Many studies have demonstrated
that there is great potential for targeting the CD47-SIRPα pathway as
therapy for cancer. Efforts have been made to develop therapies inhi-
biting the CD47-SIRPα pathway, through antibodies directed against
CD47 and recombinant SIRPα proteins. We have developed a novel
small molecule CD47 antagonist, AU7R-104, as therapeutic agent for
solid and hematological cancers. AU7R-104 enhances phagocytosis of
tumor cells and exhibits good drug-like properties with good anti-
tumor activity. Here, we report the in vivo activity of AU7R-104 in differ-
ent tumor models, biomarker characterization and safety profile of
AU7R-104 in rodents and non-rodents.
Methods
We have identified preclinical candidate compound AU7R-104 with
potent in vitro and in vivo activity. AU7R-104 was profiled extensively
in different tumor models both as single agent and in combination
with tumor specific antibodies and other anti-cancer agents. In the
PK-PD and efficacy studies, efforts were made for biomarker
characterization through multiplex and FACS analysis. Advanced pro-
filing of AU7R-104 has been completed in DMPK and toxicological
studies in rodents and non-rodents.
Results
AU7R-104 has potent anti-tumor activity both as a single agent and
in combination with anti-cancer agents. In the PK-PD studies, AU7R-
104 enhanced in vivo phagocytosis in both macrophages and den-
dritic cells. Multiplex analysis of serum samples indicated there was
modulation of macrophage and T-cell mediated cytokines. In the ad-
vanced ADME assays, AU7R-104 demonstrated good drug-like prop-
erties without any significant alerts. AU7R- 104 combination
treatments were well tolerated. Preliminary safety evaluation of
AU7R-104 in both rodents and non-rodents indicated the lack of
safety concerns typically associated with anti-CD47 antibodies or
SIRPα-Fc protein therapeutics.
Conclusions
The above findings support further development of these orally bio-
available agents for use in the clinic
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Background
Multiple myeloma (MM) is a malignant hematological disease charac-
terized by a dysregulated growth of malignant plasma cells. Different
therapeutic options are available for MM patients; however, the dis-
ease remains mostly incurable. B-cell maturation antigen (BCMA) is a
promising target in MM because of its restricted expression in normal
and malignant plasma cells [1]. NK cells have been implicated in the
clinical efficacy of several therapies against MM and may contribute
to the success of stem cell transplantation (SCT) by clearing residual
cancer cells [2]. In patients with advanced MM, NK cell function is im-
paired by downregulation of activating receptors including NKG2D,
2B4, and CD16A (FcγRIIIA) [3,4]. Downregulation of CD16A is particu-
larly problematic for conventional anti-BMCA antibodies seeking to
elicit ADCC. In contrast, expression of NKp30 remains stable, provid-
ing a compelling rationale for the design of BCMA-targeted multispe-
cific molecules that redirect NK cell killing by engaging NKp30 to
overcome deficiencies in other activating NK receptors.
Methods
Our Stitchmabs™ and common light chain (LC) bispecific antibody plat-
forms were employed to discover and engineer CTX-4419, a tetravalent,
fully human, bispecific molecule consisting of a novel IgG1 antibody
recognizing BCMA fused at the c-terminus to two anti-NKp30 Fab frag-
ments with a common LC sequence. The in vitro activity of CTX-4419
was compared against a conventional anti-BCMA IgG1 antibody format
for its capacity to induce killing of MM cells and cytokine and chemo-
kine production by primary NK cells and NK cell lines.
Results
When tested with primary NK cells expressing both CD16A and NKp30,
CTX-4419 induced potent NK cell cytotoxicity and cytokine production
against tumor cells which was superior to the monoclonal IgG1 anti-
BCMA control. In contrast to the anti-BCMA IgG1 control that activated
only CD16A+ NK cells, CTX-4419 induced potent killing of MM cells and
IFN-γ production by KHGY-1, a CD16A- NKp30+ cell line, showing that
CTX-4419 can redirect NK cell subsets with low expression of CD16A to
kill MM cells. Additionally, an Fc-silent version of CTX-4419 retained ac-
tivity, further supporting a CD16A-independent function. Importantly,
CTX-4419 did not activate NK cells in the absence of BCMA-expressing
tumor cells, indicating no off-target effects.
Conclusions
We have engineered and characterized a first-in-class, differentiated
bispecific NK cell engager that potently redirects NKp30+ NK cells to
kill BCMA+ tumor cells. Unlike traditional anti-BCMA mAbs, CTX-4419
remains highly active in the absence of CD16A engagement. CTX-
4419 in undergoing monotherapy assessment in pre- clinical models
including experiments with patient derived samples.
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Background
Engineering natural killer (NK) cells with chimeric antigen receptors
(CARs) can enhance their targeting of solid tumor malignancies [1].
However, the CD73-mediated generation of adenosine (ADO) within
the hypoxic microenvironment of many solid tumors induces severe
immunometabolic suppression which impairs their activation and
anti-tumor immunity (Figure 1A) [2–4].
Methods
In an effort to overcome purinergic immunometabolic suppression
and improve NK cell-mediated anti-tumor function, we have devel-
oped an immunotherapeutic treatment approach which combines
non-virally engineered NKG2D-retargeted CAR-NK-92 (NKG2D.CAR-
NK-92) cells alongside neutralization of CD73 ectonucleotidase activ-
ity (Figure 1B). We have quantified the cytotoxicity of these engi-
neered cells in terms of IFN-γ expression and degranulation activity,
and characterized their anti-tumor effects and homing of on CD73+
solid tumors in vivo.
Results
CAR-NK-92 cells, expressing a chimeric immunoreceptor targeting
NKG2D based on the piggyBac transposon system, showed sig-
nificantly higher IFN-γ production, degranulation capacity, and
lytic ability against solid tumor cells compared with wild-type NK
cells. CD73 blockade was able to further enhance the killing abil-
ity of CAR- engineered NK cells against CD73+ solid tumor tar-
gets. In vivo, neutralization of CD73 activity promoted anti-
tumor efficacy of the engineered NK cells against CD73+ human
lung cancer xenografts, including a greater delay in tumor
growth, no obvious toxicity, and increased tumor-infiltrating NK
cells (Figure 1C-G). CD73 blockade could contribute to the delay
in tumor growth in vivo independently of adaptive immune cells,
innate immunity or NK cell-mediated ADCC, suggesting that CD73
might contribute to tumor metastasis via autocrine-like mecha-
nisms outside of its ectonucleotidase activity.
Conclusions
Immunometabolism is emerging as a profound mediator of NK
cell anti-tumor immunity. Immunotherapies targeting the adenosi-
nergic signaling pathway, such as by neutralizing CD73 ectoenzy-
matic activity, had, however, not been evaluated on NK cells. Our
studies demonstrate, for the first time, the potential of targeting
CD73 to modulate purinergic signaling and enhance adoptive NK
cell immunotherapy via mechanisms that could implicate auto-
crine tumor control as well as by mediating adenosinergic signal-
ing. We also provided the basis for targeting the regulation of
cancer metabolism as a promising strategy for enhancing the
therapeutic efficacy of CAR-modified NK cells for immunotherapy
of solid tumors. Based on these results, in order to achieve
affective redirection of purinergic signaling while enhancing can-
cer targeting specificity, we are currently designing and charac-
terizing a multi-functional CAR-NK cell which consists of a single
chain antibody targeting CD73 alongside dual chimeric antigen
receptor targeting, as a next-generation, single-agent immunome-
tabolic therapy of solid tumors with NK cells.
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Background
Myeloid-derived suppressor cells in the tumor microenvironment
contribute to tumor immune evasion by suppressing local T cell acti-
vation, proliferation, and anti-tumor effector responses, identifying
them as targets for therapeutic intervention. ILT4 is an inhibitory
member of the immunoglobulin-like transcript (ILT) family of
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proteins. It is expressed primarily by myeloid cells, including those in
the tumor microenvironment, and interacts with major histocompati-
bility (MHC) class I complexes and angiopoietin-like (ANGPTL) li-
gands. ILT4 signaling is associated with the induction of a
tolerogenic phenotype in antigen presenting cells. We demonstrate
the pre-clinical anti-tumor properties of a first-in-class anti-ILT4
monoclonal antibody which has now entered clinical trials in patients
with advanced solid tumors.
Methods
The clinical candidate MK-4830 is a fully human monoclonal antibody
that we selected for specificity, ligand blockade, and functional
downstream signaling antagonism of ILT4. Primary human tumor tis-
sue, blood, and serum were profiled for the expression of ILT4 and
its ligands. Primary human PBMCs were used to discover MK-4830-
dependent, myeloid-associated cytokine responses in vitro. A human-
ized mouse model implanted with a patient- derived melanoma cell
line (SK-MEL-5) was used to evaluate the mechanism of action of
ILT4 antagonism and its anti-tumor efficacy.
Results
MK-4830 is specific to ILT4 and does not bind other ILT-family recep-
tors. MK-4830 blocks ILT4 ligand binding and reverses ILT4-mediated
suppression of signal transduction. Blocking ILT4 in vitro enhances pro-
inflammatory cytokine expression of GM-CSF and TNFα in LPS-
stimulated human PBMC cultures. ILT4 is expressed in primary human
tumor samples and ILT4+ myeloid cells are observed both in the per-
iphery and in the tumor infiltrate within the humanized mouse tumor
model. Administration of MK-4830 in the humanized mouse tumor
model resulted in approximately 50% reduction in tumor growth, alter-
ations in both splenic and tumor myeloid subset distributions, as well
as changes in myeloid-centric chemokine and cytokine profiles.
Conclusions
MK-4830, a novel first-in-class antagonist ILT4 antibody, induces ro-
bust anti-tumor activity in a humanized mouse tumor model. The
preclinical data presented here support the ongoing clinical evalu-
ation of MK-4830 as an anti- cancer therapy and suggests its poten-
tial to target tumor-associated myeloid cells in combination with
other immune checkpoint blockers.
Trial Registration
Study of MK-4830 as Monotherapy and in Combination With Pem-
brolizumab (MK-3475) in Participants With Advanced Solid Tumors
(MK-4830-001). (2018). Retrieved from https://clinicaltrials.gov/ct2/
show/results/NCT03564691?term=NCT03564691&rank=1 (Identifica-
tion No. NCT03564691)
Ethics Approval
In vivo experiments used in this study were approved by Merck Re-
search Laboratories’ Ethics Board, approval number P2021-400265-JAN.
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Background
The new approach of chimeric antigen receptor T-cell therapy (CAR-T)
has been proven to be a very effective treatment for hematological ma-
lignancies.[1, 2] The most notable drawbacks of CAR-T is cytokine re-
lease syndrome (CRS) and CAR-related encephalopathy syndrome
(CRES).[3-6] Gastrointestinal adverse events (GI- AEs) associated with
CAR-T have not been studied yet. Herein, we describe the incidence
and features of GI-AEs observed after CAR-T.
Methods
This is a case series of patients with hematological malignancies who
received CAR-T, as a clinical trial or standard of care where data pub-
lication was permitted by the primary investigators, and subse-
quently suffered from GI-AEs between 1/2012 and 5/2018. Other
etiologies of diarrhea were excluded (Figure 1).
Results
Out of the 132 patients that received CAR-T, 21 (16%) experienced
GI-AEs. The median age for the 21 patients was 59 years (range, 23-
77; Table 1). Most patients had diffuse large B-cell lymphoma (67%).
Ten patients experienced CRS, whereas, 7 experienced CRES.
Interleukin-6 antagonist was required in 10 patients. Diarrhea was
present in all 21 patients (Table 2); 62% grade 1, 33% grade 2 and
5% grade 3. Other associated gastrointestinal symptoms among
these 21 were abdominal pain (38%), nausea and vomiting (38%),
fever (38%), abdominal distension (10%), and bloody stool (5%). The
median duration from CAR-T infusion to diarrhea onset was 5 days
(range, 1-40). Eleven patients required treatment for GI-AEs with a
median duration of 6 days. Sixteen patients had abdominal imaging
evaluation; 3 (19%) of them had findings suggestive of gastrointes-
tinal tract inflammation. Three (14%) patients experienced GI-AEs re-
currence after improvement initially. Colitis was confirmed
endoscopically in 1 patient; a 76 year old male who received 2 infu-
sions of CAR-T. Five months later, he developed grade 3 diarrhea
with abdominal cramps and 15 pounds weight loss. A stool infec-
tious workup including PCR-based multiplex was negative. Colonos-
copy demonstrated diffuse inflammation of the entire colon with
histology showing glandular drop out, increased apoptosis, and focal
erosions. He had no improvement with steroids and mesalamine,
and was subsequently treated with oral immunoglobulin with partial
improvement. However, his colitis relapsed and an additional trial of
cholestyramine was unsuccessful. Lastly, a complete resolution of his
gastrointestinal symptoms was achieved by an antibiotics course
(vancomycin and piperacillin/tazobactam) for his new onset of
pneumonia.
Conclusions
GI-AEs occur in 16% of patients receiving CAR-T. They are typically
mild and self-limiting requiring only symptomatic treatment. Never-
theless, of a rare occurrence, it could lead to a refractory colitis.
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Background
mmune checkpoint inhibitors (ICI) are efficacious treatments for ad-
vanced malignancies but can result in immune mediated diarrhea
and colitis (IDC). Currently, the guidelines for the treatment of IDC
depend only on clinical symptoms. Endoscopic and histologic fea-
tures of such adverse events are not well studied in a manner that
can help to gauge treatment plans. We aimed to characterize endo-
scopic and histologic features of IDC and to assess their association
with clinical outcomes.
Methods
IOur study included patients who had undergone endoscopy for
IDC (1/2010 to 4/2018). Patients with GI infection at time of on-
set were excluded. High-risk endoscopic features are ulcers dee-
per than 2mm, larger than 1cm, and extensive colonic
involvement. Univariate and multivariate logistic regression were
performed to assess the association of endoscopic and histo-
logical features with clinical outcomes.
Results
IA total of 182 patients was included; most were white (92%),
males (65%) with a mean age of 60 years. Median time from
ICI initiation to IDC was 7 weeks. Fifty-three percent had
grade 3–4 diarrhea, and 32% grade 3–4 colitis. One-hundred
forty-one patients received immunosuppressant therapy, and
41 received symptomatic therapy only (Table 1). Forty-nine pa-
tients had mucosal ulcerations, 66 non-ulcerative inflammation
and 67 normal endoscopy. Calprotectin was higher in patients
with ulceration (P=0.04). The sensitivity of lactoferrin to detect
histologic and endoscopic inflammation was 90% and 70% re-
spectively. Patients who underwent endoscopy >30 days of
symptom onset required longer duration of steroids (P=0.02),
had more recurrent symptoms (P<0.01) and received later
infliximab/vedolizumab add-on therapy than did those who
underwent endoscopy ≤30 days (P=0.03; Table 2). High-risk
features were associated with more frequent (P=0.03) and lon-
ger duration (P=0.02) hospitalization and infliximab/vedolizu-
mab requirement (P<0.01; Table 3). Patients with active
histological inflammation had more recurrence (P<0.01) and
repeat endoscopy (P<0.01; Table 4). Repeat endoscopy was re-
quired in 47 patients. A multivariate logistic regression re-
vealed that longer ICPI treatment was associated with more
frequent hospitalizations (OR 1.00; 95%CI 1.00-1.01; P<0.01;
Table 5) and high-risk endoscopic features were associated
with the requirement of infliximab/vedolizumab (OR 3.89;
95%CI 1.68-9.01; P<0.01).
Conclusions
IHigh risk endoscopic features and active histologic inflamma-
tion represent important markers of disease severity with clin-
ical implications and should be used in a timely manner to
devise IDC-focused treatment algorithms that incorporate a
more intricate degree of specificity to improve upon the cur-
rently available guidelines.
Ethics Approval
This retrospective, single-center study was approved by the Institu-
tional Review Board at The University of Texas MD Anderson Cancer
Center (IRB No. PA18-0472).
Consent
This study was granted waiver for consent.



Table 4 (abstract P534). Association between histological active
inflammation and clinical characteristics
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and treatment group
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Table 2 (abstract P534). Clinical outcomes of patients according to the
timing of endoscopy from IDC onset
Table 3 (abstract P534). Patient with endoscopic inflammation
involvement
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Background
Immune checkpoint inhibitors (ICPIs) have demonstrated high effect-
iveness in treating many types of malignancies. Gastrointestinal (GI)
immune-related adverse events (irAE) are commonly reported, how-
ever, limited literature describes upper gastrointestinal tract toxicity.
Therefore, we aimed to describe clinical, endoscopic and histological
characteristics of upper GI tract injury related to ICPI treatment.
Methods
We studied consecutive patients who received ICPIs between April
2011 and March 2018 and developed upper GI symptoms that re-
quired esophagogastroduodenoscopy (EGD). Patients with Helicobac-
ter pylori gastritis were excluded from our study. We performed
descriptive statistical analysis using means and standard deviations
for continuous variables and frequencies and percentages for cat-
egorical variables.
Results
Sixty patients developed upper GI symptoms between ICPI initiation
and 6 months after the last infusion (Table1); majority were of white
race with a mean age of 59 years. In our cohort, 42 patients had



Table 2 (abstract P535). Comparison of EGD characteristics between
patient who received ICPI and had other risk factors and those who
received ICPI and had no other risk factors

Table 3 (abstract P535). Clinical characteristics according to the
endoscopic involvement of GI tract (n = 38)
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other risk factors of gastritis such as chemotherapy, radiotherapy,
and non-steroidal anti-inflammatory drugs (Table2). Patients without
these risk factors had isolated gastric involvement on endoscopy.
Overall, histologic inflammation of the stomach was evident in 83%
of patients, and inflammation of the duodenum was evident only in
38% of patients. The rate of ulceration was the same in the cohorts
with and without other risk factors for gastritis (11% vs. 12%). Among
patients who had both upper and lower endoscopic evaluation
(n=38), 17 (45%) had histological inflammation involving upper GI
tract only; these patients developed GI toxicity later than patients
with GI toxicity involving both upper and lower (P=0.060; Table3).
Isolated upper GI tract involvement was more frequent in patients
undergoing anti-PD-1/L1 treatment (P=0.071). Likewise, isolated
upper GI toxicity was associated with more frequent mucosal ulcer-
ation (P=0.02; Table4). Patients with concurrent upper and lower GI
tract involvement received immunosuppressive therapy more often
than did patients with isolated upper GI tract involvement. Majority
of the isolated upper GI symptoms were treated with proton pump
inhibitors and H2 blockers, with less immunosuppressant use.
Conclusions
Overall ICPI-related upper GI-toxicities had gastric involvement more
often than duodenal involvement on endoscopic and histological
level, which is also observed more in patients treated with PD-1/L1.
Mucosal ulcerations were more frequently found in isolated upper GI
toxicity than concurrent upper and lower GI toxicities. Patients with-
out other risk factors for gastritis had isolated gastric involvement on
endoscopy, with duodenal inflammation in 39% of patients histologi-
cally. Concurrent GI tract involvement required immunosuppressive
therapy more often than isolated upper GI tract involvement.
Ethics Approval
This retrospective, single-center study was approved by the Institu-
tional Review Board at The University of Texas MD Anderson Cancer
Center (IRB No. PA18-0472).
Consent
This study was granted waiver for consent.
Table 1 (abstract P535). Patient baseline characteristics
Table 4 (abstract P535). Endoscopic characteristics of concurrent and
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Background
Immune–mediated diarrhea (IMD) is a leading cause for immune
checkpoint inhibitor (ICPI) treatment discontinuation. Nonethe-
less, despite the occurrence of IMD initially, the remarkable effi-
cacy of ICPIs encourages oncologists to resume ICPI treatment
for cancer progression or as a maintenance. There is a paucity
of evidence about the recurrence rate of IMD after ICPI resump-
tion.[1] Hence, we assessed the risk and risk factors of IMD re-
currence after ICPI resumption.
Methods
This is a cohort study of patients who had developed IMD and
then resumed the same or different ICPI agent after improve-
ment of IMD between 1/2010 and 4/2018. IMD was graded
using CTCAE v4.03. A univariate followed by a multivariate lo-
gistic regression analyses were performed to assess the associ-
ation of clinical covariates and IMD recurrence.
Results
Out of the 4864 patients who received ICPI treatment, 437
(8.9%) developed any grade IMD (Figure 1-2). Among them, 116
resumed ICPI treatment and were included in our analyses; 21
restarted anti-cytotoxic T-lymphocytes associated protein-4
(CTLA-4) and 95 anti-programmed death-1/ligand-1 (PD-1/L1).
The median age was 60 years (Table 1). ICPI treatment discon-
tinuation was due to IMD in 76 patients (66%). Seventy-nine pa-
tients (68%) required immunosuppressive therapy for the first
event of IMD. The median duration from the last ICPI dose to
the restart of ICPI treatment was 65 days (SD, 194). Overall, 37
(32%) patients experienced a recurrence of IMD (CTLA-4, 48%;
PD-1/L1, 28%). Twenty-seven patients (73%) required immuno-
suppression for the recurrent IMD (Table 2); 15 of them discon-
tinued ICPI treatment. The median duration from ICPI re-
initiation to IMD recurrence was 63 days (range, 1–397). Severe
IMD requiring immunosuppression initially was associated with
higher grades (P<0.001) and more frequent immunosuppression
requirement (P<0.001; Table 3) for the recurrent IMD. On multi-
variate logistic regression, patients who received anti-CTLA-4
based therapy initially had lower risk of IMD recurrence (odds
ratio [OR], 0.20, 95% CI, 0.08-0.51; P=0.001; Table 4-5). The re-
quirement for immunosuppression for IMD initially (OR, 3.04;
95% CI, 1.12-8.29; P=0.030) and the resumption of anti-CTLA-4
agents (OR, 3.89; 95% CI, 1.22-12.40; P=0.022) were associated
with increased risk of IMD recurrence.
Conclusions
The resumption of anti-PD-1/L1 therapy has a lower IMD recur-
rence rate compared to anti-CTLA-4. Hence, ICPI therapy, espe-
cially anti-PD1-PD-L1, may be resumed in order to maximize the
clinical benefit for patients who have limited alternative treat-
ment options. Severe IMD requiring immunosuppression initially
was a risk factor for the recurrence of severe IMD after ICPI
resumption.
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Table 3 (abstract P536). Characteristics of the recurrent immune-
mediated diarrhea for patients who needed immunosuppression for the
initial immune-mediated diarrhea

Table 4 (abstract P536). Univariate logistic regression analysis of
immune-mediated diarrhea recurrence

Table 5 (abstract P536). Multivariate logistic regression analysis of
immune-mediated diarrhea recurrence

Fig. 1 (abstract P536). The recurrence rate of immune-mediated
diarrhea (IMD) after ICPI resumption according to the immunosuppression
(IS) requirement for the initial immune-mediated diarrhea

Fig. 2 (abstract P536). The reccurence immune-mediated diarrhea
after ICPI resumption by the type of ICPI

Table 2 (abstract P536). Characteristics of the recurrent immune-
mediated diarrhea based on the ICPI therapy resumed

Journal for ImmunoTherapy of Cancer 2018, 6(Suppl 1):115 Page 284 of 398
P537
Immune checkpoint inhibitor–induced colitis as a predictor of
survival in metastatic melanoma
Hamzah Abu-Sbeih, MD, Faisal S. Ali, Wei Qiao, PhD, Yang Lu, MD, Sapna
Patel, MD, Adi Diab, MD, Yinghong Wang, MD, PhD
MD Anderson Cancer Center, Houston, TX, USA
Correspondence: Yinghong Wang (ywang59@mdanderson.org)
Journal for ImmunoTherapy of Cancer 2018, 6(Suppl 1):P537

Background
Gastrointestinal (GI) immune related adverse events (irAEs) commonly
limit immune checkpoint inhibitors’ (ICPIs) treatment, which is very ef-
fective for metastatic melanoma. The impact of GI-irAEs and their im-
munosuppressive therapy on patients’ survival is not well studied. We
aimed to assess the impact of GI-irAEs on overall survival (OS) and pro-
gression free survival (PFS) of patients with metastatic melanoma.
Methods
This is a retrospective study of patients with metastatic melanoma who
received ICPI treatment and developed GI-irAEs from 1/2010 through 4/
2018 with a mean follow-up duration of 1.7 years. A number of random-
ized patients who did not have GI-irAEs were included in our analysis.
ICPI treatment response on CT and/or FDG PET/CT images was evaluated
based on combined immune-modified Response Evaluation Criteria in
Solid Tumors (RECIST) and immune-related RECIST 1.1. OS and PFS were
defined as the time from ICPI initiation until death or last follow-up and
until progression, death, or last staging, respectively. OS was redefined as
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the time from diarrhea onset to study the effect of immunosuppressive
therapy. Kaplan-Meier curves were used to estimate unadjusted OS and
PFS time distributions (Figure1-2). The Cox proportional hazards model
was used to evaluate survival predictors. GI- and non–GI-irAE were in-
cluded in the Cox model as time-dependent variables.
Results
A total of 243 patients were included in our analyses, majority were white
(93%), males (64%) with a mean age of 58 years (Table 1). In our cohort,
173 patients (71%) had GI-irAEs; 124 (72%) received immunosuppression
(Table 2). In multivariate Cox regression, ECOG 2-3 (HR 4.36, 95%CI 2.38-
7.99; P<0.01), LDH ≥618 IU/L (HR 2.85, 95%CI 1.79-4.49; P<0.01), stage
M1c (HR 4.66, 95%CI 1.69-12.78; P<0.01) were associated with worse OS
rates (Table3). In contrast, longer duration of ICPI treatment (HR 0.86,
95%CI 0.81-0.92; P<0.01) and any grade GI- irAEs (HR 0.51, 95%CI 0.31-
0.83; P<0.01) were associated with improved OS rates. Immunosuppres-
sive treatment did not affect OS (HR 1.5, 95%CI 0.82-2.74; P=0.19). High-
grade diarrhea was associated with improved OS (P=0.0492; Figure 3).
Additionally, patients who developed GI-irAEs had longer PFS durations
on multivariate Cox model (HR 0.44, 95%CI 0.29-0.64; P<0.01; Table 4).
Conclusions
GI-irAEs are associated with improved survival rates in patients with
metastatic melanoma. Furthermore, higher grades of diarrhea are as-
sociated with improved patients’ OS, which could explain the finding
that immunosuppressive therapy did not adversely affect OS. There-
fore, the onset of GI-irAEs should be conveyed to patients as a favor-
able sign rather than an alarming one.
Ethics Approval
This retrospective, single-center study was approved by the Institu-
tional Review Board at The University of Texas MD Anderson Cancer
Center (IRB No. PA18-0472).
Consent
This study was granted waiver for consent.
Table 1 (abstract P537). Patient characteristics (n = 243)

Table 3 (abstract P537). Multivariable Cox regression analysis for
overall survival

Table 4 (abstract P537). Multivariable Cox regression analysis for
progression free survival



Fig. 1 (abstract P537). Kaplan-Meier overall survival curve stratified
by immune checkpoint inhibitor (ICPI)-induced diarrhea/colitis status

Fig. 2 (abstract P537). Kaplan-Meier progression-free survival curve
stratified by immune checkpoint inhibitor (ICPI)-induced
diarrhea/colitis status
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Fig. 3 (abstract P537). Kaplan-Meier overall survival curve stratified
by diarrhea grade
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Background
Immune checkpoint inhibitor (ICPI), which is an efficacious
treatment for advanced malignancies, is commonly limited by
immune mediated diarrhea and colitis (IMDC). Steroids and
infliximab are often used to treat severe IMDC given its
immune mediated mechanism. These agents induce systemic
immunosuppression with its associated morbidity. Additionally,
systemic immunosuppression might hamper the effect of ICPI.
Hence, we aimed to assess clinical outcomes of vedolizumab (a
gut-targeted anti-integrin agent) as an alternative treatment for
IMDC.
Methods
This is a retrospective multicenter case series of adult patients who
had IMDC and received vedolizumab from 12/2016 through 4/2018
from MD Anderson Cancer Center and Medstar-Georgetown Univer-
sity. All patients had IMDC that is refractory to steroids and/or
infliximab.
Results
Twenty-eight patients were included; 20 males (71%), 25 Cauca-
sians (89%) with a mean age of 63 years (Table 1). The most com-
mon malignancy was melanoma in 7 patients (25%). Eight
patients (29%) received anti-cytotoxic T- lymphocyte associated
antigen-4 (CTLA-4), 12 (43%) programmed death protein-1 or its
ligand (PD-1/L-1) and 8 (29%) combination therapy. Median time
from ICPI to IMDC onset was 10 weeks (IQR 1-70). Fifteen patients
(54%) had grade 2 and 13 (46%) had grade 3 or 4 IMDC. Diagnos-
tic evaluations for IMDC are shown in (Table 2). The median re-
duction in fecal calprotectin values was 347 for vedolizumab
initiation <14 days of IMDC onset and 197 for >14 days (Figure 1).
Mucosal ulceration was present in 8 patients (29%), whereas non-
ulcerative inflammation was present 13 (46%). All of our patients
had features of active histological inflammation; 14 (50%) had
concurrent features of chronicity, and 10 (36%) had features of
microscopic colitis. The treatment and outcomes of IMDC are
shown in (Table 3). Mean duration of steroid treatment was 96
days (SD 74). Seven patients received infliximab in addition to
steroids and were refractory to it. Median number of vedolizumab
infusions was 3 (IQR 1- 4). Mean duration of follow-up was 15
months. Twenty four patients (86%) achieved and sustained clin-
ical remission. Repeat endoscopic evaluation was performed in 17
patients. Endoscopic remission was attained in 7 (54%) of the 13
patients who had abnormal endoscopic findings initially with 5/
17 (29%) patients reaching histological remission as well. (Table
4) lists the characteristics of patients who had clinical remission.
In our cohort, 1 patient developed skin rash and 1 had joint pain.
Conclusions
Vedolizumab could be an appropriate treatment for steroid refractory
IMDC, with favorable outcomes and good safety profile.
Ethics Approval
This retrospective, single-center study was approved by the Institu-
tional Review Board at The University of Texas MD Anderson Cancer
Center (IRB No. PA18-0472).
Consent
This study was granted waiver for consent.



Table 1 (abstract P538). Patient clinical characteristics (n = 28)

Table 2 (abstract P538). Patient diagnostic evaluation data (n = 28)

Table 3 (abstract P538). Treatment of colitis and outcomes (n = 28)

Table 4 (abstract P538). Vedolizumab therapy outcomes and clinical
characteristics (n = 28)
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Fig. 1 (abstract P538). Decrease in calprotectin values after
vedolizumab/infliximab therapy according to time from onset to
treatment initiation
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Background
The utilization of immune checkpoint inhibitors (ICPI) has advanced
in recent years. Antibodies targeting programmed cell death-1 (PD-1)
and its ligand (PD-L1) are successfully used for treatment in a variety
of cancers, including metastatic and inoperable cutaneous squamous
cell carcinoma (cSCC). [1] Cutaneous adverse events are seen in ap-
proximately 40% of anti PD-1 treated melanoma patients [2], but few
have described the development of new cSCC in the setting of anti
PD-1 therapy [3].
Methods
We present a summary of 10 patients treated at MDACC with anti-
PD-1/PD-L1 therapy for non-squamous cell cancers who developed
cSCC. Seven patients presented to the dermatology clinic following
development of skin lesions during the course of their anti-PD-1/
PD-L1 therapy; three more were discovered with a limited retro-
spective chart review. Skin biopsies were interpreted from H&E
stain as well as immunohistochemical antibody analysis for CD3,
CD8, PD-1, and PD-L1.
Results
Two female and 8 male patients aged 51- 81 years, and developed
biopsy-proven well-differentiated cSCC after a median of 4 months
(range 3-16 months) following therapy initiation. Four patients devel-
oped multiple lesions over the course of several months, and in 70%
of cases lesions developed during anti-PD-1/PD-L1 therapy. These le-
sions were treated conservatively with no complications or recur-
rence after 12 months follow up. Skin biopsies revealed well-
differentiated cSCC, with full thickness keratinocyte atypia and at
least superficial dermal invasion. Immunohistochemical analysis was
performed using 8 biopsies from 4 patients. PD-L1 expression was
present in 63% of samples [4]. The infiltrate was predominant and
non-brisk at the periphery of the tumor with normal proportions of
CD3:CD8 T lymphocytes. A median of 5% (range 1-13%) of the per-
ipheral infiltrate had PD-1 expression.
Conclusions
There is a potential link between the development of cSCC lesions
and anti-PD-1/PD-L1 therapy. While this link has yet to be solidified,
we are actively investigating factors that may contribute to the de-
velopment of these lesions in the setting of ICPI therapy, including
whole exome sequencing, RNAseq, and TCR sequencing. We plan to
compare cSCC samples resulting from various etiologies, including
BRAF inhibitor- induced cSCC and ultraviolet light-induced cSCC, to
determine if there are unique characteristics in the cSCC from our
ICPI- associated tumor cohort of patients. Preliminary data shows in-
creased PD-L1 expression in the drug-induced tumors. [4] These re-
sults will be important to clinicians moving forward, as the use of
this class of therapeutics rapidly increases, and may soon include the
treatment of advanced cSCC.
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Background
Immune checkpoint inhibitors (ICI) have dramatically increased the
survival of cancer patients, but their use can be limited by the occur-
rence of immune related adverse events (irAE) that may be serious
and infrequently life threatening. Cancer patients with preexisting
autoimmune diseases (PAD) were excluded from clinical trials. The
safety of ICI in these patients is currently unknown. [1] The aim of
this study was to evaluate the safety of ICI in patients with PAD that
presented to the Emergency Center (EC) at a comprehensive cancer
center.
Methods
Cancer patients with PAD who received ICI and presented to the EC
between March 1, 2011 and February 29, 2016 at MD Anderson Can-
cer Center. We extracted data on patient’s characteristics (age, gen-
der, preexisting autoimmune disease, treatment given for the
underlying disease), type of checkpoint inhibitors used, reported irAE,
how they were managed, whether immunotherapy was withheld or
discontinued and their clinical outcome.
Results
Twenty two cancer patients with PAD were identified through institu-
tional databases. Of these, 15 were males (68%). Mean age was 59.5
year (SD 11.6). Median Charlson Comorbidity Index was 9.5 (range 5-
13). Most patients received anti PD-1 drugs (64%). Melanoma was
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the most common cancer (45%). Most frequent PAD were auto-
immune thyroiditis and eczema. Eleven patients were actively receiv-
ing treatment for PAD at initiation of ICI therapy, of which 3 received
immunosuppressive therapy (steroids in 2, disease-modifying anti-
rheumatic drug plus rituximab in 1). Eighty six percent of cases expe-
rienced de novo irAE or PAD exacerbation. Fourteen percent were
severe (Grade ≥3). Of these, 6 were managed with corticosteroids.
Resolution of de novo irAE or exacerbation of PAD was achieved in
10 cases without the need to withhold or discontinue immunother-
apy. Median time to last follow up or death from first infusion was
16.8 months [range 2-80]. Death was reported in 17 cases due to
cancer progression.
Conclusions
Despite frequent de novo irAE or exacerbation of PAD, most patients
with PAD who visited the ED tolerated ICI therapy well. Prospective
studies are needed to establish the risk-benefit profile of ICI therapy
in patients with PAD including those who did not need to visit EDs.
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Background
Chemotherapy-refractory gastric carcinomas (GC) are aggressive malig-
nancies, and only ~15% respond to drugs targeting the PD-1/PD-L1
pathway. EBV+ GCs (10% of GCs) often contain chromosomal amplifica-
tions for PD-L1 and PD-L2. They have been reported to contain robust
CD8+ T cell infiltrates and an interferon-gamma (IFNg) gene signature,
suggesting immune stimulation by strongly immunogenic EBV proteins.
The current study aimed to characterize immune cell subsets and
checkpoint expression in EBV+ GC compared to EBV(-) GC.
Methods
After screening >1000 cases, 25 invasive primary GC specimens AJCC
stage 1A–4 (11 EBV+, 14 EBV-, confirmed with EBER ISH) were identi-
fied from treatment-naïve patients. Immunohistochemistry (IHC) was
conducted for CD3, CD4, CD8, CD20, CD68, FoxP3, PD-1, PD-L1, LAG-
3, GITR, IDO1, CSF1R and COX-2. Immune cell densities were quanti-
fied. RNA was isolated from macrodissected areas of dense CD3+ T
cell infiltrates juxtaposed to PD-L1+ stromal cells, and gene expres-
sion profiling (GEP) was performed using multiplex qRT-PCR for a
panel of 61 candidate immune-related genes.
Results
IHC revealed that 17/25 GCs contained PD-L1+ stromal cells (range 5-
75% positive cells) with no significant difference between EBV+/- speci-
mens; however, only 3/25 specimens contained PD-L1+ tumor cells (all
EBV+). There was a higher proportion of CD8+ vs. CD4+ T cells in EBV+
tumors (p=0.051). IHC analysis of EBV+/- GCs did not show significant
differences in the proportions of other immune cell subsets or expres-
sion of immune modulators. However, GEP revealed that EBV+ tumors
had higher expression of IDO1 (11-fold, p=0.02). In contrast, EBV(-)
tumors overexpressed CD163, CSF1R and IL10 associated with suppres-
sive M2 macrophages (p<0.10). In addition, EBV(-) tumors overex-
pressed the cancer-promoting genes CXCR4 (p=0.09), IL32 (p=0.03),
and IL1A (p=0.02). Notably, PTGS2 (COX-2) and IL1B, involved in
prostaglandin production supporting cancer progression and metasta-
sis, were the most highly overexpressed genes in EBV(-) tumors (270-
fold, p<0.001; and 24-fold, p=0.06, respectively). IHC showed COX-2
overexpression by EBV(-) tumors (p=0.068), consistent with GEP. IHC
also indicated expression of COX-2 by normal gastric epithelium.
Conclusions
Gastric cancers are characterized by an immunosuppressive TME regard-
less of EBV status, with abundant expression of PD-L1 and other im-
mune checkpoints. GEP revealed that EBV(-) GCs, which are much more
common than EBV+ GCs, overexpress molecules such as COX-2, IL-1A,
IL-1B, IL-10 and CSF1R. Our findings provide novel insights into the im-
mune microenvironment of EBV+ and EBV(-) GC, and offer potential tar-
gets to overcome resistance to anti-PD-1/PD-L1 therapies in this disease.
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Background
The pervasive use of therapeutic antibodies targeting PD-1 puts it on
target to become the standard of care for solid tumor malignancies.
However, little is known as to how blockade of PD-1 may alter the func-
tion or phenotype of tumor-infiltrating lymphocytes (TIL). By investigat-
ing samples from pre-treatment and early on-treatment biopsies from
patients with varying types of solid tumors treated with anti-PD1, we
hope to elucidate drug-induced changes in TIL phenotype and function.
Methods
An ongoing Phase II clinical trial of anti-PD-1 in cohorts of patients
with rare solid tumor types (NCT02721732) yielded mandatory core
biopsies taken at baseline and day 15-21 after the first cycle of anti-
PD-1 (Pembrolizumab, 200 mg). Upon receipt, half of the biopsy was
mechanically disaggregated for TIL phenotyping, which we term
“fresh” flow cytometry staining. The other half of the biopsy was
used to propagate TIL ex vivo using the TIL 3.0 method, which in-
cludes IL-2, agonistic anti-4-1BB antibody (Urelumab, BMS), and anti-
CD3 (clone OKT3). TIL phenotype and function were evaluated after
2 or 3 weeks of culture. Functionality was determined through sort-
ing T cell subsets and measuring cytokine and chemokine secretion
following anti-CD3 re-stimulation using MSD and Luminex platforms.
Results
Phenotypic analysis of the freshly stained and expanded TIL demon-
strated an effector memory differentiation status before and after ex-
posure to anti-PD-1. These TIL did not differ in their expansion of the
CD4+ or CD8+ subsets. This is expected within the expanded TIL,
given the predisposition to expand CD8+ TIL with the addition of
anti-4- 1BB. Further, expanded TIL retained cytotoxic potential (per-
forin/granzyme B) after one dose of anti-PD-1. However, PD-1 expres-
sion on expanded CD8+ tended to be elevated after therapy
(p=0.09). Further, TIL expanded after anti-PD-1 showed enriched
CTLA-4 expression in CD4+ TIL (p=0.003). Functional analysis of 16
paired baseline and on-treatment expanded TIL show that CD4+ TIL
with higher IL-4 secretion are accompanied by inhibited cellular
growth (p<0.05). CD8+ TIL demonstrated an inverse relationship with
growth and higher expression of PD-1, CTLA-4, and cytotoxic mole-
cules, perforin/granzyme B (p<0.05). Further analysis in 12 of the 16
paired expanded CD8+ TIL samples for 65 soluble factors demon-
strated an aberrant secretion profile post anti- PD1 treatment sug-
gesting impaired function.



Fig. 1 (abstract P543). See text for description

Table 1 (abstract P543). See text for description
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Conclusions
Our study assesses the ramifications of one dose of anti-PD-1 on TIL
in rare solid tumors. We demonstrate that although phenotypically
similar after undergoing checkpoint blockade, TIL tend to have a
poorer functionality after anti-PD-1.
Ethics Approval
The study was approved by UT MD Anderson Cancer Center's IRB,
approval number 2015-0948.
Consent
Written informed consent was obtained from the patient for publica-
tion of this abstract and accompanying images. A copy of the written
consent is available for review by the Editor of this journal.
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Background
In an initial pilot study, tumor infiltrating lymphocytes (TIL) that
recognize neoepitopes were identified in 9 of 10 patients with meta-
static gastrointestinal (GI) malignancies. These findings suggest that
adoptive transfer of autologous neoepitope-reactive T cells may repre-
sent an attractive treatment strategy for patients with metastatic GI ma-
lignancies; however, objective response rates for this treatment
strategy remain low. Factors that may influence therapies that target
one or a relatively small number of mutations include intra- and inter-
tumor mutational heterogeneity, which are evaluated in this study.
Methods
Whole exome sequencing (WES) was carried out on resected flash-
frozen metastatic tumor samples and matched normal cellular DNA to
identify somatically mutated gene products, and TIL cultures initiated
from adjacent tumor regions. Co-culture of antigen presenting cells ex-
pressing individual tumor mutations and TIL allowed identification of
neoepitope-reactive TIL which were then used for adoptive cell ther-
apy. Additionally, FFPE tumor samples were obtained for each patient
from which WES was performed to characterize tumor mutations.
Results
WES data was analyzed from 39 unique tumors from 12 patients with
metastatic GI malignancy treated with neoepitope-reactive TIL. A
mean of 3 tumors per patient were analyzed (range 2-6 tumors), and
the mean number of mutations per sample was 101 (range 22-156
mutations). Inter-tumor heterogeneity was present in all 12 patients
(Figure 1). The percent of mutations ubiquitously expressed in all
samples from an individual patient ranged from 12.9% (Patient 4071)
to 67.9% (Patient 3737). Mutation reactive TIL therapy resulted in an
objective response in 2 of the 12 patients. The single neoantigen tar-
geted by TIL administered to the 2 patients with objective responses
was present in all additional FFPE samples studied. In contrast, for 7
of the 10 non-responders, targeted mutations that could not be de-
tected 1 or more of the analyzed FFPE samples were identified (Table
1). These findings raised the concern that the lack of response seen
in some patients receiving adoptive TIL transfer could be due to the
absence of the targeted mutations in individual tumor lesions.
Conclusions
Inter-tumor heterogeneity of targeted mutations is presents in non-
responders to neoepitope-reactive TIL therapy. This suggested one
mechanism limiting the effectiveness of TIL therapy targeting a lim-
ited number of mutations. WES of primary and metastatic tumors
from primary and metastatic tumors from individual patients may fa-
cilitate identification of ubiquitously expressed tumor mutations that,
if successfully targeted by adoptively transferred TIL, may lead to im-
proved object response rates.
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Background
Nasopharyngeal carcinoma (NPC) is an Epstein-Barr virus-related malig-
nancy that is characterized by a large number of infiltrating lympho-
cytes in the tumor microenvironment. The CD8+ T-lymphocytes can
release interferon γ (IFN-γ), a cytokine proven to be a strong stimulant
of programmed death-ligand 1(PD-L1). Hence the high expression of
PD-L1 is another characteristic of NPC. It is reported that PD-1/PD-L1 in-
hibitors have good therapeutic effects on solid tumors with high PD-L1
expression and extensive CD8+ T-lymphocyte infiltration. However,
current clinical trials only show a limited effect of PD-1 inhibitors on re-
current or metastatic NPC. To find the mechanism of resistance to PD-
1/PD-L1 inhibitors in NPC, we studied the co-expression status of the
NKG2D ligand family, a group of activating molecules expressing on
the surface of activated CD8+ T-lymphocytes, when IFN-γ is up-
regulating the expression of PD-L1 in NPC.
Methods
We downloaded the RNA-Seq data of IFN-γ, PD-L1, MICA and ULBP2-
4 in head and neck squamous cancer (HNSC, except NPC) and NPC
respectively from the TCGA and the GEO databases, screened for the
most related molecules to IFN-γ. We also administrated exogenous
IFN-γ to three types of NPC cell lines, CNE-1, CNE-2 and 5- 8F, and
did qPCR, flow cytometry (FC), Western-blot (WB) and RNA-Seq after
0, 4, 12, and 24 hours, to determine the expression level of above
molecules at each time point.
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Results
In 501 HNSC cases from the TCGA database, the expression of PD-L1
is significantly related to IFN-γ (R=0.65, P<0.001) while the correlation
between MICA and IFN-γ is very weak (R=0.12, P=0.004). Among the
ULBPs, ULBP3 has the most significant correlation with IFN-γ (R=-
0.18, P<0.001). The 113 NPC cases from the GEO database show the
similar results. All the cell experiments proved the positive correl-
ation between PD-L1 and IFN-γ and the negative correlation between
MICA and IFN-γ (P<0.05). All the ULBPs had a significant negative cor-
relation with IFN-γ in WB and FC, whereas ULBP3 showed a best cor-
relation in RNA-Seq and qPCR(P<0.05).
Conclusions
We confirmed that IFN-γ can up-regulate the expression of PD-L1
and change the expression of NKG2D ligands. ULPB3 has a most sig-
nificant and time-dependent negative correlation with both IFN-γ.
Therefore, we hypothesize the down-regulation of ULBP3 mediated
by IFN-γ may be a unique mechanism of immune escape and pri-
mary resistance in NPC patients. Further studies are needed to ex-
plore the deeper molecular mechanism.
Fig. 1 (abstract P544). See text for description

Fig. 4 (abstract P544). See text for description
Fig. 2 (abstract P544). See text for description

Fig. 3 (abstract P544). See text for description
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Background
Despite the impact of anti-PD-1 antibody immunotherapy in oncol-
ogy, many cancer patients do not benefit from this treatment modal-
ity. Mechanisms of resistance to checkpoint inhibitor immunotherapy
in cancer remain poorly understood.
Methods
Various pre-clinical syngeneic and transgenic cancer models as well as an
autologous humanized mouse model were utilized to investigate the
genetic and cellular alterations of tumors escaping anti-PD-1 antibody im-
munotherapy based on immunohistochemistry, flow cytometry, RNAseq
transcriptomic sequencing, and tandem mass spectrometry.
Results
Our studies have demonstrated that anti-PD-1 antibody immunotherapy
promotes the recruitment of granulocytic myeloid-derived suppressor
cells (Gr-MDSCs) to the tumor bed in a CXCR2-dependent manner. This
process involves the upregulation of the CXCR2 chemokine ligand,
CXCL5, which is induced by a Wnt5a-YAP non- canonical autocrine sig-
naling pathway that, in turn, is stimulated by a HSP70-TLR4 signaling
axis. Further investigation has demonstrated that this cascade of events
is initiated by CD8+ T cell-dependent stimulation of the NLRP3 inflam-
masome in tumor cells which drives the release of HSP70 and serves to
dampen the efficacy of anti- PD-1 antibody immunotherapy. This
phenomenon has been observed in pre-clinical models of non-small cell
lung cancer, melanoma, and pancreatic cancer, as well as an autologous
humanized mouse model of renal cell carcinoma in response to anti-PD-
1 antibody therapy but not anti-CTLA-4 antibody therapy or chemother-
apy. Additional studies have revealed that this pathway also drives the
accumulation of Gr-MDSCs in distant tissues such as the lung in a man-
ner that is dependent upon the presence of the primary tumor. Genetic
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silencing of CXCL5 and pharmacological blockade of Wnt ligand signal-
ing suppresses Gr-MDSC recruitment in response to anti-PD-1 antibody
therapy and enhances the efficacy of checkpoint inhibitor therapy.
CXCR2 and CXCR2 ligand expression correlates with Wnt5a and with
cytolytic T cell markers in human melanoma tissues indicating that this
pathway is clinically relevant. We have determined that levels of CXCL5
and other CXCR2 ligands are increased in the plasma of transgenic
tumor models escaping anti-PD-1 antibody therapy. Clinical studies are
ongoing to investigate relationships between anti-PD-1 antibody re-
sponse and the plasma levels of CXCR2-dependent chemokines as well
as genetic inflammasome polymorphisms in advanced melanoma pa-
tients undergoing checkpoint inhibitor therapy.
Conclusions
By promoting the recruitment and accumulation of Gr-MDSCs, the
tumor inflammasome functions as a rheostat that modulates the T
cell response generated by anti-PD-1 antibody therapy. The elucida-
tion of this pathway provides novel therapeutic opportunities to ex-
pand on the efficacy of checkpoint inhibitor immunotherapy for
cancer patients.
Ethics Approval
This study was approved by the Institutional Animal Care and Use
Committee at Duke University, registry number A249-12-09.
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Background
Checkpoint blockade using anti CTLA-4 and anti PD-1 is effective in
“hot” tumors like melanoma with pre-existing immune infiltrates (1);
however, “cold” tumors like prostate cancer respond poorly. Within
these tumors we find prevalent zones of hypoxia from which T cells are
excluded. Hypoxia impedes T cell mediated antitumor immunity by cre-
ating a hostile microenvironment through acidification of the extracel-
lular milieu, formation of abnormal vasculature lacking in adhesion
receptors needed for T cell extravasation, and recruitment of immuno-
suppressive stromal populations such as myeloid derived suppressor
cells (MDSC) and myofibroblasts (2-5) . We hypothesized that removing
these hypoxic zones would restore T cell infiltration and effector func-
tion thus sensitizing prostate tumors to checkpoint blockade.
Methods
We utilized the hypoxia-activated prodrug, TH-302 (Evofosfamide) to
ablate hypoxic zones of tumors and tested its efficacy alone and in
combination with immune checkpoint blockade in reducing tumor
burden and enhancing anti- tumor immunity using both transplant-
able and spontaneous models of prostate cancer. We investigated
how this therapy impacted recruitment and function of tumor-
infiltrating CD8+ T cells and immune suppressive MDSC.
Results
We found that TH-302 improved survival of prostate tumor bearing
mice (OS 30%) and synergized with checkpoint blockade using
αCTLA-4 and αPD-1 in curing 82% of mice compared to checkpoint
blockade alone (OS 55%). This was concomitant with enhanced T cell
and decreased MDSC infiltration into tumors. T cells infiltrating tu-
mors treated with the combination of TH-302 and αCTLA-4/αPD-1
had higher proliferative capacity, improved effector cytokine produc-
tion and greater mitochondrial biomass. In addition, MDSC from
these tumors displayed reduced suppressive activity. Combination
treatment caused a persistent defect in the ability of tumors to re-
plenish their myeloid stroma. In addition, spontaneous prostate can-
cer in TRAMP transgenic mice, which is entirely checkpoint blockade
resistant, responded dramatically to combination CTLA-4/PD-1 block-
ade when co-administered with the hypoxia-reducing agent TH-302.
Conclusions
We have shown that hypoxia reduction can sensitize otherwise resist-
ant prostate tumors to immunotherapy. Hypoxic ablation is associ-
ated with the conversion of the immunosuppressive tumor
microenvironment (TME) into an immune permissive one through
improved survival, function and metabolic fitness of T cells and re-
duced infiltration and function of immunosuppressive MDSC. Our
findings suggest that metabolic manipulation of the TME is a viable
approach to enhance immunotherapy responses.
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Background
We examined the impact of defects in type I and/or II interferon sig-
naling on the efficacy of adoptive cell therapy (ACT) with tumor-
specific T cells in B16 murine melanoma.
Methods
Using CRISPR, we generated B16 tumor cell lines deficient in type I
(Ifnar1-KO) or type II (Jak2-KO) interferon signaling, or both (Jak1-KO).
ACT was performed using gp100-specific pmel T cells. Tumor cell
were labeled with RFP to determine tumor-specific MHC-I expression
in vivo. We also tested a nanoplexed formulation of poly I:C (BO-112)
that activates TLR3/MDA5/RIG-I.
Results
Pmel ACT was effective against B16 tumors lacking type I (Ifnar1-KO)
or type II (Jak2-KO) interferon signaling, but ineffective against tu-
mors lacking both (Jak1-KO) (Figure 1). We observed a similar
phenomenon in vitro, where growth of B16 tumor cells lacking type I
or II interferon signaling (but not both) were inhibited by tumor- spe-
cific pmel T cells compared to non-specific T cells, provided the alter-
nate interferon pathway was activated (p < 0.0001). We then
examined interferon-dependence of MHC-I expression in vivo. We
observed that basal MHC-I expression by B16 in vivo is dependent
on type II, but not type I, interferon signaling. After pmel ACT, tumors
lacking type II interferon (Jak2-KO) signaling were able to augment
MHC-I expression compared to B2m-KO tumors (p = 0.068). Jak1-KO
tumors did not express MHC-I even after pmel ACT (p = 0.5283). To
overcome resistance of B16 Jak1-KO tumor cells to pmel ACT, we
tested intratumoral delivery of BO-112, which has direct anti-tumor
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efficacy against B16 and augments anti-tumor efficacy of pmel ACT
against B16. Notably, the direct anti-tumor effects of BO-112 are ab-
rogated in the B16 Jak1-KO compared to wildtype B16 tumors both
in vitro and in-vivo. Regardless, in combination with BO-112, pmel
ACT was effective against B16 Jak1-KO tumors compared to non-
specific T cells in combination with BO-112 (Figure 2). RNA sequen-
cing of tumors 5 days after ACT revealed 209 genes enriched (fold
change > 2, adjusted p-value < 0.05) in tumors treated with pmel
ACT and BO- 112, which were not enriched in tumors treated with
pmel ACT and vehicle or non-specific ACT and BO-112, including
genes involved in T cell recruitment, antigen presentation, direct T
cell cytotoxicity, and interferon signaling.
Conclusions
Our findings suggest ACT can be an effective immunotherapy in tu-
mors lacking type I or II interferon signaling. For tumors lacking both
type I and II interferon signaling, intratumoral BO-112 can resensitize
tumors to ACT.
Fig. 2 (abstract P547). See text for description

Fig. 1 (abstract P547). See text for description
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Background
CPI therapy targeting CTLA-4 and PD-1 has improved clinical out-
comes in patients with BM [1], including objective responses in pa-
tients (pts) with active, untreated melanoma or non-small cell lung
cancer (NSCLC) BM [2-4]. Pts with newly diagnosed BM often require
corticosteroids at CPI initiation and the impact of such concomitant
therapy on disease control and survival remains unclear. The clinical
outcomes of pts with BM receiving CPI therapy and associations with
corticosteroids and other prognostic factors were analyzed.
Methods
Pts with metastatic solid tumors and BM history treated with ipilimumab
(anti-CTLA-4), nivolumab or pembrolizumab (anti-PD-1), and nivolumab/
ipilimumab (nivo/ipi) at 3 Medstar Hospitals were identified by pharmacy
records and chart review. Pts were excluded if initial BM occurred after
CPI initiation or if baseline pretreatment/follow up brain MRI/CT imaging
were not available. Data collected included demographics, baseline per-
formance status, systemic corticosteroid use within 14 days of CPI initi-
ation, provider-assessed best disease response and overall survival (OS).
Results
71 pts were identified (40 melanoma, 25 NSCLC, 3 renal cell carcinoma,
3 other). 55% were male, 86% had ECOG PS 0-1, and 66% had ≥2 brain
metastases. 82% of pts had surgery and/or stereotactic radiosurgery for
BM management prior to therapy. 22% of pts received anti-CTLA-4,
54% received anti-PD-1, and 24% received nivo/ipi. 52% had neuro-
logical symptoms and 24% received corticosteroids within 14 days of
CPI initiation. The response rate (extracranial) was 23% and median OS
was 13.8months for all pts. Survival was superior in pts with melanoma
and those treated with nivo/ipi. BM control (no new BM or progression
in treated BM) was seen in 38%. Extracranial disease control was associ-
ated with intracranial disease control (p=0.001). The use of corticoste-
roids was associated with BM progression (but not extracranial disease
progression) and worse OS (median 5.8months vs 19.8months for no
corticosteroid use, P=0.011). There was a trend for worse OS in patients
with greater number of BM (p=0.053). The presence of baseline neuro-
logical symptoms was not associated with OS.
Conclusions
Pts with BM can have long-term survival with CPI therapy, particularly
with nivo/ipi. There is general concordance between extracranial dis-
ease control and BM control, but discordance with BM progression can
occur. The use of corticosteroids at time of CPI therapy in pts with BM
is associated with worse BM control and survival. Pts initially requiring
corticosteroids may benefit from alternative systemic therapy options.
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Background
Prior to this study, the most important mechanisms of immune es-
cape in NSCLC include checkpoint blockade and low tumor muta-
tional burden (TMB). In this study we have identified a third equally
important mechanism of immune escape of cell proliferation in
NSCLC.
Methods
169 NSCLC patients from ten institutions were evaluated for PD-L1
expression by IHC, TMB, and cell proliferation by RNA-seq of 10 im-
mune and proliferation related genes including BUB1, CCNB2, CDK1,
CDKN3, FOXM1, KIAA0101, MAD2L1, MELK, MKI67, and TOP2A, of
which 46 represented historical controls and 113 had prior treatment
with one more immune checkpoint inhibitors (ICIs) and for which re-
sponse (RECIST v1.1) and survival were available.
Results
For all patients (n=169) the majority were non-proliferative (59.2%;
100/169), with a minority of proliferative results (40.8%; 69/169). Re-
sponse rate in non-proliferative patients was 42.2% (27/64) versus
18.4% (9/49) in proliferative. Using a value of 10 mutations per mega-
base of DNA or greater as high the percent of TMB high cases in pro-
liferative tumors (67%; 47/70) was higher than in non-proliferative
tumors (47%; 47/99). The rate of PD-L1 IHC positive (TPS >50) was
not different in proliferative (21.7%; 15/69) versus non-proliferative
(26%; 26/100) supporting that PD-L1 expression is independent of
proliferation status. Survival analysis using TMB high versus low did
not show a survival advantage for all ICI-treated patients (p=0.7), pro-
liferative cases (p=0.057), or non- proliferative cases (p=0.12). For 18
non-proliferative PD-L1 positive cases the response rate was 67%
(12/18) and nearly double that in the corresponding proliferative
group at 38% (5/14). For 46 non-proliferative PD-L1 negative cases
the response rate was 35% (12/18) and more than three times that
in the corresponding proliferative group at 11% (4/35). Survival for
all combinations of PD-L1 and cell proliferation was greatest for PD-
L1 positive non- proliferative cases, but perhaps equally if not more
important was survival for PD-L1 negative non-proliferative cases
was nearly equal to that for PD-L1 proliferative cases.
Conclusions
Cell proliferation, or more specifically high proliferation, is an import-
ant immune escape mechanism in NSCLC. Non-proliferation is an
emerging biomarker for response to ICIs in NSCLC.
Ethics Approval
OmniSeq’s analysis utilized deidentified data that qualified as non-
human subject research under IRB protocol (BDR #080316) approved
by Roswell Park Comprehensive Cancer Center (Buffalo, NY).
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Background
Despite the clinical breakthroughs achieved by cancer immunother-
apy, a majority of patients fail to respond to PD-(L)1 inhibition due to
primary or acquired resistance. Profiling of human urothelial cancer
and melanoma tumors has recently implicated TGFβ activation as a
potential mechanism of primary resistance to checkpoint therapies.
However, therapeutic targeting of the TGFβ pathway has been hin-
dered by dose-limiting cardiotoxicities, most likely due to inhibition
of signaling from multiple TGFβ isoforms. Upon secretion, TGFβ
growth factor is held in a latent complex with its non-covalently as-
sociated prodomain. TGFβ activation is induced by extracellular
events that release the growth factor from this latent complex. We
previously demonstrated that isoform-specific inhibition of TGFβ acti-
vation can be achieved by targeting the latent TGFβ complex. We hy-
pothesized that the identification and inhibition of the predominant
TGFβ isoform in tumors would enable a more targeted and poten-
tially safer approach to TGFβ inhibition.
Methods
The Cancer Genome Atlas (TCGA) database was interrogated to assess
mRNA levels of TGFβ isoforms. Antibody- mediated inhibition of TGFβ1
activation was tested using luciferase-based reporter cells. Efficacy of
TGFβ1-selective inhibition in combination with anti-PD-1 was assessed
in the MBT-2 bladder cancer and CloudmanS91 melanoma models.
Results
Bioinformatic analysis of TCGA data identified TGFβ1 as the predom-
inant isoform in many human tumors. We generated high affinity,
fully-human antibodies against latent TGFβ1. They inhibit the activa-
tion of latent TGFβ1 with no detectable binding to or inhibition of la-
tent TGFβ2 or latent TGFβ3. Efficacy was tested in MBT-2 and
CloudmanS91, two syngeneic mouse models that recapitulate key as-
pects of the primary PD-1 resistance phenotype of human disease.
Inhibition of TGFβ1 activation is sufficient to completely block TGFβ
signaling in MBT-2 tumors. Both models are largely resistant to anti-
PD-1 or anti-TGFβ1 alone. However, the combination of anti-PD-1
with blockade of TGFβ1 activation leads to tumor growth delay, a
substantial number of complete responses, and prolonged survival
coupled with increased effector CD8+ T cell infiltration.
Conclusions
We show here that in many human tumor types, especially those for
which checkpoint inhibitors are approved as therapies, TGFβ1 is the
predominant isoform. Pharmacologic blockade of TGFβ1 activation is
sufficient to sensitize TGFβ1-predominant tumors to PD-1 inhibition.
These encouraging efficacy data and the potentially favorable safety
profile of TGFβ1 isoform-selective inhibition establish a strong rationale
for exploring therapeutic application of combining PD-(L)1 blockade
with latent TGFβ1 inhibition in treatment of multiple cancer types.
Ethics Approval
Animal studies were conducted in compliance with CR Disovery Ser-
vices IACUC ASAP # 980701 & #980702, and AAALAC Certification
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Background
Locally advanced breast cancers (LABC) that display lymphovascular in-
vasion (LVI), such as inflammatory breast cancer (IBC), rapidly acquire
therapeutic resistance and are highly lethal. A critical question is how,
despite trafficking through lymphatics where they encounter immune
effectors and inflammatory stress, do the tumor cells evade immune-
mediated cell death. IBC expresses high levels of the anti-apoptotic pro-
tein, X-linked inhibitor of apoptosis protein (XIAP). We previously identi-
fied that, in addition to its canonical function as a potent caspase
inhibitor in both the extrinsic and intrinsic apoptosis pathways, XIAP ac-
tivates nuclear transcription factor (NFκB) in suppression of two mecha-
nisms of cell death caused by anti-tumor immune effectors (antibodies
and T cells), granzyme-mediated cell death and accumulation of react-
ive oxygen species. Further, we identified a mechanism of stress-
induced protein translational upregulation of XIAP in promoting tumor
cell survival in models of IBC. Therefore, we hypothesized that stress-
mediated XIAP-NFκB signaling can lead to a tumor cell-promoted
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immunosuppressive environment and targeting this signaling axis can
enhance the efficacy of immunotherapy.
Methods
Using multiple cell models of aggressive breast cancer, we observed
that increased XIAP expression caused decreased immune-mediated
caspase activation, lower ROS induction/increased antioxidant pro-
tein, and NFκB target gene transcripts in the immune/inflammatory
network. To directly test if increased XIAP-NFκB survival signaling can
suppress efficacy of immunotherapy, we tested the FDA approved
EGFR-specific monoclonal antibody (cetuximab), widely used in can-
cer therapy, in in vitro antibody-dependent cellular cytotoxicity
(ADCC) assays and in in vivo tumor growth kinetic analysis of IBC
cells with differential apoptotic capability when implanted orthotopi-
cally in the mammary fat pad of mice with functional NK activity.
Results
IBC cells with XIAP overexpression and resultant increases in NFκB tar-
get genes regulating antioxidant and immune factors were insensitive
to cetuximab-mediated ADCC and resistant to cetuximab-mediated in-
hibition of in vivo tumor growth when compared to the ADCC-sensitive
cell lines. In order to re-sensitize these XIAP overexpressing cells to-
wards ADCC, we tested two strategies- 1. targeting XIAP-NFkB signaling
using NRAGE peptide that blocks the XIAP-Tab1-Tak1 complex; 2. SMAC
mimetics/birinapant, a synthetic small molecule and peptidomimetic of
second mitochondrial-derived activator of caspases (SMAC) and inhibi-
tor of IAP family proteins. Our results reveal enhanced immune-
mediated cell death/sensitivity to immunotherapy.
Conclusions
Our in vitro and in vivo preclinical studies identify the cellular stress-
mediated induction of the XIAP-NFκB signaling axis as a novel mech-
anism of immune evasion and reveal the potential of targeting this
signaling pathway to improve breast cancer immunotherapy.
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Background
Many tumors are infiltrated with CD8 lymphocytes. Yet, tumors are
not rejected suggesting that the tumor environment limits effector
cell efficacy to control tumor growth.
Methods
Using human renal cell carcinoma, multiparameter fluorescence
staining and confocal microscopy was performed to determine the
status of lymphocytes in direct physical contact with malignant cells
under the control of the local microenvironment. Ex vivo TIL analysis
was used to identify TCR signaling alterations in CD8-TILs compared
to CD8 T cells of non-tumor kidney.
Results
A special image analysis, modeled on the process of lytic granule
exocytosis, was applied to identify CD8-TILs with active tumor recog-
nition. The cytotoxic status of CD8-TILs, determined in relation to the
TILs’ spatial distribution within the tumor, revealed a pivotal role of
the tumor microenvironment in restraining lytic function of CD8-TILs.
Some TILs appeared actively engaged in tumor recognition; however,
there was no evidence that any CD8 cell was stimulated to produce
IFNg. Application of in vitro models, which mimic conditions of solid
tumors, identified tumor lactic acidosis as one potent factor abrogat-
ing TCR-stimulated IFNg production by inhibition of p38 and JNK/c-
Jun activation. Ex vivo analyses of TILs identified TCR signaling alter-
ations in CD8-TILs compared to CD8 T cells of non-tumor kidney,
which were associated with failure to degranulate. These deviations
were reversible concomitantly with gain in perforin and function.
Conclusions
The results reveal mechanisms of inhibition of CD8- and NK-TIL func-
tion imparted by the tumor environment which are related to im-
mune escape in RCC. Based on identified alterations strategies to
engineer T cells (i.e chimeric costimulatory proteins) and to modulate
the tumor environment are designed to empower T cells for higher
efficacy in adoptive therapy.
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Background
Myeloid-derived suppressor cells (MDSCs) are an adverse cancer-
wide prognostic population of immune infiltrating cells that contrib-
ute to tumor immune evasion by suppressing local T-cell activation
and viability and influencing tumor progression by promoting tumor
metastases, angiogenesis and tumor cell invasion [1]. PMN-MDSC cell
signatures have emerged as a significant predictor of poor survival
across solid tumors [2]. Here we explore the role of the CXCR2 path-
way on PMN-MDSCs in the tumor microenvironment and the mecha-
nisms of CXCR2-driven enhancement of checkpoint blockade.
Methods
Chemotaxis assays were performed. Anti-tumor activity was assessed
in the B16-F10 syngeneic tumor model utilizing a small molecule an-
tagonist of CXCR2, MK-7123 (Navarixin) and an anti-mouse PD-1
blocking antibody, muDX400. Molecular and cellular responses asso-
ciated with anti-tumor activity were evaluated by RNA- Sequencing
analysis, flow cytometry, and functional assays.
Results
Here we show that cancer patient PMN-MDSCs highly express the
CXC G protein-coupled receptor, CXCR2, and that its chemokine lig-
and, IL-8, can influence the migration of this myeloid population. In
addition, CXCR2 expression significantly correlates with poor survival
across solid tumor types. In mouse tumor models, CXCR2 blockade
disrupts the trafficking of CD11b(+)Ly6C(-)Ly6G(+) PMN-MDSCs/neu-
trophils in the tumor microenvironment and enhances the anti-
tumor effect of checkpoint blockade. Preclinical studies to further ex-
plore the molecular and cellular mechanisms behind these combin-
ation effects will be presented, utilizing a small molecule antagonist
of CXCR2, MK-7123 (Navarixin), and an anti-mouse PD-1 blocking
antibody, muDX400. Tumor transcriptome and network analyses by
RNA-sequencing reveal that MK-7123 + muDX400 combination treat-
ment result in the enrichment of immune and tumor-related path-
ways. Moreover, changes to chemokine profiles favor enhanced T
cell infiltration into the tumor. In addition, the effects of commensal
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microbiota on response to monotherapy and combination treatment
will be explored.
Conclusions
Taken together, these preclinical oncology studies support the concept
of targeting CXCR2 to increase the therapeutic efficacy of PD-1 block-
ade. Clinical investigation of Navarixin in combination with pembrolizu-
mab/Keytruda is ongoing for the treatment of multiple cancers.
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Background
Despite impressive durable clinical responses in tumor patients with
distinct subtypes of cancer employing cancer immunotherapies, a
high frequency of patients does not respond or develop resistances
during treatment overtime. Therefore, identification of the underlying
molecular mechanisms of these resistances as well as identification
of novel therapeutic approaches to overcome them might signifi-
cantly improve the clinical outcome and survival of patients.
Methods
A number of both tumor intrinsic as well as tumor extrinsic factors
have been identified by us, which are involved in the escape of im-
mune surveillance of different tumors.
Results
These include downregulation of MHC class I antigen processing and
interferon signaling components, upregulation of co-inhibitory mole-
cules, such as HLA-G and PD-L1, as well as downregulation of extracel-
lular matrix proteins. These different alterations could occur either at
the transcriptional, epigenetic or posttranscriptional level, while struc-
tural alterations leading to loss of expression of these immune modula-
tory molecules appear to be a rare event. Interestingly, impaired HLA
class I APM component expression has been demonstrated to be dir-
ectly associated with disease progression after adoptive T cell therapy.
Next to these tumor intrinsic factors, the tumor microenvironment also
plays an important role in immune escape. In particular, the immune
cell compositions in peripheral blood as well as the spatial distribution
of immune cells in the tumor microenvironment are key factors of im-
mune suppression. This was directly associated with a worse prognosis,
reduced survival and/ or lack of response to cancer (immuno)therapies.
Furthermore, treatment of cells with cytokines, like interferons, as well
as recombinant proteoglycans anti-oxidant substances, e.g. methyl sel-
enic acid, and epigenetic drugs were able to enhance HLA class I sur-
face expression thereby resulting in an enhanced immune response.
Conclusions
Thus, overcoming the acquired an intrinsic therapy resistance of tumors
is an important tool for improving (immuno)therapeutic strategies.
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Background
Harnessing the immune system by altering the ability of T-cells to at-
tack cancer has led to long-lasting cures in some tumors. Nonetheless,
pancreatic ductal adenocarcinoma (PDAC), one of the most lethal ma-
lignancies, remains resistant to immunotherapy. To design effective
therapies, it is critical to learn how PDAC evades the immune system.
Methods
We hypothesize that p53 mutations mediate tumor escape from T-cells
in PDAC, and test whether subsets of p53 mutations in PDAC tumors
impact T-cell migration and killing, using novel in vitro and inducible
in vivo models, to characterize a new role for p53’s regulation in cancer.
Results
Here we present results suggesting that a subset of p53 missense
mutants impact T-cell infiltration into and autologous T-cell killing in
PDAC tumors, in a possible dominant gain-of-function mechanism.
Conclusions
These findings begin to elucidate the role of p53 activating muta-
tions in tumorigenesis,and providing rationale to investigate mutant
p53 immune-regulation in PDAC and other tumor types.
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Background
Cancer patients that do not respond to PD1 blockade have increased
inhibitory receptor (IR) expression in peripheral blood lymphocytes
(PBL) and increased cytokine concentrations in the plasma. Cancer
patients off therapy and with normal white blood cell counts are
often at greater risk for infections, immune dysregulation, progres-
sive disease or reactivation of viral infections. However, the exact
mechanism of this systemic immunosuppression in cancer patients is
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not fully understood. We performed flow cytometric assays to assess
both phenotype and function of peripheral CD8+ T cells in cancer
patient samples and healthy donor controls. We hypothesize that
cancer patients may have systemic immune suppression via
cytokine-driven IR expression in all CD8+ T cells subsets, including
naïve cells.
Methods
PBL were obtained from healthy donors and treatment-naïve NSCLC,
HNSCC, and melanoma patients. IR (i.e. LAG3, PD1, CTLA4, etc) ex-
pression was assessed on CD8+ T cells, CD4+ T cells, and regulatory
T cells. Cytokine concentrations were compared by Luminex between
plasma from healthy donors and plasma from cancer patients with
high and low IR expression on peripheral CD8+ T cells. Autologous
micro-stimulation assays were performed on peripheral CD8+ or CD4
+ T cells with antigen presenting cells plus or minus IR blockade.
Results
CD8+ T cells, including CD45RA+CCR7+CD62L+CD8+ T cells, from
cancer patient PBL contain elevated total LAG3 expression which cor-
related with stage and elevated expression of other IRs. Further, CD8
+ T cells from these patients had decreased proliferation, which was
rescued with the addition of anti-LAG3 or anti-PD1. Plasma from
these patients had significantly elevated levels of cytokines that can
signal via STAT3 (i.e. IL-6, IL-8, IL-9), which were independently found
to increase total IR expression in healthy donor, naïve CD8+ T cells.
Conclusions
The current understanding of PD1 blockade resistance has been lim-
ited to the tumor microenvironment (TME) and our findings support
the growing body of literature that tumor-related systemic immune
suppression is a potent mechanism of cancer progression. Patients
with cancer have systemic elevations of cytokines that signal via
STAT3 leading to increased IR expression in naïve, peripheral CD8+ T
cells making them poised for exhaustion even before TCR binding.
These findings suggest that IR blockade also plays a significant role
in reversing immune tolerance outside of the TME and cytokine
blockade may play a role in reversing PD1 blockade resistance.
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Ethics Board, approval number: PRO16070383.
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Background
We studied loss of function (LOF) mutations within the interferon
(IFN) pathway (JAK1 or JAK2) and in the antigen presentation path-
way (beta-2-microglobulin-B2M) found in biopsies from patients who
are resistance to anti-PD-1 therapy, and tested strategies to over-
come the resistance.
Methods
Using CRISPR/Cas9 genome editing we generated JAK1, JAK2 and
B2M knockout (KO) sublines of the murine MC38 carcinoma, a model
of high mutational load cancer that responds well to anti-PD-1, as
well as of human MART-1-positive melanoma cell lines, tested using
in-vitro T cell co-culture systems. We analyzed signaling changes in
human cell lines (parental and KOs) exposed to IFN-gamma using
RNAseq. In addition, we performed in-vivo antitumor activity in the
MC38 variants using mass cytometry (CyTOF) to characterize the
tumor microenvironment. Finally, we tested strategies to overcome
resistance mechanisms with SD-101 (TLR-9-agonist) and NKTR-214
(CD-122 biased agonist).
Results
The JAK1-KO sublines lost sensitivity to IFN-alpha, IFN-beta and IFN-
gamma, while the JAK2-KO cell line was insensitive only to IFN-gamma
induced signaling (PD-L1, MHC class I) and growth arrest (p<0.001 com-
pared with IFN-alpha or beta). There was no difference in the in-vitro
cytotoxicity by MART-1 specific T-cells against JAK1/2- KO-MART-1+
melanoma cells compared to the parental (94%, 95% vs 90% cytotox-
icity at 10:1 E:T ratio, pNS). However, B2M-KO was resistant to killing by
MART-1 specific T-cells (2% vs 90% cytotoxicity at 10:1 E:T ratio,
p<0.0001). RNAseq differential gene expression analysis showed that
the IFN-gamma-induced increased expression of antigen presenting
machinery, IFN-gamma signaling and chemokines (CXCL9, CXCL10)
were not expressed by JAK1/2-KOs. In the MC38 model, the significant
antitumor activity of anti-PD-1 against the parental was lost in JAK1/2
and B2M KOs (Table1); in these KO sublines, CyTOF analysis revealed
that anti-PD-1 therapy was unable to change tumor CD8 T-cell infiltra-
tion. Using JAK1/2-KOs cell lines we showed that intratumoral adminis-
tration of the TLR-9 agonist SD-101 was able to overcome local
resistance to anti-PD-1 even in abscopal sites, and the NKTR-214 over-
came resistance to anti-PD-1 in the B2M-KO tumor growth and signifi-
cantly increased survival.
Conclusions
JAK1/2 LOF mutant tumors result in loss of sensitivity to IFN induced
antitumor effects but do not impair T cell recognition and cytotoxicity,
while B2M LOF results in lack of antigen presentation to T cells and loss
of antitumor activity. Both lead to in-vivo resistance to anti-PD-1 ther-
apy, and JAK1/2 KO resistance can be overcome by a TLR9 agonist, and
B2M-KO resistance can be overcome by a new generation IL-2.
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Background
While immune checkpoint blockade therapy and even some vaccines
have given rise to durable responses in many cases of advanced mel-
anoma, a large fraction of patients subsequently develop secondary
resistance to therapy. Mechanisms of immune-resistant cancer pro-
gression in this context are incompletely understood. Our lab previ-
ously showed tumor-intrinsic WNT/β-catenin activation can mediate
T cell exclusion from tumor and primary resistance to anti-CTLA-4 +
ant-PD-L1 therapy [1,2]. In addition, genetic loss of the tumor sup-
pressor PTEN has been associated with defective T cell infiltration
and primary resistance to PD-1 blockade [3]. However, whether sec-
ondary resistance might occur upon acquired oncogenic pathway al-
terations following initial response to immunotherapy is not known.
We describe two metastatic melanoma patients who had a durable
response to immunotherapy, but subsequently developed secondary
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resistance characterized by a phenotypic shift from a T cell- inflamed
to non-T cell-inflamed tumor microenvironment, associated with
oncogenic pathway alterations.
Methods
Case 1: A patient with metastatic melanoma was treated on a peptide/
interleukin-12 vaccine protocol every 3 weeks for one year and
achieved a partial response. Three years later a new metastatic lesion
developed. Tumor gene expression profiling and histologic analysis for
CD8 T cell infiltration and β-catenin expression were performed at
baseline and at recurrence. Case 2: A patient with metastatic melanoma
was treated with anti-CTLA-4 + PD-1 therapy and achieved a major par-
tial response for a total of nineteen months. Baseline and treatment-
resistant tumors underwent next-generation sequencing comprising a
panel of commonly altered cancer genes for mutational and copy num-
ber analysis. Tumor biopsies were examined for CD8 T cell infiltration.
Results
Case 1: The baseline tumor prior to peptide vaccination demon-
strated a T cell-inflamed gene signature and a robust intratumoral
CD8 T cell infiltrate. In contrast, the recurrent treatment-resistant me-
tastasis had a non-T cell inflamed phenotype and no infiltrating CD8
T cells. The new metastasis also acquired extensive expression of β-
catenin, which was undetectable in the baseline lesion. Target anti-
gens and circulating tumor-reactive T cells were detectable at the
time of progression. Case 2: The on-treatment biopsy during anti-
CTLA-4 + PD-1 therapy showed intratumoral CD8 T cells, while the
recurrent metastasis lacked infiltrating CD8 T cells. The treatment-
resistant metastasis uniquely harbored biallelic PTEN loss with no de-
tectable PTEN protein present.
Conclusions
Our findings suggest that secondary resistance to immunotherapy
may arise when tumor up-regulates β-catenin expression or under-
goes genetic loss of PTEN, oncogenic events capable of driving T cell
exclusion from the tumor microenvironment.
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Background
The effectiveness of MAPK cascade-targeting therapies to treat pa-
tients with BRAF-V600E-mutant melanomas has been limited by a
range of resistance mechanisms that may be driven by the tumor ne-
crosis factor (TNF). TNF signaling is mediated through TNF receptor
type-1 (TNFR1) and TNF receptor type-2 (TNFR2). TNFR1 signaling
mediates apoptosis or cell survival/cytokine secretion, while TNFR2
selectively mediates cell survival/cytokine secretion. Although TNFR1
and TNFR2 are preferentially activated by soluble (sol)TNF and trans-
membrane (tm)TNF, respectively, they can crosstalk via shared signal-
ing molecules. While TNF receptor 1 (TNFR1) is ubiquitously
expressed, little is known about the expression patterns and func-
tional roles of TNFR2 on melanomas.
The primary goals of this study are to evaluate whether TNFR2 is
expressed on melanoma, to determine which TNFR mediates TNF-
mediated resistance reprogramming to MAPK inhibitors (MAPKi) and
to decipher whether INB03, a dominant-negative TNF biologic and
specific antagonist of solTNF, can antagonize this therapeutic resist-
ance pathway.
Methods
TNFR1/2 expression patterns on BRAF-mutant melanomas were eval-
uated by multi-color flow cytometry. Recombinant TNF was used to
induce MAPKi resistance in melanomas. Activated human macro-
phages were used in transwell co-culture systems to induce MAPKi
resistance in melanomas. The effectiveness of INB03 to antagonize
this therapeutic resistance pathway was compared to an anti-TNF
antibody and a selective NF-kB inhibitor. CRISPR/Cas9 system was uti-
lized to edit out TNFR1 and TNFR2 on a melanoma cell line, and
these knockout variants were used to test the intrinsic roles of these
receptors in TNF-induced resistance to MAPKi. MTT viability assay
was used as the readout for melanoma sensitivity to MAPKi.
Results
TNFR1 and TNFR2 were co-expressed by 48% of BRAF-V600E-mutant
melanoma cell lines and primary melanomas. Interestingly, only cell
lines that co-expressed TNFR1 and TNFR2 could acquire MAPKi resist-
ance in response to recombinant and macrophage-derived TNF.
Functional studies of TNFR1 and TNFR2 knockout cell lines indicated
that both TNFR1 and TNFR2 signaling were necessary for the TNF-
mediated induction of resistance to MAPKi. Finally, selective seques-
tration of both recombinant and macrophage-derived TNF using
INB03 effectively prevented acquisition of resistance to MAPKi by
BRAF-V600E mutant melanoma cell lines in vitro.
Conclusions
solTNF-mediated induction of MAPKi resistance in BRAF-V600E-
mutant melanomas is predicated on the co-expression of TNFR1 and
TNFR2. Our data indicate that almost half of BRAF-V600E-mutant mel-
anomas express TNFR2. These results indicate that TNFR2 could be a
biomarker that could be used to select for melanoma patients that
could benefit from TNF-targeting therapies.
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Background
Colorectal carcinoma (CRC) is generally resistant to immunotherapies,
suggesting possible CRC-specific immunosuppressive mechanisms. In
this study, we have identified markers which could define particular
subpopulation harboring immuno-resistant properties and investi-
gated the underlying mechanisms of the immunosuppression.
Methods
We analyzed the expression pattern of 30 CD (cluster of differenti-
ation) antigens on 10 human CRC cell lines. We sorted a CRC cell line
into the CD44-positive fraction and the CD44-negative fraction, and
evaluated their sensitivity to CTL lysis. Gene expression profiles of
the CD44-positive CRC fraction which showed resistance to CTL lysis
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were compared with those of the CD44-negative CRC fraction using
the cDNA micro array. For the functional analysis of protease inhibi-
tor X (PI-X) which was preferentially expressed in CD44-positive frac-
tion, we evaluated the effect of PI-X knockdown by siRNA or PI-X
overexpression in CRC cell lines on the sensitivity to CTL lysis in vitro
and the effect of PI-X overexpression in murine CRC cells on the
therapeutic efficacy of anti PD- 1 therapies in vivo. We also evaluated
the correlation of the PI-X expression in human CRC and T cell infil-
tration and the patients’ prognoses by the analyses of immunohisto-
chemistry and TCGA RNA-seq data.
Results
10 out of 30 tested CD antigens were heterogeneously expressed on
the human CRC cell lines. Among these 10 CD antigens, we found
that the CD44-positive fraction in human CRC cell lines were more
resistant to tumor specific CTL-mediated killing compared to the
CD44-negative fraction. cDNA microarray analysis revealed the CD44-
positive fractions more highly expressed protease inhibitor X (PI-X)
than the CD44-negative fractions. The expression level of PI-X was
also positively correlated with that of CD44 in TCGA RNA-seq data-
base. PI-X showed the highest expression in CRC among 17 human
cancer tissues in meta-analysis using open-access gene expression
data. The experiments of PI-X overexpression or PI-X knockdown in
CRC cell liens showed PI-X could suppressed CTL-mediated killing.
TCGA RNA-seq data showed the negative correlation between PI-X
expression and CD8 expression. Moreover, analyses of immunohisto-
chemistry and TCGA RNA-seq data revealed the best prognosis of
the patients with low PI-X expression and high CD8+ T cell infiltra-
tion. In tumor-bearing mouse models, over expression of PI-X in a
murine cancer cell line induced the resistance to anti PD-1 Ab
therapies.
Conclusions
CD44 and PI-X may be potential biomarkers for prognosis and re-
sponses of CRC patients to cancer therapies including PD-1 blockade,
and also be attractive therapeutic targets for combination
immunotherapies.
Ethics Approval
The study was approved by Keio Univ. school of medicine Institutu-
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Background
Antibody-dependent cell-mediated cytotoxicity (ADCC) is an import-
ant mechanism underlying targeted monoclonal antibody (mAb)
therapy in cancer. The majority of patients develop resistance to
mAb therapy; however the resistance mechanisms are not well char-
acterized. In vitro modeling of ADCC provides an experimental sys-
tem for uncovering tumor cell immune resistance mechanisms.
Methods
We continuously exposed epidermal growth factor receptor (EGFR)
positive A431 cells to KIR-deficient NK92-CD16V effector cells and the
anti-EGFR mAb Cetuximab.
Results
Persistent ADCC exposure yielded ADCC-resistant cells, that when
compared with control ADCC-sensitive cells, exhibited reduced EGFR
expression, overexpression of histone- and interferon-related genes,
failure to activate NK cells, and no evidence of epithelial to mesen-
chymal transition. These properties gradually reversed following
withdrawal of ADCC selection pressure. Remarkably, ADCC-resistant
cells possessed lower expression of multiple cell surface molecules
that contribute to intercellular interactions and immune synapse for-
mation. Classic immune checkpoints did not modulate ADCC in this
unique model system of immune resistance.
Conclusions
We show that the induction of ADCC resistance involves genetic and
epigenetic changes that lead to a general loss of target cell adhesion
properties required for the establishment of an immune synapse,
killer cell activation, and target cell cytotoxicity.
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Background
Although the temporality of immune-related adverse events (irAE) is
well-recognized during immunotherapy to be highly variable and
often delayed,[1] post-immunotherapy irAE are rarely described and
potentially under- recognized. In 2013, two cases were reported in
abstract form in Deutschen Dermatologischen Gesellschaft.[2] In July
2018 a case of autoimmune hepatitis eight months post-
immunotherapy was reported in The Oncologist[3] and a dermato-
logic series appeared online in JAMA Dermatology.[4] With expand-
ing indications for IO and an increasing number of clinical trials in
the curative-neoadjuvant setting, larger numbers of patients are be-
ing treated in earlier stages of disease and often for short courses.
Given this trend, under-recognition of delayed immune- related
events (DIRE) after completion of immunotherapy could pose a grow-
ing clinical hazard.
Methods
We performed a literature review in PubMed and Google Scholar
(search terms included in Table 1); DIRE syndrome was defined as
immune-related events post-immunotherapy, newly incident beyond
two elimination half- lives (t 1/2) of drug.
Results
We identified 10 cases, 6 by literature review (5 melanoma, 1 cutane-
ous SCC) and an additional 4 cases at our institution (4 HNSCC). Me-
dian cumulative immunotherapy exposure was 4 doses (range: 2 to
22 doses). Median interval from last immunotherapy dose to DIRE
onset was 5 months (range: 2 to 28 months). All literature cases were
in the recurrent/metastatic context; we report four cases in the
curative-neoadjuvant context (italicized) with one recurrence.
Conclusions
An influx of neoadjuvant clinical trial design over the last 2-3 years,
incorporating brief IO exposure (typically checkpoint blockade)
followed by surgical resection and/or adjuvant therapy, is attracting
interest in multiple tumor types in the curative setting.[5–9] In this
context, it will be necessary to recognize an emerging phenomenon,
which we have termed DIRE syndrome (delayed immune-related
events). Clinical vigilance has the potential to reduce morbidity from
delayed diagnosis, as these conditions are generally manageable
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with prompt initiation of treatment; or from misdiagnosis, to avert
unnecessary/harmful interventions (in the autoimmune meningitis
case we report, an Omaya reservoir was placed at an out-of-state
hospital based on erroneous diagnosis of leptomeningeal carcinoma-
tosis). Several factors confound diagnosis in the neoadjuvant-IO con-
text: 1) intervening treatments with potentially overlapping toxicities;
2) brief and remote IO exposure; 3) reduced vigilance during NED
surveillance, in contrast to active disease follow-up; 4) protracted
process of diagnosis-by-exclusion. DIRE syndrome should therefore
figure prominently in the differential diagnosis of patients presenting
with diseases of unclear etiology, irrespective of elapsed post-
immunotherapy interval.
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Background
Immune checkpoint inhibitors (ICIs) may be associated with
treatment-mediated and immune-mediated adverse events (trAEs
and imAEs, respectively), in particular when used in combination. The
objective of this model-based meta-analysis (MBMA was to
characterize immune mediated AEs of anti-PD-1 and anti-CTLA-4
monotherapies and combinations, normalized by drug exposure and
drug potency.
Methods
We performed an exhaustive search of clinical ICI safety data
in PubMed-Medline, the ASCO Abstracts, TrialTrove, and other
sources. To quantitatively compare safety across monotherapy
and combination studies, we normalized the data by drug ex-
posure, as derived from pharmacokinetic models for anti-PD-1
and anti-CTLA-4 agents, and by drug potency. A cross-study
model-based meta-analysis (MBMA) of safety was then per-
formed for Grade 3&4 trAEs and imAEs, for five organ classes:
gastrointestinal (GI), skin, pulmonary, hepatic, and endocrine.
Exposure vs. safety meta-regression and subgroup analyses
were implemented with the R software metafor package.
Results
Safety data from 133 cohorts out of 82 publications on 65 clin-
ical trials were built into the study-level database for ICI trAEs
and imAEs. Performing the corresponding MBMA, we deter-
mined: (a) no significant dependence on dose, for both Grade
3&4 total AEs and imAEs, under anti-PD-1 monotherapies, ex-
cept for rare GI imAEs; (b) significant dose dependence, for
both Grade 3&4 total AEs (increase from 23% [low] to 40%
[high dose]) and hepatic AEs (increase 1% to 7%), under anti-
CTLA-4 monotherapies, (c) significant anti-CTLA-4 dose depend-
ence, for both Grade 3&4 total AEs (increase from 35% to 52%)
and hepatic (increase 6.5% to 19%), GI, skin and endocrine
AEs, under anti-CTLA-4 and anti-PD-1 combination treatments.
AE rates for anti-PD-1 and anti-CTLA-4 combinations were
supra additive vs. AE rates in the respective monotherapy, with
an increase of ~10% for Grade 3&4 AES and ~15% for Hepatic
AEs. Furthermore, under combination treatments, AE rates were
from 5% (monotherapy) up to 20% (combination) higher in 1L
patients (vs. other lines of treatment) and also about 15%
higher in patients with positive PD-L1 status (vs. PD-L1 nega-
tive). Higher AE rates, generally, were also associated with
higher efficacy responses to ICI therapies (Figure 1).
Conclusions
A comprehensive database combined with an exposure/po-
tency-normalized MBMA of ICI-related imAEs enabled a quanti-
tative comparison of AEs across anti-PD-1 / CTLA-4 mono- and
combination therapies, and in relation to key patient character-
istics (PD-L1 status, line of treatment) and efficacy measures.
This analysis may support rational dose selection and can be
applied to other ICI agents, in mono- and combination treat-
ment settings.
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Background
A deep understanding of the immunobiology of checkpoint inhibitor
(CPI) induced immune related toxicities (irAEs) could lead to development
of strategies that uncouple autoimmunity from anti-tumor immunity. Im-
mune- related enterocolitis (irEC) is the most common serious complica-
tion from CPIs. Interleukin-6 (IL-6) is a key cytokine in autoimmunity
(rheumatoid-arthritis, inflammatory-bowel disease) contributing to acute
and chronic inflammation and is an essential differentiating cytokine
committing naïve CD4+T-cells into T-helper17 (Th17) lineage. The role of
Th17 cells in irAEs is not fully explored, and their tumor immunity func-
tion is controversial. Through RNA gene-expression profiling, we sought
to identify the critical immune pathways in irEC and how these compare
to the immune signatures in CPI-responding tumor samples.
Methods
Total RNA from patient-matched irEC and normal colon FFPE tissue
from patients [n=12] receiving CPIs (aPD-1 = 3, aCTLA-4= 7, aCTLA-4
+ aPD-1 = 2) were profiled with the NanoString nCounter PanCancer
Immune Profiling Panel (NanoPCIP). Of the 770 NanoPCIP-panel
genes, fold change in gene expression were compared between the
normal and inflamed colonic tissue using two-sample T tests. P-
values were corrected using Benjamin-Yekutieli adjusted false discov-
ery rate, and an adjusted p-value < 0.05 were considered significant.
We also summarized fold- changes in gene-expression in CPI-
responding melanoma tumors from a longitudinal NanoPCIP panel
immune signature analysis previously performed at our institution.
Results
Significantly upregulated differentially expressed genes (DEGs) in the in-
flamed irEC tissue was observed in 52 genes compared to the normal
colon control (adjusted p<0.05; figure 1). The highest up-regulated DEG
encoded for IL6 (Fold change of +24.1). Other genes highly upregulated
included IL-11 (a member of the IL-6-type cytokine- family) and genes
that encode chemotactic molecules (Table-1).In our melanoma histor-
ical control, 173 DEGs significantly upregulated with a-CTLA-4
treatment (pre vs. on-treatment tumors) had a significant interaction
with treatment-response. Only one gene was concordantly in our high-
est up-regulated DEGs in colitis (CXCL2). Most of our 10 highest colitis
DEGs were not significantly up-regulated in tumors of CPI-responders
compared to non- responders (Table-1). None of the 10 genes signifi-
cantly and highest up-regulated in responding tumors were signifi-
cantly upregulated in irEC (Table-2).
Conclusions
IL6 was the most significantly upregulated gene within inflamed-irEC
samples compared to matched controls; the majority were not up-
regulated in association with tumor-response to CPIs. Our data sug-
gest that IL-6 is important in irEC. IL-6-mediated inflammation may
be more prevalent in irEC than in the responding tumors; targeting
IL-6 may ameliorate irEC without hindering anti-tumor immunity.
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Background
Immune related arthritis (ir-arthritis) is well documented Checkpoint
inhibitors (ICIs) toxicity [1]. Ir AR occur in ~2% of cancer patients who
receive ICI [2,3,4]. Although it is not life-threatening toxicity, it is clin-
ically symptomatic toxicity and can severely impact the patients’
quality of life and can lead to disconsolation of ICI treatment. Usually,
ir-arthritis requires a substantially prolonged period of immune sup-
pression compared to other irAEs, which we may negatively impact
and compromise the clinical anti-cancer benefit. A deeper under-
standing of the immunobiology of ir-arthritis and detailed immune-
characterization of the inflamed tissues will possibly allow us to de-
velop treatment strategies that lead to uncoupling autoimmunity
from anti-tumor immunity. Here, we characterize synovial immune
cells isolated from five patients who developed ir-arthritis post-ICI.
Methods
We analyzed synovial fluid from five symptomatic patients, who de-
veloped ir-arthritis (joint pain and swelling) after ICI treatment. Using
flow cytometry, we stained lymphoid immune cells with lineage-
specific markers and measured effector cytokines in the CD4+ T cell
populations.
Results
Median time of joint aspiration from the first ICI-infusion was 34
weeks (Range [4,166]). Arthritis was initially treated with systemic or
local injection of prednisone. Two patients achieved complete reso-
lution of arthritis (“steroid responders”) while three patients remained
refractory with partial relief/response to prednisone requiring add-
itional/alternative treatment (“steroid refractory”). Immune analysis
demonstrated that CD4+ T cells (53.1±13.2%) most abundant lymph-
oid immune-cells followed by CD8+ T cells, NK cells, NK T cells, and B
cells. Most CD4+ and CD8+ T cells were effector memory phenotype.
Several relevant CD4+ T-cell subsets were identified in the synovial
fluid, including regulatory T cells (Treg), naïve T cells, Th1 (CXCR3hi
CCR6lo), Th17.1 (CXCR3hi CCR6hi), Th17 (CXCR3lo CCR6hi), and fol-
licular helper T cells (CXCR5+). Effector CD4+ T cell cytokines, includ-
ing interferon gamma, IL-4, IL-17, and IL-21, were produced by both
Tregs and non-Tregs. Interestingly, IL-17 producing non-Tregs were
expanded in synovial fluid from steroid –refractory patients com-
pared to synovial fluid from steroid-responders, suggesting that Th17
cells might play a role in persistent ir- arthritis and steroid resistance.
Conclusions
Although our preliminary data is very limited and descriptive in nature,
we find the observed expansion of IL-17 producing non-Tregs in syn-
ovial fluid from steroid- refractory very intriguing and consistent with
our prior recent publication of a successfully treated patients with ster-
oid resistant ir-arthritis with IL-6 blockade [5]. Larger and prospective
studies with longitudinal collection of tissue and blood are planned.
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Background
Despite the expansion of Immune checkpoint inhibitors (ICIs) indica-
tions there is limited data to date on predictors of ICIs’ immune re-
lated adverse events (irAEs).
Methods
Melanoma patients (pts) who received anti-CTLA-4 (ipilimumab), anti-
PD-1 (pembrolizumab or nivolumab), or the combination at the Cen-
ter for Immuno-Oncology and Melanoma at DFCI in the past 5 years
(up to December 31- 2016) were included. Patients with irAEs were
divided into 2 groups based on the severity of AEs: Grade (G) 1-2
and ≥ G 3. We analyzed the following patient characteristics and
their prediction for irAE grade: Gender, age, BMI, ECOG, smoking and
alcohol history, Flu or pneumonia vaccine administered within 6
months of starting ICIs, infections while on ICIs, history of auto-
immune disease, asthma, and seasonal allergies. The following lab
values were collected prior to starting ICIs: Albumin, LDH, neutrophil/
lymphocyte ratio, and eosinophil count. We also analyzed the follow-
ing: Prior chemo, targeted or radiation therapy, the presence of Kit,
BRAF, or NRAS mutation, the number of metastatic sites, and con-
comitant medications (ACE and ARB inhibitors, NSAID, PPI, statins, an-
tibiotics and vitamin D). Multivariable logistic regression of grade 3-4
vs. grade 1-2 irAEs was fit using the preceding characteristics as can-
didate predictors.
Results
We identified 213 patients who received a total of 246 ICIs (44 pts
had 2 and 5 pts had 3 ICIs). The maximum grade irAEs reported
were: G1 or 2 (92 pts, 43%), G 3 or 4 (121 pts, 57%). Table 1 summa-
rizes the type of ICI the patient was taking at the time of the worst
grade irAE. Patients who received combination of ICIs had signifi-
cantly increased risk of grade 3-4 irAEs compared with patients who
received single ICI. Patients with albumin levels above 4.2 had signifi-
cantly reduced risks of G 3-4 irAEs compared with patients who had
lower albumin level (table 2).
Conclusions
This is the first report to identify hypoalbuminemia as a predicting
factor for the development of grade 3-4 irAEs while on ICIs. Hypoal-
buminemia could represent poor nutritional status that may predis-
pose patients to irAEs. We are in the process of performing
correlative analyses using cytokine Luminex to identify inflammatory
markers that could predict toxicity, and this will be correlated with
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the observation of an association between hypoalbuminemia and
higher incidence of grade 3-4 irAE.
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Background
The relationship between ICIs dose-escalation and toxicity has not
been established. We performed a meta-analysis of clinical trials
investigating ICIs to understand whether there is a correlation be-
tween dose or disease type and toxicity.
Methods
We searched PubMed and abstracts presented at national and inter-
national meetings for trials (T) using FDA-approved ICIs including Ipi-
limumab, Atezolizumab, Nivolumab, and Pembrolizumab. The rates
of treatment-related grade 3-5 adverse events (G3/4 AEs) were col-
lected and the overall incidence rates for each dose cohort (DC) were
estimated using exact binomial methods. Generalized linear models
with GEE were fit to assess important predictors of G3/4 AEs.
Results
A total of 52 T published between January 2010 and December 2017
were reviewed. The overall incidence rate of G3/4 AEs was 34% in
melanoma T using Ipilimumab. Patients (Pts) treated at 3 mg/kg q3w
(3 T) had 27% reduced risk of G3/4 AEs compared to 10 mg/kg q3w
(3 T) (Figure 1, Table 1). There was no difference in the incidence of
G3/4 AEs for urothelial cancer (2 T) vs. NSCLC (3 T) using Atezolizu-
mab (1200mg q3w) (Figure 2, Table 2). The investigation of Nivolu-
mab included 39 DC within 24 different T. We compared the
following DC: 2mg/kg q3w (2 DC), 3 mg/kg q2w (20), ≤ 1mg/kg q2w
(8), ≤ 1mg/kg q3w (2), 10 mg/kg q2w (4), 10 mg/kg q3w (3). The
overall incidence rate of G3/4 AEs was 22% which was significantly
lower for pts with NSCLC than any of the other tumor types (26-40%
reductions). No relationships between dose and incidence of AEs
were noted (Figure 3, Table 3). The Pembrolizumab analysis consisted
of 23 DC from 17 reported T. Frequencies of DC: 2 mg/kg q3w (3),
200 mg q3w (8), 10 mg/kg q3w (5), 10 mg/kg q2w (7). The incidence
of G3/4 AEs was significantly lower in melanoma compared to any of
the other tumor types (20% risk reduction). Pts receiving flat dose of
200mg had significantly lower odds of G3/4 AEs compared to 2 mg/
kg q3 (P= 0.04) or 10 mg/kg q2 or 3w (P= 0.01) (Figure 4, Table 4).
Conclusions
This is the largest meta-analysis to date investigating dose-toxicity re-
lationship of ICIs. There is a clear correlation between increased dose
and toxicity using CTLA-4 antibodies (Ipilimumab). However, there is
no evidence of dose-toxicity correlation using Nivolumab, while a flat
dose of Pembrolizumab was associated with lower toxicity compared
to weight-based dose.
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Background
The rapidly developing field of cancer immunotherapy has shown
remarkable progress in its utilization as a treatment option of
various tumors in recent years. Although it is currently not rec-
ommended as a first line treatment for thymoma, pembrolizu-
mab, which blocks the PD-1 pathway thereby enhancing the
immune system, is used as an alternative option in treatment.
However, it was shown to also induce rare immune-related ad-
verse events (irAEs) in multiple organs [1, 2], which have been re-
ported in limited cases.
Methods
Here we report a case of possible pembrolizumab induced myasthe-
nia gravis (MG), hepatitis and thyroiditis.
Results
A 60-year-old female with metastatic thymoma on her second
cycle of pembrolizumab presented with worsening SOB for two
weeks, left ptosis, limited extra-ocular movement, lower bifacial,
upper and lower extremity weakness. She was thought to have
either pembrolizumab induced MG or unmasking of occult thym-
oma related MG, supported by elevated acetylcholine receptor
binding antibodies. She was treated with pyridostigmine, IVIG,
and plasmapheresis. On labs, TSH was found to be increased and
free T4 decreased. Considering her normal thyroid functions be-
fore immunotherapy and the rapid development of hyperthyroid-
ism within 2 weeks after the second cycle, pembrolizumab
induced thyroiditis was suspected.In addition, she had gradually
increasing Alk-P, AST, ALT and total bilirubin. Liver biopsy demon-
strated marked portal and lobular T-cell infiltration with bile duct
injury, consistent with immune modulator drug effect. She was
treated with steroids and Cellcept with improvement in her LFTs.
However, she developed septic shock and died.
Conclusions
This is a patient with stage IV thymoma on pembrolizumab who
developed multiple irAEs. It is important to have a high clinical
suspicion of such irAEs, and not only to discontinue the culprit
PD-1 inhibitor but also to start early treatment for each involved
organ. Since pembrolizumab is not a standard treatment of stage
IV thymoma, there are only few reports of irAEs in thymoma. We
do not know if pembrolizumab induced a new onset MG or exac-
erbated underlying MG. It is also unclear if simultaneous develop-
ment of MG, hepatitis and thyroiditis is only unique in thymoma.
Further investigation of irAEs in thymoma patients on pembroli-
zumab is therefore warranted.
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Background
The anti-cancer effect of bacteria has a long history. According to
Bierman et al., spontaneous remission of cancer has been observed
in patients with severe bacteremia[1]. The reason was not revealed
at that time, but we studied that in breast cancer. There are four
main ways in which microbiota affects cancer: probiotics, prebiotics,
drugs that target microbial enzymes and microbial products that
have anticancer properties[2]. Among them, bacterial extracellular
vesicles(EVs) are one of microbial products. In this study, we investi-
gated the effects of bacterial EVs on the growth of breast cancer cells
and tamoxifen efficacy.
Methods
Here, we analized microbiota of urine samples by NGS to select the
target EVs that were expected to affect the growth of breast cancer
cells. A total of 347 female urine samples – from 127 breast cancer
patients (cancer group) and 220 normal individuals (control group) –
were collected and analyzed by NGS using a universal bacterial pri-
mer of 16S rDNA. Human breast cancer cells were cultured, and the
cells were treated with EVs of S. aureus and K.pneumoniae for 72 h.
Real-time polymerase chain reaction (PCR) and Western blotting for
signalling molecule analysis were performed after treatment of EVs
in each breast cancer cell.
Results
There was a significant difference in the distribution of bacterial EVs be-
tween the urine samples from breast cancer patients and from normal
controls. Especially, S.aureus EVs were predominant in the normal group,
and K.pneumoniae was abundant in the breast cancer group. Therefore,
we selected these two bacterial EVs that may have an effect on breast
cancer cell growth. We found that S.aureus and K.pneumoniae EVs
down-regulated cell growth in MDA-MB-231 cells. We also found that
S.aureus or K.pneumoniae EVs had a synergic effect on growth inhibition
of while co-treated with tamoxifen. S.aureus EVs down-regulated mRNA
expression of cyclin E2 and up- regulated that of TNF-alpha which was re-
lated ERK pathway while co-treated with tamoxifen.
Conclusions
The anti-cancer effect of S.aureus and K.pneumoniae was initiated by
its bacterial EVs and consequently inhibited the growth of breast
cancer cells in triple negative breast cancer cells and improved the
efficacy of tamoxifen in ER-positive cells. In the near future, we plan
to conduct animal studies which are expected to further clarify the
effect of bacterial EV on breast cancer.
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Background
While recent studies have shown an important role of the micro-
biome in modulating anti-tumor immune responses, its mechanism
remains unclear. One proposed mechanism is due to cross-reactivity
between antigens expressed in commensal bacteria and neoepitopes
found in tumors. We have identified a cross-reactive antigen
expressed in commensal bacteria Bifidobacterium (Bifido) “SVYR-
YYGL” (henceforth called SVY) and show that it conveys a
neoantigen-specific cross-reactivity to the classic neoantigen “SIY.”
Methods
The SVY-specific response was analyzed through biophysical experi-
ments and molecular dynamics simulations to determine antigen
processing and MHC binding. T cell expansion studies from SIY and
SVY T cell populations along with cross specificity studies reveals the
cross-reactive T cell populations. B6 mice housed from Jackson, Bifido
colonized mice, and Taconic, Bifido lacking, mice were used for
examine Bifido colonization on T cell expansion. Sorting cross-
reactive T cell populations from Bifido positive or negative mice
based on antigen specificity and T cell receptor (TCR) beta sequen-
cing allows to examine the effect of colonization on TCR repertoire
composition. Finally the anti-tumor activity of the commensal bac-
teria population against the cross- reactive tumor antigen was tested
by adoptive transfer studies with B16-SIY melanoma model.
Results
The SVY-specific response results from SVY peptide binding the H2-
Kb MHC and can be processed from whole bacteria. The commensal
bacteria SVY-specific T cells population has a cross-reactive SIY-
specific T cell response and can recognize tumors expressing the
“SIY” antigen. Mice lacking Bifido have a decreased SVY-specific T cell
response and an altered (TCR) repertoire compared to Bifido. colo-
nized animals. Bifido. colonization not only shapes the SVY-specific
TCR repertoire but selects for clones that are represented in the SIY
TCR repertoire. Cross- reactive SVY-specific T cells recognize tumors
bearing SIY in vivo in an adoptive T cell transfer model of murine
melanoma and leads to decreased tumor growth and extended
survival.
Conclusions
Our work demonstrates that commensal bacteria can directly stimu-
late anti-tumor immune responses via T cell cross-reactivity and pro-
vides a proof of principle for how bacterial antigens can shape the T-
cell landscape.
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Background
Recent studies in humans and experiments in mouse models demon-
strated the key role of the gut microbiota in modulating the tumor
response to check point blockade immunotherapy. One study
showed an association between negative outcome using CTLA-4
blockade therapy and the absence of a specific gut microbiome. So,
the gut microbiota has emerged as a promising biomarker to assess
the efficacy of immune-modulatory drugs. Next generation sequen-
cing of the 16S rRNA Gene is widely used as standard for under-
standing the composition of the gut microbiome.
Methods
The AmpliSeq pan-Bacterial Research panel that contains 24 primer
pairs targeting the 16S rRNA gene provides a cost-effective approach
to identify the bacterial species present in the sample. Due to highly
homologous nature of 16S sequences, it is challenging to correctly
identify organisms at the Genus/Species level using short reads. We
have developed a new algorithm that can identify all the organisms
in the 16S database at Genus level and a majority at Species level.
For every sequence in the database, we construct a coverage pattern
using the aligned reads across the multiple amplicons. By matching
the observed pattern per sequence with an expected pattern that is
pre-computed we can identify the organisms present in the sample.
The algorithm reports the identified microbes with Genus/Species
level taxonomic classifications and the relative abundance of the or-
ganisms in the sample.
Results
We sequenced DNA from 12 fecal samples with the assay using Ion
GeneStudio S5 System and detected the 25 frequently observed
Genera across all the samples including Bifidobacterium, Lactobacil-
lus, Clostridium, Ruminococcus and Bacteroides etc. We sequenced a
metagenomics mock community sample comprising of 20 different
strains and identified all the 20 species including few organisms rele-
vant to cancer microbiome studies like H.pylori, E.Faecalis, B.vulgatus
etc. We did an in-silico analysis using the primers in the assay and
demonstrated that using the assay we can identify the frequent bac-
terial microbes in Gut microbiome resolved to Genus and/or Species
level.
Conclusions
The AmpliSeq Pan-Bacterial Research panel with the described Bio-
informatics pipeline will enable usage of 16s rRNA sequencing to as-
sess the Gut microbiome as a biomarker for immunotherapy.
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Background
The gut microbiome has been shown to have profound influences on
host and anti-tumor immunity, and pre-clinical studies suggest that gut
microbiota may be modulated to enhance responses to immune check-
point blockade [1-4]. Recent studies demonstrate differences in the gut
microbiome of responders (Rs) versus non-responders (NRs) to anti-PD-
1 therapy in patients [5-8], with identification of a microbiome signa-
ture associated with a 100% response rate (Type-1 signature) [5].
Several clinical trials are in development/underway that aim to modu-
late the microbiome to augment responses to immune checkpoint
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blockade. These are, in part, based on foundational evidence that treat-
ment with fecal microbiota transplant (FMT) from healthy donors is as-
sociated with clinical responses in other diseases (C. difficile infection
and inflammatory bowel disease, CDI and IBD)[9]; however, the optimal
donors for FMT to enhance responses to immune checkpoint blockade
remain incompletely understood.
Methods
To address this critical question, we performed profiling of the gut
microbiota (via 16s and metagenomic sequencing) in a cohort of pa-
tients with complete responses (CRs) to anti-PD-1 therapy (n=11) versus
healthy controls10 (n=116). Importantly, immune profiling was also per-
formed in available baseline tumor biopsies from CRs. Diversity (inverse
Simpson) and composition of the gut microbiota was assessed in each
of these cohorts, and FMT of selected CR donors versus a known NR
(n=3 and 1, respectively) was then performed into gnotobiotic mice
and melanoma tumors were implanted. Mice were then treated with
immune checkpoint blockade. Tumor outgrowth was assessed and lon-
gitudinal microbiome analyses and immune profiling of tumor and the
periphery in FMT- treated mice were also performed.
Results
Characterization of gut microbiota revealed wide variation in the diver-
sity and composition of the gut microbiota, with preliminary work dem-
onstrating a trend towards higher diversity in CR donors versus healthy
controls (p=0.2); validation in a larger cohort of CRs is ongoing. Interest-
ingly, not all CRs demonstrated a Type-1-like signature (with higher rela-
tive abundance of Clostridiales versus Bacteroidales) (27%, n=3/11) nor
did healthy controls 28% (n=33/116). This has critical implications for
FMT donor selection in immune checkpoint blockade trials (versus those
for CDI or IBD). Murine studies demonstrated reduced tumor growth in
CR-FMT mice vs. NR-FMT mice, with variability noted between donors.
Immune profiling in available patient tumor samples and in murine stud-
ies and comparisons to gut microbiota are currently being performed.
Conclusions
Together, these studies provide important information about poten-
tial donor selection in FMT trials in immunotherapy, warranting add-
itional studies and translational research.
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Background
Pre-clinical evidence in mice suggests that antibiotics induced dys-
biosis can negatively influence efficacy of immune check-point inhib-
itors (ICI). The effects of antibiotic use on clinical outcomes of ICI are
limited and has yielded inconsistent results. We evaluated whether
antibiotic use impacts efficacy of PD-1 inhibitors in patients with ad-
vanced non-small-cell lung cancer (NSCLC)
Methods
We retrospectively reviewed clinical outcomes of advanced NSCLC
patients treated with nivolumab or pembrolizumab at our institution
between 5/2015 to 5/2018. Patients who received antibiotics 3
months prior to initiating ICI were considered to be in the Antibiotic
exposure (ATB+) group. The remainder of patients were included in
antibiotic naïve (ATB-) group. The primary outcome was clinical bene-
fit rate (CBR) defined as proportion of patients with complete re-
sponse (CR), partial response (PR) or stable disease (SD) per RECIST
1.1 among patients eligible for response assessment. Secondary out-
comes of interest included progression-free survival (PFS) and overall
survival (OS) across the entire patient population. Logistic regression
and Cox proportional hazards model were used to compare out-
comes between ATB+ and ATB- groups.
Results
111 patients were included in the analysis. The median age was 66
years (range 36-87 years). The majority of patients were female
(55%), Caucasian (94%) and had adenocarcinoma (61%) histology.
Most patients received Nivolumab (91%) in the second or subse-
quent line. 30% patients had brain metastasis prior to receiving ICI.
44 (39%) patients received antibiotics up to 3 months prior to ICI ini-
tiation, most received fluoroquinolones for respiratory infections. 96
patients were eligible for response assessment (>3 doses before re-
staging). Antibiotics exposure did not impact CBR, 63% in ATB+ and
53% in ATB- group (OR=1.5; p=0.36). Similarly, no statistically signifi-
cant difference was seen in median PFS and OS between the two
groups (PFS 4.1 months vs 2.8 months, p=0.66 and OS of 12 months
vs 10 months, p=0.4 in ATB+ and ATB- group respectively). HR for as-
sociation of antibiotic use with PFS and OS was 0.8 (p=0.36) and 0.8
(p=0.25) respectively. No significant difference was noted when con-
trolling for age, sex, ECOG status, prior lines of therapy, brain metas-
tasis and steroid use.
Conclusions
To our knowledge, this is the largest study showing clinical outcomes
are not affected by prior antibiotic use in NSCLC patients receiving
ICI. While our study has limitations, more studies are needed to es-
tablish an association. Data analysis of more patients is currently un-
derway that will be reported in the final analysis prior to meeting.
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Background
Clinical data suggests the gut microbiome influences response to
checkpoint inhibitor therapy however the precise identity and
mode of action of commensals associated with clinical response
has not been elucidated. We report the generation of a consor-
tium of human gut derived commensals capable of inducing CD8
T cells and augmenting anti- cancer immunity.
Methods
The microbiota of healthy humans was used to inoculate germ-free
mice and assess the level of CD8 T cell induction. Human derived com-
mensals were isolated from inoculated mice exhibiting high levels of
CD8 T cell induction and sequenced. Consortia consisting of isolated
human commensals were tested for the ability to induce CD8 T cells in
germ-free and SPF mice. A minimal consortium capable of inducing
CD8 T cells was administered with checkpoint inhibitor antibodies to
tumor-bearing mice to assess anti-cancer activity and the level of accu-
mulation of tumor infiltrating lymphocytes.
Results
Interferon-gamma producing CD8 T are abundant in the intestines of
SPF but not germ-free mice. A consortium of human-derived com-
mensals dubbed VE800 which robustly induces CD8 T cells in germ-
free mice was identified.
VE800 administration promotes activation of intestinal dendritic
cells and stimulation of interferon-gamma producing CD8 T cells
is dependent on the transcription factor BATF3. Comparative
gene pathway analysis revealed several of the VE800 strains are
related to strains associated with favorable clinical response in
metastatic melanoma patients treated with immunotherapy. Ad-
ministration of the VE800 cocktail with anti-CTLA4 enhanced anti-
tumor activity and survival in the MC38 tumor model. VE800 also
enhanced the anti-tumor activity of anti-PD1 in the MC38 and B-
raf Pten melanoma tumor models. VE800 treatment alone is suffi-
cient to enhance the level of tumor infiltrating CD8 T cells in the
MC38 model to a level comparable to anti-PD1 alone however
the combination of VE800 and anti-PD1 promoted the highest
level of tumor infiltrating CD8 T cells in the MC38 model as well
as in the more aggressive B-raf Pten model. VE800 administration
promoted enhanced accumulation of interferon- gamma produ-
cing CD8 T cells in the spleens of tumor-bearing mice indicating
the consortium promotes systemic cellular immune cell activation.
Conclusions
A rationally-designed consortium of human gut-derived com-
mensals induces CD8 T cells in vivo and potentiates anti-cancer
immunity when administered with checkpoint inhibitors. Given
the consortium can be produced via cGMP manufacturing and
administered orally on a repeated basis, VE800 constitutes a
safe agent for alteration of the microbiome of cancer patients
to enhance anti-cancer immunity.
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Background
Analysis of the gut microbiome composition is becoming in-
creasingly important given its influence on a wide variety of
human diseases including cancer. Numerous studies have indi-
cated that the gut microbiome can influence cancer susceptibil-
ity, tumorigenesis and cancer progression at least in part
through its profound impact on the immune cell function and
its inherent metabolic capacity. Emerging evidence suggest that
gut microbiome can be manipulated for improving the effects
of cancer therapies. Microbiome composition and relative abun-
dance of different microbial taxa can be measured by combin-
ing DNA sequencing of hypervariable regions of the 16S
ribosomal RNA gene or a whole‐genome shotgun sequencing
with computational analysis. The scientific and clinical utility of
microbial analysis by NGS strongly depends on the accuracy
and precision of identifying and quantitating the microbial taxa.
Here we report on the development and validation of a new
assay and bioinformatics analysis pipeline for accurate taxo-
nomic classification of complex microbial samples such as stool
using 16S rRNA sequencing.
Methods
DNA isolation from stool was performed using a validated MoBio
Power Soil method. Illumina 16S rRNA targeted sequencing was per-
formed using custom PCR amplification primers for the bacterial 16S
V3 and V4 regions and a 2x300 bp paired-end strategy. A bioinfor-
matic sequence alignment and classification pipeline was developed
to enable accurate taxonomic identification of constituent bacteria
based on genetic differences in the hypervariable regions of the 16S
rRNA gene. Output includes taxonomic classification and relative
abundance of the identified taxa.
Results
Assay analytical performance was determined using admixtures
of 4 bacterial strains, at varying levels, into human reference
DNA. Correct bacterial species present at or above 0.01% rela-
tive abundance were detected with >99.9% accuracy and 100%
detection sensitivity. Clinical feasibility with human stool sam-
ples is ongoing. In addition, feasibility of recovering microbial
communities from formalin-fixed paraffin-embedded (FFPE)
tumor tissues was demonstrated using short amplicon/ multiple
primer Ion Torrent 16S rRNA sequencing method. Composition
and structure of the recovered microbial communities were af-
fected by the FFPE preparation methods, highlighting the need
for standardization of the pre-processing procedures.
Conclusions
Analytically validated 16S rRNA sequencing assay, with our computa-
tional pipeline, offers an option for accurate identification and classifica-
tion of constituent microbiome components from complex mixtures at
a lower coverage and cost option than would be required for shotgun
metagenomic approaches. In addition, analysis of microbial communi-
ties is feasible from the FFPE tumor tissue.
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Background
Histone deacetylases (HDAC) are recognized to perform diverse
functionalities beyond their conventional roles in remodeling the
chromatin landscape. These functionalities may range from regu-
lating the outcomes of cellular- health to local or systemic
immune-diseases including autoimmunity and cancer, positioning
the HDAC inhibitors (HDACi) at a crucial junction of immunother-
apy. The excessive toxicity and variability among broad-spectrum
HDACi have led to the development of more selective inhibitors,
which helped to understand the individual roles of HDACs in
shaping anti-tumor immune responses. One such member HDAC6
is reported to promote the pro- tumorigenic STAT3 pathway. By
using ultra-selective HDAC6i, the downstream immune-
modulatory pathways of STAT3, e.g. co-stimulatory pathways of
PD-L1, PD-L2 and B7-H4 could be targeted. HDAC6 has been also
involved in a number of structural functions related to cellular
motility, shape and intracellular transport through the regulation
of the acetylation of numerous targets, including tubulin and cor-
tactin. This function is strongly suggestive of HDAC6 being a key
player in metastatic cancer progression. We further hypothesize
that by means of modulating PDL1 pathway, the TME and cyto-
skeletal molecules, HDAC6i may enhance the efficacy of anti-PD1
therapy in Triple Megative Breast Cancer (TNBC).
Methods
4T1 was used as a model for murine TNBC implanted orthotopi-
cally. Both in vitro and in vivo methods were used to investigate
the HDAC6i NexturastatA, with or without combining with anti-
PD1 antibody in vivo.
Results
NexturastatA was able to reduce primary tumor growth, as well
as inhibit tumor invasion and modify the expression of EMT-
specific gene signature, even in presence of metastasis-promoting
cytokine IL6. Additionally, the size and number of secondary
tumor nodules in the lungs were significantly diminished after
the HDAC6i treatment. NexturastatA was also able to inhibit anti-
PD1 antibody mediated enhancement in PDL1 expression in vitro,
suggesting the utility of combining it with checkpoint inhibitor
in vivo. While both anti-PD1 and CTLA4 treatments showed cer-
tain degrees of success in reducing tumor growth, we demon-
strated that in a pre-treatment setting, HDAC6i improves anti-
tumor responses when combined with anti-PD1. This was mea-
sured in terms of the primary and secondary tumor growth, com-
position of infiltrating immune cells in the primary tumor, EMT
gene signature, and expression of co-stimulatory molecules as
well as intra-tumoral interferon gamma expression, indicative of
intra-tumoral effector T cell functionality.
Conclusions
NexturastatA alone and in combination with anti-PD1 antibody was
able to modify some of the critical features of invasion and metas-
tasis as well as properties of tumor microenvironment in TNBC.
Ethics Approval
The study containing animals was approved by the IACUC of the
George Washington University under protocol number A385.
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Background
Immune checkpoint blockade results in durable clinical re-
sponses in only a fraction of treated patients. There is a grow-
ing awareness that for immune checkpoint inhibitors to be
effective, sufficient tumor infiltration by effector T cells is an
absolute requirement. However, a crippled myeloid compart-
ment in the tumor microenvironment (TME) will stand in the
way of T cell activation and recruitment, due to the absence of
properly developed and activated dendritic cells (DC), which, as
a result, won’t be able to cross-prime antitumor cytotoxic ef-
fector T cells and will fail to attract an effector T cell infiltrate
through the release of key chemokines. It is therefore vital to
develop methodologies to normalize DC differentiation and acti-
vation in the melanoma TME.
Methods
N/A
Results
We have recently uncovered a key role for GSK3β, a known re-
pressor of Wnt signaling, in the control of DC maturation, both
at the level of melanoma cells and at the level of DC and their
precursors. Employing lysates from IL-10 modulated DC precur-
sors on a peptide kinase substrate microarray, we identified pu-
tative signaling networks at play in melanoma-associated DC
suppression. GSK3β came out on top of a list of modulated ki-
nases and STRING network analysis revealed links to JAK/STAT,
MAPK and Wnt signaling pathways, all previously implicated in
cancer-mediated immune suppression. Using melanoma cell line
supernatants and co-cultures (employing a set of 5 melanoma
cell lines encompassing various oncogenic mutations, including
BRAFv600, PTEN, and NRAS), we found that enforced overex-
pression of constitutively active GKS3β (CA.GSK3β) rendered DC
differentiation and maturation refractory to the suppressive ef-
fects of melanoma, which appeared to involve both soluble me-
diators and cell-cell contact. This immune stimulatory effect was
accompanied by decreased levels of both phosphorylated and
non-phosphorylated β-Catenin in tumor cells, consistent with its
reported degradation by activated GSK3β. Of note, virally
enforced over-expression of CA.GSK3β in melanoma cells also
reduced their DC- suppressive effects and at later time points
reduced their proliferative ability and viability. As ex-vivo proof
of concept of the therapeutic modulation of GKS3β in the mel-
anoma TME, single-cell suspensions from melanoma metastases
(n=4) were transduced with CA.GSK3β. As a result, we observed
activation of DC subsets and of infiltrating T cells, reduced IL-
10 levels, and specific tumor cell lysis.
Conclusions
We conclude that activation of GSK3β in the melanoma TME
may simultaneously induce oncolysis and alleviate DC immune
suppression, thereby enabling T cell activation and effective im-
mune checkpoint blockade.
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Background
Non-Small Cell Lung Cancer (NSCLC) is the leading cause of cancer-
related death worldwide and is usually diagnosed in an already locally
or systemically advanced state. Depending on the stage of the tumor,
surgical therapy is limited and systemic therapy required. Recent devel-
opments with targeted therapies and immune checkpoint blockade re-
sulted in improved survival for a limited number of patients but the
magnitude of patients will still progress. The transforming growth fac-
tor beta signaling pathway (TGFβ) is frequently activated in lung can-
cer, involved in malignant progression and a possible target for therapy
[1]. TGFβ signaling is known to inhibit immune responses, immune cell
proliferation and to dampen effector functions in various immune cells
[2]. Therefore we set out to investigate the activation of the TGFβ sig-
naling pathway in different immune cell populations in human lung
cancer to better define the cells that are affected by TGFβ.
Methods
Multiplexed immuno-fluorescence staining and multi-spectral im-
aging was used to investigate a cohort of > 200 early stage NSCLC
specimens assembled on TMAs for activation of the TGFB signaling
pathway by targeting phosphorylated SMAD3 and different immune
cell markers. Image analyses were conducted to analyze spatial rela-
tionships and local abundances in the tumor as well as stroma in tis-
sue samples from the tumor center or margin
Results
Overall, a significantly increased number of CD3, proliferating CD3 (p
<0.001) and CD3-phospho SMAD3 (p <0.05) cells were observed in
the stroma compared to tumor tissues, however the overall percent-
age of CD3pS3 remained unaltered between tumor and stroma, sug-
gesting an equal impact on both compartments. In addition,
adenocarcinomas exhibited a significantly increased abundance of
CD3 in the tumor and stroma in both, the invasive margin or the
central region of the tumor compared to squamous cell carcinomas.
Conclusions
Using multi-parameter tissue analyses to investigate the abundance
of specific immune cell populations and pathway activation in the
tumor-microenvironment of lung cancer tissues enables detailed ana-
lysis of immune signaling phenotypes. Somewhat surprisingly, these
studies suggest that TGFβ impacts an equal percentage of CD3 T
cells in both the stroma and tumor center.
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Background
Chemerin (RARRES2) is an endogenous innate leukocyte chemo-
attractant previously shown to recruit immune cells via its re-
ceptor CMKLR1 into the tumor microenvironment and thereby
suppresses tumor growth. RARRES2 has been shown to be
downregulated in many tumor types, suggesting a mechanism
of immune escape. The loss of the key tumor suppressor PTEN
has been shown to promote resistance to T cell-mediated im-
munotherapy and correlates with decreased T cell tumor infil-
tration in humans, while restored PTEN functions to repress PD-
L1 expression. Importantly, chemerin was recently shown to
suppress metastatic hepatocellular carcinoma in a mouse model
by upregulating the expression and activity of PTEN. Here, we
evaluate the effects of chemerin on human tumor lines in vitro
and elucidate its relationship with tumor PD-L1 expression and
response to T cell anti-tumor immunity.
Methods
We utilized human tumor cell lines in vitro and exposed them
to exogenous recombinant human chemerin. PTEN and PD-L1
expression in tumor lines was evaluated by RT-qPCR, flow cy-
tometry, and/or western blot analysis. In vitro matrigel invasion
assays were performed to investigate the impact of chemerin
exposure on tumor intrinsic activity. T cell-mediated cytotoxicity
assays explored the downstream effect of chemerin-mediated
PD-L1 modulation. Knockdown of CMKLR1, PTEN or PD-L1 using
siRNA was performed to demonstrate their mechanistic role in
the chemerin-PTEN-PDL1 pathway.
Results
We show that recombinant chemerin significantly upregulates
PTEN expression in multiple tumor cell lines. Concomitantly,
chemerin exposure significantly decreased PD-L1 expression in
DU145 tumor cells (Figure 1). Consistent with these data, che-
merin treatment results in attenuated tumor cell migration/inva-
sion and increased T cell mediated cytotoxicity in DU145 cells
(Figures 2 and 3, respectively). Using siRNA, we found that
CMKLR1 knockdown diminished the modulated PTEN activity
and PD-L1 expression levels. Similarly, CMKLR1 knockdown com-
pletely mitigated chemerin’s effect on tumor invasion and T cell
mediated cytotoxicity, suggesting the functional significance of
the chemerin/PTEN/PD-L1 axis in human tumor cells. Import-
antly, T cell cytotoxicity assays showed chemerin-mediated in-
creases were comparable to direct knockdown of PD-L1 and an
anti-PD-L1 antibody (atezolizumab) (Figure 4).
Conclusions
Here, we characterize for the first time a novel chemerin-PTEN-
PDL1 interaction in human tumor cells. We have shown treat-
ment with exogenous chemerin, through induction of PTEN,
significantly reduces tumor migration and increases T cell me-
diated cytotoxicity via its impact on tumor PD-L1 expression.
Ongoing experiments are focused on in vivo mechanisms of
action and will serve as the basis for translational studies.

https://doi.org/10.1158/0008-5472.CAN-15-1326.


Fig. 1 (abstract P579). Chemerin upregulates PTEN decreases PD-L1
via CMKLR1

Fig. 2 (abstract P579). Chemerin diminishes tumor cell invasion
via CMKLR1

Fig. 3 (abstract P579). Cytotoxicity increased chemerin-treated
tumor cells

Fig. 4 (abstract P579). Chemerin treatment comp PD-L1 siRNA
& atezolizumab
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Background
Immunotherapy promises to revolutionise cancer treatment. ‘Hot’ tu-
mors are responsive to immune checkpoint blockade that ‘releases
the breaks’ of immune system to target tumor cells. High mutation/
neoantigen burden with active tumor microenvironment markers
predicts response to immunotherapy in tumors associated with UV
damage in melanoma and microsatellite instability in colorectal can-
cer (CRC). However ‘cold’ tumours remain a major research challenge
as they exist in an immune suppressed environment. In this study,
we investigated the immune escape mechanism of microsatellite
stable primary CRC and matched liver metastasis samples.
Methods
Whole genome sequencing and RNA sequencing of 15 matched pri-
mary CRC and matched liver metastases patients was performed.
DNA and RNA Sequence analysis was performed using previously de-
scribed methods [1] [2]. Four digit HLA class I allele types were deter-
mined by Polysolver [3] and Optitype [4] and loss of heterozygosity
in the HLA loci was identified from tumor and normal samples using
LOHHLA [5]. The pVAC-Seq neoantigen prediction framework [6] was
applied to identify the neoantigens using NetMHCpan algorithm. De-
convolution of Immune cells were estimated using CIBERSORT [7]
and TCR repertoire diversity predicted through MixCR [8] approach in
all paired samples.
Results
Frequently shared neoantigens with IC50<500nM were identified in
both primary tumor and liver metastasis but did not identify any mu-
tations in antigen processing machinery genes. HLA allele specific
loss of heterozygosity occurs in the majority of primary and meta-
static samples whereas one metastatic sample showed inconsistency
in HLA genotype from germline and primary tumor. The tumor
micro-environment is dominated by lymphocytes in the primary
tumor and macrophages in liver metastasis. TCR repertoire diversity
found to be decreased at metastatic stage in few patients.
Conclusions
We found several potential immune escape mechanisms in these
cold tumors. This included loss of heterozygosity of the HLA alleles
which may lead to a decreased ability to present strong binding
neoantigens to the tumor cell surface and so fail to activate immune
system. Another mechanism is the loss in TCR diversity in a 10 pa-
tients which may result in the T cells being unable to recognise the
diverse neoantigens present. In addition the tumor micro-
environment in the metastases has become immunologically quiet
with enrichment of macrophages and depletion of lymphocytes com-
pared to the primary tumor micro-environment. Our findings high-
light the mechanisms that may predict response to immunotherapies
and also those that can be targeted in the future in order to convert
cold tumours into hot tumours.
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Background
Next-generation sequencing analysis of archival formalin-fixed,
paraffin-embedded (FFPE) tumor samples has the potential to lead
to significant insights in immuno-oncology when analyzed with
their accompanying rich phenotypic and pathologic data. Analysis
of tumor mutation burden (TMB) using FFPE tissues has previously
been restricted to estimates from exome or gene panel sequencing
approaches, which provide narrow views of mutation burden. Ana-
lysis of whole-genome sequencing (WGS) data derived from FFPE
samples has been limited due to challenges in isolating quality
DNA from these samples and the ability to distinguish true variant
calls from artifacts. Despite these challenges, WGS approaches are
optimal when applied to quality tumor specimens as they provide
whole-genome coverage of all regions including untranslated re-
gions, regulatory regions, human leukocyte antigen (HLA) loci, and
microsatellite regions allowing complete microsatellite instability
(MSI) analysis, direct TMB calculations, and overall higher quality
data for neoantigen prediction.
Methods
We have developed an efficient DNA extraction method (SeqPlus)
that produces abundant quantities of high-quality DNA and per-
mits robust WGS sequencing of FFPE samples. This method add-
itionally provides improved depth and evenness of coverage for
WES sequencing. SeqPlus was used to sequence primary and re-
lapsed tumor FFPE samples from several different cancer types to
perform MSI, TMB, and related analyses. Using the same tissue, we
also measured mRNA expression by RNA-Seq and DNA methyla-
tion by array analysis.
Results
Similar to previous studies, we found that, for the majority of sam-
ples, low MSI status and low TMB correlate. We also found that, while
high MSI and elevated TMB often correlate, samples with high TMB
with a low or stable MSI status are more common. A majority of sam-
ples without MMR mutations have alterations in one or more genes
in other DNA repair pathways. Further analysis will examine correla-
tions between repair gene expression and mutation burden status to
investigate discrepancies e.g., samples with elevated TMB and high
MSI without MMR mutations. The impact of MSI and the TMB status



Fig. 1 (abstract P582). Activated CD8 T-cell infiltration by ARID1A
expression in NSCLC samples from TCGA^

Fig. 2 (abstract P582). mRNA expression of CD274 (PD-L1) by
ARID1A expression in NSCLC samples from TCGA+
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on DNA methylation will also be examined for key genes in a global
measure of genome disruption in samples
Conclusions
Our data demonstrate the feasibility of using WGS of FFPE samples
to enable patient selection strategies for immune checkpoint inhibi-
tor therapies. Our approach may be useful in standard clinical care or
trials in the future and facilitate retrospective analysis of archival
FFPE cancer tissues. This method will enhance our understanding of
genomic features that respond to immuno-oncology, targeted, or
conventional therapies.
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Background
AT-rich interactive domain-containing gene 1A (ARID1A) is the most
frequently mutated gene in the SWI/SNF chromatin remodeling fam-
ily [1, 2], involved in transcription regulation and DNA repair. Loss of
function of ARID1A is associated with disruption of mismatch repair
[2] and poor prognosis in many solid tumors, especially gastrointes-
tinal [3,4] and gynecological cancers [5]. Due to its tumor suppressor
nature, it was believed to be a poor therapeutic target [2]. Recently,
ARID1A deficiency was shown to be associated with increased CD8 T-
cell infiltration and expression of programmed death-ligand 1 (PD-
L1) in ovarian cancer [2], implying the potential of ARID1A as a pre-
dictor of response to immune checkpoint inhibitors (ICIs). Since the
role of ARID1A has not been explored in NSCLC, we investigated how
ARID1A deficiency affected tumor microenvironment and immune
landscape in these patients.
Methods
We obtained ARID1A mRNA levels for NSCLC samples [Adenocarcinoma
(ADC), n=517; Squamous cell carcinoma (SqCC), n= 501] from TCGA.
The data was arranged into 4 quartiles based on ARID1A expression de-
rived from mRNA-seq z-scores, defining the lowest quartile (Q1) as low
ARID1A and highest quartile (Q4) as high ARID1A. We examined how
ARID1A expression levels correlated with a) PD-L1 expression and b)
microsatellite analysis for normal-tumor instability (MANTIS) score [6].
We also evaluated tumor mutational burden (TMB), neoantigen burden
and immune landscape [7] among low and high quartiles.
Results
In both ADC and SqCC, analysis of immune landscape demonstrated
higher infiltration of activated CD8 T-cells in the low quartile (each
p<0.01, Figure 1). Lower ARID1A expression was associated with higher
PD-L1 expression in both ADC and SqCC (each p<0.05, Figure 2A and
2B). There was a significant difference in MANTIS score between the
low and high ARID1A quartiles in both ADC and SqCC (p<0.05, p<0.01
respectively). One sample in the low quartile of each ADC and SqCC
had microsatellite instability (MANTIS>0.4), while the rest of the samples
had MANTIS score in the microsatellite stable range. No correlation was
found between ARID1A expression and TMB or neoantigen burden.
Conclusions
In both lung ADC and SqCC, ARID1A deficiency appears to influence
the tumoral immune landscape. This suggests that ARID1A deficiency
could be harnessed to select patients who may derive benefit from
immunotherapy even in microsatellite stable NSCLC patients.
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Background
Head and neck squamous cell carcinoma (HNSCC) develops through
either exposure to environmental carcinogens (HPV— HNSCC), or
through malignant transformation following infection with human
papillomavirus (HPV+ HNSCC) [1]. Patients with HPV+ HNSCC have
longer overall survival compared to patients with HPV— HNSCC [2].
We hypothesize that these differences in etiology will contribute to a
spectrum of immune transcriptional signatures ranging from similar
to highly divergent between these two tumor microenvironments
(TMEs).
Methods
Paired peripheral blood mononuclear cells (PBMC) and tumor speci-
mens were obtained from immunotherapy treatment naïve HNSCC
patients. PBMC and normal tonsils were obtained from healthy do-
nors and patients undergoing tonsillectomy as treatment for sleep
apnea. Viable CD45+ cells were isolated by fluorescence based cell
sorting from PBMC, tumors, and tonsils. Single-cell RNA sequencing
(scRNAseq) libraries were generated using a 3’ droplet-based ap-
proach (10X Genomics). Filtered gene/barcode matrices were gener-
ated by CellRanger, and analysis was performed using the R
packages SCRAN (library size deconvolution), Seurat (clustering and
t- distributed stochastic neighbor embedding [tSNE]) and Destiny
(diffusion-based pseudotime modeling).
Results
Single-cell RNAseq analysis identified a total of 57,891 single cells
from 4 healthy donor PBMC, 2 tonsils, 6 paired PBMC and tumor infil-
trating leukocytes (TIL) from HPV— HNSCC patients, and 5 paired
PBMC/TIL from HPV+ HNSCC patients. Unbiased transcriptional ana-
lysis of TIL revealed that B cells and conventional CD4+ T cells
(Tconv) had the greatest transcriptional differences between HPV+
and HPV— disease, while CD4+ regulatory T cells (Treg) were the
most similar. B cells were more frequently detected in HPV+ versus
HPV— disease, and B cells found in HPV+ tumors had transcriptional
signatures consistent with germinal center B cells while those from
HPV— tumors had memory B cell signatures. Tconv cells from HPV—
HNSCC had type 1 helper signatures, while Tconv from HPV+ HNSCC
expressed predominantly a T follicular helper cell signature. CD8+ T
cells from HPV— HNSCC expressed higher levels of inhibitory recep-
tors and were more terminally differentiated by diffusion pseudotime
analysis. Treg cells from TIL expressed a signature associated with ef-
fector Treg cells, and this signature was consistent between HPV—
and HPV+ HNSCC.
Conclusions
The transcriptional landscape of immune cells in HPV— versus HPV+
HNSCC differs by cell type, with B cells and CD4+ Tconv being the
most divergent and CD4+ Treg the most consistent. These findings
suggest that different immunotherapies may be required to achieve
optimal clinical responses in these two types of HNSCC.
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Background
A T-cell rich tumor microenvironment has been associated with im-
proved clinical outcome and better response to immune checkpoint
blockade therapies in several adult cancers. Our group and others
have discovered mechanisms, such as β-catenin activation and PTEN
loss, that drive a lack of T cell infiltration in tumor. However, much
less is known about the tumor microenvironment in pediatric can-
cers, which harbor a lower tumor mutational burden (TMB) than
most adult cancers, as well as the molecular mechanisms responsible
for driving T cell exclusion in these patients. Thus, we analyzed
pediatric kidney cancer data from the Therapeutically Applicable Re-
search to Generate Effective Treatments (TARGET) database.
Methods
RNAseq, somatic mutations, and clinical data were obtained for Wilms
tumor (WT), rhabdoid tumor (RT), osteosarcoma (OS), and neuroblast-
oma (NBL) from TARGET, and adult kidney cancers from TCGA. After
normalization and log2-transformation, we used a 26-gene activated
CD8 T cell signature [1] and identified anti- correlated genes at Pear-
son’s correlation r<-0.20 and FDR-adjusted P<0.05. Differentially
expressed genes were detected by ANOVA at FDR-adjusted P<0.05 and
fold change >2.0. Association with progression-free survival (PFS) and
overall survival (OS) was assessed using Mantel-Cox test.
Results
Among the four pediatric cancers, we observed the lowest activated
CD8 scores in WT, only detected in tumor and not in matched nor-
mal. We identified 2,128 significant genes negatively correlated with
the score, 1,553 genes higher in WT compared to the adult kidney
cancers, and 1,952 genes higher in WT than matched normals. There
were 502 overlapping genes between these methods. Pathway ana-
lysis revealed the most activated pathways involve DNA repair. This
was validated in RT. We then calculated a DNA repair expression
score consisting of 4 genes (BRCA1, BRCA2, MSH2, MSH6). Within the
FHWT histology where > 90% of the patients progressed, higher
DNA repair score is associated with worse PFS (P=0.02), but not OS.
Conclusions
Our results showed that a higher DNA repair expression score is asso-
ciated with lower activated T cell gene expression in childhood kid-
ney cancers such as WT and RT, and is associated with worse
survival. While loss of DNA repair pathways has previously been asso-
ciated with increased neoantigens and greater response to check-
point blockade immunotherapy, our current data suggest that
upregulated DNA repair pathways may generate the opposite pheno-
type. Strategies targeting DNA repair pathways could be considered
as new therapeutic interventions to transform non-T cell-inflamed
pediatric tumors into clinically favorable tumors despite the low pres-
ence of somatic mutations.

References
1. Charoentong, Pornpimol, Finotello F, Angelova M, Mayer C, Efremova M,

Rieder D, Hackl H, Trajanoski Z. Pan-cancer immunogenomic analyses
reveal genotype-immunophenotype relationships and predictors of
response to checkpoint blockade. Cell Reports. 2017; 18:248–62.



Fig. 1 (abstract P586). See text for description

Journal for ImmunoTherapy of Cancer 2018, 6(Suppl 1):115 Page 316 of 398
P585
Structured literature review and meta-analyses of the prevalence
of microsatellite instability high (MSI-H) and deficient mismatch
repair (dMMR) in endometrial and ovarian cancers
Maria Lorenzi1, Mayur Amonkar, PhD2, Jacky Zhang1, Shivani Mehta1, Kai-
Li Liaw2

1Precision Xtract, Oakland, CA, USA; 2Merck and Co., Inc., North Wales,
PA, USA
Correspondence: Maria Lorenzi (maria.lorenzi@precisionxtract.com)
Journal for ImmunoTherapy of Cancer 2018, 6(Suppl 1):P585

Background
Pembrolizumab has been approved in the US for the treatment of
patients with unresectable or metastatic MSI- H/dMMR solid tumors
that have progressed after prior treatment. There is limited and in-
consistent data on the prevalence of MSI-H and dMMR across solid
tumors.
Methods
A structured literature review covering all solid tumor types identified
English language publications that used immunohistochemistry (IHC)
for all four MMR proteins or polymerase chain reaction (PCR) tech-
niques using specified NCI or Promega marker panels. MEDLINE,
EMBASE, Cochrane databases and key cancer congresses were
searched for relevant publications. Data were extracted on the study
population, sample size, MSI-H and dMMR prevalence. For this report,
we summarized the studies and performed meta-analysis (random
effects model) on the prevalence of MSI-H and dMMR among endo-
metrial and ovarian cancers. If sufficient data were available, preva-
lence estimates were also obtained by geography, disease stage, and
histology.
Results
Of 1,176 citations retrieved in the larger review across all tumor
types, 53 and 23 studies reported prevalence of MSI-H or dMMR in
endometrial and ovarian cancers, respectively. Among endometrial
cancers, MSI-H pooled prevalence (with 95% CI) from 27 studies
(6,813 patents) was estimated at 26% (23-29%) and dMMR pooled
prevalence from 26 studies (5,248 patients) was estimated at 25%
(22-28%). In ovarian cancers, MSI-H pooled prevalence from 17 stud-
ies (4,150 patients) was estimated at 11% (6-18%) and dMMR pooled
prevalence from 5 studies (356 patients) was estimated at 8% (6-
11%). Based on histology, the highest MSI-H pooled prevalence was
observed for endometrioid subtype for each tumor with 30% (25-
35%) based on 6 studies (1,204 patients) for endometrial cancers and
17% (25-35%) based on 3 studies (211 patients) for ovarian cancers.
In both cancer types, pooled prevalence was further explored by
geography and disease stage.
Conclusions
This comprehensive literature review provides pooled prevalence es-
timates of MSI-H and dMMR across two key gynecological tumors
based on published data. The pooled prevalence estimates of MSI-H
among endometrial and ovarian cancers were similar to the corre-
sponding pooled prevalence estimates for dMMR for these tumors.
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Background
Frameshift insertion-deletion (fsindel) was suggested as more im-
munogenic type of mutation associating with higher tumor-specific
neoantigens which also correlated with clinical outcome of immuno-
therapy in melanoma and renal cell carcinoma patients[1]. Our group
recently demonstrated that the presence of fsindel is also relevant in
NSCLC patients treated with PD-1/L1 inhibitors-based immune check-
point inhibitors (ICIs) independently from their Tumor Mutational
Burden (TMB) [2]. Also, we showed higher fsindel burden was associ-
ated with higher activated CD4 and CD8 T cell RNA signatures and
antigen presentation signature from The Cancer Genome Atlas
(TCGA) database. Yet, whether this favorable outcome association in
fsindel-present NSCLC patients is specifically for immunotherapy only
or other treatments is still unknown.
Methods
A retrospective analysis was performed from 122 advanced NSCLC
patients treated with ICIs from Northwestern University (N=62) and
the University of Miami (N=60). The presence or absence of fsindel
and tumor mutation burden (TMB) were determined from 324-gene
sequencing by FoundationOneTM (F1). Progression free survivals
(PFS) of fsindel-present and -absent patients during ICIs and during
their first-line chemotherapy (1L Chemo, n=89) were compared.
Results
Fsindel-present advanced NSCLC patients treated with ICIs had sig-
nificantly more favorable outcome with median PFS of 6.2 months
vs. 2.7 months (Hazard Ratio [HR], 0.59; 95% Confidence Interval [CI],
0.38 to 0.90 (Figure 1). Importantly, this finding was specific to ICIs
and there was no difference observed in 1L Chemo (HR, 1.02; 95% CI,
0.67 to 1.54 (Figure 2).
Conclusions
Fsindel may serve as a novel predictive biomarker strategy specific-
ally for immunotherapy independent of TMB, but not for chemother-
apy. Future prospective clinical data analysis and immune monitoring
assays may validate this hypothesis further. Further exploration on pan-
cancer landscape of TMB and fsindel is underway.
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Background
It has been proposed that cancers can be divided in opposite pheno-
types according to their immune orientation. This immune orienta-
tion influences response to therapy and clinical prognosis. The
previously described Immunologic Constant of Rejection (ICR) signa-
ture is used here to define two opposite immune phenotypes (i.e.,
immune-active and immune-silent) across 31 different histologies.
The relationship between tumor genetic makeup and immune orien-
tation only recently began to be elucidated. In this pan-cancer study,
we systematically analyzed the interconnection between tumoral
genetic programs and immune orientation, and the prognostic im-
pact of this interplay.
Methods
RNA-seq data of samples from a total of 9282 patients across 31 can-
cer types were obtained from TCGA. Additionally, RNA and DNA was
isolated from fresh frozen tissue samples of an internal cohort of 366
colon cancer patients from LUMC. Exome and RNA sequencing was
performed at Sidra. TCGA- and internal RNA-seq (HiSeq4000) data
were normalized. Exome sequencing for our internal cohort is cur-
rently ongoing. We performed unsupervised consensus clustering for
each cancer type separately based on the expression of the ICR gene
signature (Figure 1A-E)[2,3]. Oncogenic pathway gene set enrichment
and mutational status were analyzed in relation to ICR phenotypes.
To explore whether tumor intrinsic attributes associate with the
prognostic value of ICR across cancers, we compared mutational
load, oncogenic alterations and expression of oncogenic pathways
between cancer types.
Results
Our analysis identified a distinct prognostic connotation of ICR de-
pending on cancer type. We confirmed a positive impact of ICR gene
expression in our colon cancer cohort (Figure 1D). We identified sev-
eral oncogenic pathways whose enrichment inversely correlated with
ICR (Figure 2) in multiple tumor types. Such alterations include novel
pathways as well as pathways previously described to influence im-
mune disposition in specific tumor types. In addition, mutations in
specific genes were associated with ICR (Figure 3). Interestingly, we
found various pathways associated with cancer-cell intrinsic features
that were differentially enriched between tumors in which ICR had a
prognostic impact versus the ones in which ICR did not bear any
prognostic connotation.
Conclusions
We identified tumor-intrinsic attributes that correlated with immune
phenotypes and potentially influence their development. In addition,
a relation was observed between the enrichment of oncogenic path-
ways and the prognostic significance of the ICR. Such information
can be used to prioritize potential candidates for immunogenic con-
version and to refine stratification algorithms. A validation of the
TCGA results is ongoing through the analysis of the aforementioned
internal cohort.
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Background
Artificial intelligence is poised to revolutionize every aspect of human
life, finding applications in everything from self-driving cars to diag-
nosing cancer. In fact, almost any task that involves pattern recogni-
tion can be formulated in a way that modern AI algorithms can be
used to achieve super-human performance. The immune synapse is
a highly complex interaction between several proteins and peptides
that allows for a constant surveillance of foreign invaders. However,
modeling these interactions is extremely difficult as the combinations
of interactions is simply intractable. In immuno-oncology, the study
of this interaction is crucial as anti-tumor responses rely on sensitive
and specific recognition of tumor-specific antigens. Implications of
accurately predicting and modeling these interactions in immune-
oncology range from improved and potent vaccine design to bio-
markers for predicting response to immunotherapy.
Methods
Our group has developed a variety of deep learning models to
model the signal transmission within the immune synapse. At the
core of all architectures designed, convolutional layers, similar to
ones used to learn features in images, are used to learn motifs within
the sequencing data for a predictive or descriptive purpose.
Results
We first present AI-MHC, an applied deep convolutional neural net-
work for class-specific MHC binding algorithm that achieves state-of-
the-art performance in both Class and Class II predictions. By incorp-
orating ‘meaning’ of the allele within the network, we are able to
model the interaction of allele and peptide within the context of a
neural network (Figure 1)[1]. We take these concepts further in the
development of DeepMANA, a deep learning framework which com-
bines sequence-specific information about an allele/peptide pairing
to not only predict binding affinity for any allele with a known pro-
tein sequence but also provide an antigen ‘quality’ score, based on
the “non- self/foreign-ness” of a neoantigen. We observe in three
previously published immunotherapy clinical trials, these quality
neoantigens are enriched in long-term survivors or responders (Fig-
ure 2)[2]. Finally, we present DeepTCR, a collection of unsupervised
and supervised deep learning algorithms capable of revealing struc-
ture in T-cell receptor repertoire. We demonstrate that DeepTCR
achieves state-of-the-art performance in clustering antigen-specific
TCR’s (Figure 3A). and is capable of learning a predictive signature in
TIL repertoire of mice treated with various immunotherapies (Figure
3B)[3,4].
Conclusions
These types of AI technologies could yield an entire new area of bio-
marker discovery as well as improve our understanding of the com-
plex interaction occurring at the immune synapse that is ultimately
required for a successful anti-tumor response.
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Background
High tumor mutational burden (TMB) is associated with objective
clinical response to checkpoint blockade. We and others have shown
that in patients with high TMB, negatively-regulated T cells specific
for mutation-associated neoantigens are unleashed upon treatment
and may facilitate tumor regression [1-3]. However, some cancers
without high mutational burden do respond to anti-PD-1. Under-
standing the basis for these responses in the absence of high TMB
and, consequently, immunogenic neoantigens, will provide potential
biomarkers for therapeutic guidance and may provide insights into
improving immunotherapy outcomes in patients with low TMB.
Methods
Whole exome sequencing was performed on matched tumor/normal
tissue from patients receiving checkpoint blockade. The patients
spanned multiple tumor types. Putative neoantigens, including those
derived from oncogenic driver mutations, were selected for experi-
mental testing based on predicted MHC class I affinity and expres-
sion of the mutated gene as reported by TCGA. Neoantigen
recognition was evaluated using MANAFEST [4], followed by tracking
of neoantigen-specific T-cells in tumor and serial blood using quanti-
tative sequencing of the T cell receptor V-beta CDR3 (TCRseq). When
fresh tumor was available, TCRseq was performed on tumor infiltrat-
ing lymphocytes pre-sorted based on PD-1 expression.
Results
Three patients with low TMB tumors who derived durable clinical
benefit demonstrated broad endogenous neoantigen-specific T cell
responses. Two of these patients, one with NSCLC and one with a
neuroendocrine tumor, exhibited persistent memory T cell responses
to neoantigens derived from mutations in the oncogenic BRAF and
tumor-suppressor PTCH1 genes, respectively. Additionally, while not
considered low TMB, a patient with mismatch repair proficient CRC
demonstrated recognition of a neoantigen derived from the hotspot
AKT1 E17K mutation.
These neoantigens were validated using in vitro binding and stability
assays. Analyses of the peripheral dynamics of T-cell clonotypes
sorted by differential PD-1 expression are ongoing.
Conclusions
These findings suggest that oncogenic driver mutations are recog-
nized by T-cells more often than previously appreciated. Responses
to these neoantigens may be particularly efficacious in low TMB tu-
mors owing to the likelihood that oncogenic mutations are required
for tumor survival and are less likely to be eliminated. Sensitive bio-
assays, such as the MANAFEST assay used here, may identify patients
that would not otherwise be predicted to respond to checkpoint
blockade based on current biomarkers, such as high mutational bur-
den or mismatch repair status. In patients without endogenous T cell
recognition, identifying T cell clonotypes specific for these mutations
provides the foundation for vaccines or T cell therapies targeting
oncogene mutation-derived neoantigens.
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Background
The rise of cancer immunotherapy has led to increasing interest in
detecting the presence of immune cells in the tumor microenviron-
ment. Along with tumor mutation burden (TMB) and microsatellite
instability (MSI) status, recent studies have also demonstrated that
the level of immune cells in the tumor microenvironment correlates
with patient responsiveness to immunotherapy. Here, we present our
work demonstrating the feasibility of quantifying immune cells in
analytical titration samples and real dissociated tumors from bulk
RNA sequencing using an in- house developed immune cell decon-
volution algorithm (FRICTION).
Methods
Libraries were generated using Illumina’s TruSeq™ RNA Exome. The
samples were paired-end sequenced (2x75bp) using the Illumina
HiSeq™ 2500 Rapid Run mode. RNA purified from immune cells (CD4
+, CD8+, and CD19+ cells) were titrated into RNA from various tissue
backgrounds and subjected to RNA sequencing and FRICTION ana-
lysis. The fraction of immune cells present in cryopreserved dissoci-
ated melanoma tumors were quantified through flow cytometry or
RNA sequencing and analyzed with FRICTION.
Results
In preliminary testing, immune cell line titration experiments with
various percentages of immune cell mixtures added into different tis-
sue backgrounds demonstrated our method’s linearity in quantifying
these cells (median R2 > 0.98). The titration experiments were per-
formed by spiking in immune cell RNA into various tissues back-
ground at the RNA level. Then, we analyzed cryopreserved
dissociated melanoma tumors (n=38) with flow cytometry to deter-
mine the percentage of immune cells present and TruSeq™ RNA Ex-
ome for immune cell signatures by FRICTION. Our data demonstrated
that we can quantify the fractions of CD4+ T cells, CD8+ T cells, and
CD19+ B cells presence corresponding to flow cytometry data on
each subset of immune cells. Finally, we correlated inflamed tumors,
or those with high immune cell content, by FRICTION to CD45+ im-
mune cells from flow cytometry with a linearity of R2 > 0.82.
Conclusions
In summary, we demonstrate that the TruSeq™ RNA Exome next-
generation sequencing workflow combined with FRICTION, an im-
mune cell deconvolution algorithm, can predict the presence of CD4
+ T cells, CD8+ T cells, and CD19+ B cells within tumor microenviron-
ment in a quantitative manner and accurately determine the inflam-
mation of the tumor microenvironment.
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Background
The interplay between malignant tumors and the immune system is
becoming increasingly understood. Immune checkpoint inhibitors are
approved for treatment of several cancer types, with PD-L1 immunohis-
tochemical expression as a companion test in many cases. Immune
checkpoint blockade is not an established therapy for advanced pros-
tate cancer (PC) patients (castration-resistant or neuroendocrine PC);
however platinum agents are active and in clinical use. This study
aimed to assess the impact of somatic alterations in PD-L1 on clinical
responses to platinum chemotherapy in patients with advanced PC.
Methods
We reviewed records of advanced PC patients enrolled in our Precision
Medicine cohort, who received platinum-based chemotherapy with
available tumor tissue specimens and clinical information of known
prognostic factors. We used whole exome sequencing (WES) to assess
for mutations and copy number alterations in the CD274 gene (encod-
ing PD-L1). We used Kaplan Meier curves, univariable and multivariable
Cox regression analyses to predict time to PSA progression-free survival
(PSA-PFS), radiographic progression-free (rPFS) and overall survival (OS)
after initiation of platinum-based chemotherapy.
Results
Our cohort included 31 men, median age 69 years (range 50-85).
Based on histological features 8 patients (26%) were NEPC. Twenty
five patients had bone metastases and 19 had visceral metastases
(16 liver, 11 lung, 1 brain).
The majority or patients (26/31) received carboplatin, 8 received cis-
platin and 4 received both sequentially, with initial platinum used for
data analysis. Most patients received chemotherapy doublets, and
platinum was most frequently combined with paclitaxel (N=11) and
etoposide (N=12). Somatic alterations (mutations or/and copy num-
ber changes) in CD274 (encoding for PD-L1) were associated with a
significantly longer rPFS compared to men with wild-type PD-L1 (me-
dian rPFS: (median rPFS: 8 versus 4 months, P=0.022). PD-L1 alter-
ations were less frequent observed in men with bone metastases (2/
22 vs 4/9, P=0.043). No significant correlations were identified be-
tween CD274 status (wild-type versus mutations/copy number alter-
ations) and PSA-PFS or OS. On multivariate analysis (adjusted for
Gleason score, PSA, alkaline phosphatase, lactate dehydrogenase,
hemoglobin, visceral metastases, performance status, use of opioids),
PSA (P=0.049) and the presence of visceral metastases (P=0.048)
were independent prognosticators of OS.
Conclusions
Our study suggests that somatic alterations in PD-L1 may predict
radiologic responses in patients with advanced PC treated with
platinum-based chemotherapy. Validation of these findings in larger
prospective studies are warranted.
Ethics Approval
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Background
Immune checkpoint inhibitor therapy is approved for colorectal can-
cers that show high microsatellite instability. These cancers typically
show increased mutational burden associated with increased T cell
infiltration correlating with higher Immunoscores. Not all these tu-
mors respond to immunotherapy, hence a need for additional pre-
dictors of responsiveness. We sought to quantitate tumor infiltrating
and peritumoral lymphocytes in patients with colorectal cancers dis-
playing high-microsatellite instability and examine the clonality of
their expression profiles based on the hypothesis that these parame-
ters are predictors of such responsiveness.
Methods
T cells of interest were identified by immunostains against CD3 and
CD8 in 4-micron thick formalin-fixed, paraffin-embedded tissue sec-
tions from 4 colorectal cancers with high microsatellite instability
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including 2 from patients with Lynch syndrome and 2 from sporadic
cancers. The average number of immunopositive tumor infiltrating
and peritumoral lymphocytes and the ratio of CD8 over CD3 positive
cells in 10 high power fields (totaling approximately 3 square milli-
meters) were scored independently by two pathologists. Areas of at
least 5 square millimeters containing representative tumor infiltrating
and peritumoral lymphocytes were macrodissected and subjected to
RNA extraction using a Promega Maxwell instrument. The Archer
Immunoverse NGS TCR assay and an Illumina Miseq instrument were
used to sequence 400ng RNA from each sample. Results were ana-
lyzed using Archer’s analysis pipeline.
Results
All tumors had over 100 tumor infiltrating lymphocytes per high
power field, 63% showing CD8 positivity. There was a range of 10-
100 peritumoral lymphocytes per high power field, 75% with CD8
positivity. The two cases associated with sporadic cancer had 234
and 338 unique TCR-beta sequences respectively, with a single dom-
inant clone (44% of total sequences) in one case and two dominant
clones (15% and 16% of total sequences) in the other. The two Lynch
syndrome cases had 665 and 1442 unique receptor sequences re-
spectively in infiltrating lymphocytes, none above background fre-
quency. Peritumoral lymphocytes in 3 cases showed from 1394 to
2986 unique T cell receptor beta sequences, none of which were
dominant. The remaining case, from a patient with sporadic cancer,
had 438 unique sequences, one representing 21% of all sequences,
but the selected region contained a small number of admixed tumor
cells.
Conclusions
T-cell clonality in tumor infiltrating lymphocytes was detectable and
associated with sporadic tumors in this small cohort of colorectal
cancers with high microsatellite instability. Whether or not this can
predict responsiveness to immunotherapy merits investigation.
Ethics Approval
This study was approved by USC Institutional Review Board; approval
number HS-18-00285.
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Background
Tumor mutational burden (TMB), a measure of the number of som-
atic mutations per Mb of the assay target region, is becoming a com-
mon biomarker in prediction of immunotherapy response. As the
tumor evolves, mutations are accumulated, leading to growth advan-
tages and opportunities for presentation of new neoantigens. Im-
munotherapies designed to antagonize common checkpoint
inhibitors like PD1/PD-L1 and CTLA4 correct for this immune evasion
and mutational burden provides a continuous variable that’s prog-
nostic to this attainment. This is also showing promise in 2nd and
3rd line inhibitory compounds (TIM-3, LAG3, IDO1) and co-
stimulatory antibodies (OX40, GITR, CD40).Calculation of TMB is
dependent on calling tumor-derived (somatic) mutations that are de-
rived from identifying variants in the tumor cells and contrasting
them against variants in a matched normal/germline sample. How-
ever, this approach increases costs of testing and in many cases, may
not be possible if a normal sample cannot be obtained, consented or
absent from a clinical trial protocol for TMB testing.
Methods
Our tumor-only TMB pipeline uses somatic classifications determined
using a random forest model. Utilizing TCGA samples, the model was
trained across multiple indications using variant classifications (som-
atic/germline) produced by our original paired TMB analysis pipeline.
The pan-cancer model consists of 236 TCGA samples from 5 separate
indications that have been shown to have a range of median TMB
values. This model has 17 significant predictors (like variant allele fre-
quency, ExAC frequency, SIFT score, etc) derived from variant call
metrics and database annotations pulled from GoldenHelix Varseq.
Results
Utilizing data from TCGA samples from indications not included in our
model we looked to compare tumor-only TMB using correlation to
known values, precision in biological replicates, preservation of dynamic
range and linearity. Using indications outside of our original model,, we
observed slopes ranging from 0.72-1.1 and R2 values consistently above
0.92 against our paired values. We observed similarly high correlation
(slope 0.92/R2 0.87) in paired values generated from TCGA. Utilizing
procured case-matched fresh frozen and FFPE samples and showed
TMB from FFPE ranging within 30% of the frozen values. When testing
replicates for both frozen and FFPE, we consistently observed TMB
scores under 10% in frozen and ranging from 1-21% in FFPE.
Conclusions
To increase applicability of TMB to the volume of retrospective stud-
ies, calculation must be able to be performed by using only the
tumor specimen and we feel our approach provides robust calcula-
tion across use cases.
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Background
Investigation of the interactions between the tumor genomic land-
scape and immune cell infiltration is critical for immune-oncology
(IO) projects. Such analysis facilitates the discovery of novel prognos-
tic biomarkers, identification of new drug targets, and understanding
of drug resistance mechanisms. However, due to a lack easily avail-
able datasets and proper analysis tools, systematically exploring the
tumor–immune interaction is a big challenge.
Methods
Here, we deconvoluted the immune cell compositions of 9,721 pri-
mary tumor samples from 33 TCGA cancer types using transcriptomic
data, and developed a web-based application, IO Browser.
Results
The browser allows the user to visualize the immune composition of
a sample or cohort, and to define disease segments or “immuno-
types” based on the presence of single or multiple immune cell
types. Users can then perform survival comparisons, explore gene ex-
pression of key cancer and IO genes as well as generate oncoprints
in the different segments. The browser also provides statistical ana-
lysis to identify the gene or mutations enriched in the immuno-
typed disease segment, and correlate gene expression or mutations
with specific immune cell types in tumor microenvironment (TME).
Conclusions
In summary, IO Browser enables comprehensive analysis and
visualization of the dynamic interactions between tumor and im-
mune landscape, and will aid our understanding of the interplay be-
tween tumor genomics and immune biology to facilitate line of sight
and disease segmentation.
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Background
EGFR mutated- NSCLC or NSCLC among never-smokers (regardless of
EGFR or ALK mutation status) have inferior responses to anti-PD-1 anti-
body therapies compared to NSCLC with KRAS mutation or smoking-
associated NSCLC.[1,2] We hypothesized that tumor immune micro-
environment (IME) differences between smokers vs non- smokers, KRAS
mutants vs EGFR mutants may explain this clinical association.
Methods
Using the Cancer Genome Atlas (TCGA) lung adenocarcinoma
provisional database, genomic profiles and clinically annotated data
were obtained. Patients without RNA-seq data were excluded. 22 dif-
ferent IME cell proportions were estimated using The Cancer Immu-
nome Atlas (TCIA) and CIBERSORT gene expression deconvolutional
algorithm LM22.[3,4] Relative IME cell proportions were compared
using t-test. Holm-Bonferroni method was applied to control for type
I error at alpha=0.05.
Results
75 lifelong non-smokers and 426 current/former smokers with lung
adenocarcinomas were identified. 58 and 160 patients had putative
driver mutations in EGFR and KRAS, respectively. Compared to non-
smokers, smokers had significantly higher percentage of activated
memory CD4 T cells (5.1% vs 2.6%, p=0.002), and plasma cells (10.1%
vs 7.3%, p=0.003). In contrast, non-smokers had higher proportion of
resting dendritic cells (9.7% vs 6%, p=0.003) (Figure 1). KRAS mutants
had higher fractions of cytotoxic CD8 T cells (1.4% vs 0.5%, p=0.002),
activated memory CD4 T cells (4.5% vs 2%, p=0.002) and plasma cells
(9.9% vs 6.4%, p=0.003) compared to EGFR mutants (Figure 2). The
rest of comparisons did not reach statistical significance.
Conclusions
There are distinct phenotypes of immune cell contexture of lung
adenocarcinomas in association with smoking status and genotype.
Smokers and KRAS mutants have a more favorable immune micro-
environment compared to non-smokers and EGFR mutants. It may
play a role in determining immunotherapy responsiveness.
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Background
The use of PD-1/PD-L1 checkpoint inhibitors (CPI) has dramatic-
ally altered the treatment of metastatic Non-Small Cell Lung Can-
cer (NSCLC). However, a large proportion of patients with NSCLC
do not derive clinical benefit from CPI treatment resulting in ef-
forts aimed at improving patient selection. Molecular profiling of
NSCLC has identified genomic subsets of NSCLC such as EGFR
mutant NSCLC and KRAS mutant NSCLC with co-occurring muta-
tions in the Nrf2 axis (STK11, KEAP1, and NFE2L2) that appear re-
sistant to CPI monotherapy [1-3]. Using a cohort of patients
whose tumors underwent comprehensive genomic and targeted
immune transcriptomic analysis, we characterized the immune
gene expression profile of EGFR mutant and Nrf2 altered NSCLC
tumor samples.
Methods
We performed comprehensive analysis of the genomic and im-
munological landscape of 134 formalin-fixed, paraffin-embedded
tumor samples from metastatic non-squamous NSCLC patients at
eight institutions using a CLIA-certified laboratory test that in-
cluded whole-exon DNA-seq and abundance of 394 immune tran-
scripts by RNA-seq. Differential gene expression analyses of
immune transcripts for various mutant subtypes was performed
using Wilcoxon rank sum test on gene expression ranks (normal-
ized gene expression values ranked against a large tumor refer-
ence population). Benjamini-Hochberg adjusted p-values are
reported.
Results
Among the cohort of 134 cases, 8 were EGFR mutant, 28 were
KRAS mutant (6 KRAS/TP53 and 4 KRAS/Nrf2 axis co-mutants),
and 11 had Nrf2 axis mutations. In EGFR mutant cases, there was
a trend towards enrichment of an IFN-g gene expression signa-
ture [4] and significant enrichment for a T-cell exhaustion gene
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expression signature [5] (p=0.043) (Fig. 1) including elevated ex-
pression of PD-L2 (p=0.031) and LAG3 (Fig. 2A). Nrf2 axis altered
cases showed decreased PD-L1 expression (p=0.036) (Fig. 3) con-
sistent with previous studies [2-3]. Nrf2 altered cases also demon-
strated an increase in suppressive Treg genes and an
immunosuppressive environment (Fig. 2B). Potential therapeutic
targets of interest that were significantly increased in the Nrf2 al-
tered cohort include NOTCH3 (p=0.048), TBP (p=0.033), HGF
(p=0.043), and BCL2L11 (p=0.034). Similar trends were observed
comparing the smaller subsets of KRAS and TP53 co-mutants
compared to KRAS and Nrf2 altered subsets (Fig. 2C).
Conclusions
Using NSCLC patient tumor samples from multiple institutions,
we characterized the immune gene expression signatures of
CPI resistant EGFR and Nrf2 altered NSCLC genomic subsets
and identified different potential mechanisms of CPI resistance
in these genomic subsets. Alternative checkpoints resulting in
T-cell exhaustion was observed in EGFR mutant NSCLC and an
immunosuppressive Treg dominated signature was seen in Nrf2
altered NSCLC.
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Oncolytic Viruses and Intratumoral Therapies
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Background
Prostate cancers are generally considered to be a ‘cold’ tumour with this
non-inflamed phenotype thought to be largely responsible for the disap-
pointing lack of sensitivity of prostate cancer patients to immune check-
point blockade (ICB) therapy. However, the use of oncolytic viruses can
overcome pre-existing mechanisms of resistance to ICB in prostate cancers
by transforming these cold tumours into ‘hot’, immune cell infiltrated, tu-
mours. Such biological therapy can be further enhanced with the use of
relevant immune checkpoint blockade that can overcome any constitutive
or compensatory inhibitory resistance mechanisms. In this study, we inves-
tigated whether the effectiveness of oncolytic viral therapy for prostate
cancer could be improved with targeted blockade of PD-1 and/or CD73.
Methods
The susceptibility of prostate cancer cell-lines to reovirus infection was
tested in-vitro using MTS assays. The immunogenic cell death profile of
reovirus-infected TRAMP-C2 cells was determined by analysing the cell-
surface expressed ICD determinants, calreticulin and HSP70, by FACS
and the secreted determinants by ELISA (HMGB1) or ATP assay. The
capacity of reovirus to target TRAMP-C2 tumours in-vivo were evalu-
ated using immunocompetent C57BL/6. Anti-PD-1 and/or anti-CD73
blockade in the TRAMP-C2 prostate cancer murine model was tested as
a monotherapy and in combination with reovirus infection. Nano-
string’s PanCancer Immune Profiling RNA Panel was used to investigate
the impact of reovirus therapy on the tumour microenvironment.
Results
Prostate cancer cell-lines were highly susceptible to reovirus infection
and displayed significant increases in the immunogenic cell death deter-
minants, calreticulin and HMGB1, post-infection. Using the TRAMP-C2
immunocompetent C57BL/6 murine model, reovirus but not PBS-
treated tumours resulted in significant tumour control but did not in-
duce complete regression of tumours. Blockade with either anti-CD73 or
anti-PD-1 as a monotherapy did not significantly control tumour growth.
However, the addition of these antibodies after reovirus infection signifi-
cantly controlled tumour growth resulting in complete tumour regres-
sions in some mice who subsequently displayed protective immunity to
tumour rechallenge. Whilst Nanostring analysis revealed the expected
increase in immune infiltration within the virus-treated TRAMP-C2 tu-
mours, even more interesting was the finding of significant upregulation
of the negative regulators, BTLA and PD-L1 in the reovirus-treated
TRAMP- C2 tumours compared to untreated tumours.
Conclusions
Whilst blockade of the PD-L1 signal with an anti-PD-1 antibody clearly sen-
sitized TRAMP-C2 tumours to cytotoxic T lymphocyte (CTL) killing in the
current study, results will be presented to show whether blockade of BTLA
can synergise with anti-PD-1 at reversing tumour-specific T cell inhibition.
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Background
Activation of Stimulator of Interferon Genes (STING) in tumor micro-
environment is considered to be a novel and promising approach to
cancer immunotherapy via turning immune cold tumors into im-
mune hot tumors. Here, we present for the first time E7766, a novel
and proprietary STING agonist, and its preclinical profile in compari-
son with clinical stage reference compound X
Methods
E7766 was designed and synthesized to optimize the potency of
binding to dimerized STING proteins of different genetic isoforms.
Co-crystalization of E7766 with recombinant STING proteins were
performed. E7766 was comparatively characterized with 2’3’-cGAMP
and compound X in a variety of biochemical, molecular and cell bio-
logical, and in vivo pharmacological assays including human primary
cells and tumor tissues. ADME and pharmacokinetics were
determined.
Results
E7766, a representative of a novel class of compounds, was found to
be a highly specific agonist. In primary human cells, E7766 was con-
sistently active across all seven tested STING genetic isoforms and
one to three orders of magnitude depending on the isoforms more
potent than compound X. The broader target specificity and superior
potency of E7766 were explained by advantageous molecular inter-
actions in its co-crystal structures with various STING genetic iso-
forms. E7766 had no direct anti-proliferative activity in vitro, but
when E7766 was administrated as single intratumoral (I.T.) injection
to twelve subcutaneous syngeneic tumor models, all tumors
responded by either complete regression or significant tumor growth
delay without serious adverse effects. Single I.T. administration of
E7766 eradicated anti-PD1 refractory large CT26 tumors or anti-PD1
resistant MC-38T1 tumors. Furthermore, single administration of
E7766 to subcutaneous tumor in mice bearing dual CT26 tumors in
liver and under skin cured 90% of animals without recurrence for
over 8 months. In contrast, compound X had 30% cure rate in the
same treatment condition. The effective abscopal antitumor activity
by E7766 was mediated by type I IFN signaling, CD8 T cells, and
TNFα, and the tumor free mice completely rejected rechallenges of
the same tumor in the absence of CD8 T cells or NK cells. Treatment
with E7766 induced expression of signature innate genes, accumula-
tion of active T cells, and tumor cell death. Finally, E7766 was meta-
bolically stable and had a short half- life in plasma with moderate to
high plasma clearance through a hepatic transporter-mediated
mechanism.
Conclusions
We have developed a novel STING agonist E7766 that has an excel-
lent and structurally-supported superior preclinical profile over com-
pound X, supporting further clinical investigation for cancer
immunotherapy.
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Background
Talimogene laherparepvec (T-VEC) is a first-in-class oncolytic im-
munotherapy derived from herpes simplex virus type 1 (HSV-1). T-
VEC was designed to selectively replicate in neoplastic cells, lyse
tumor cells, produce GM-CSF and stimulate anti-tumor immune re-
sponses. To study T-VEC-induced systemic immunity and T-cell re-
sponses against tumor antigens, we developed a mouse model of
melanoma. We have previously shown that the combination of
OncoVEXmGM-CSF (a virus modified similarly to talimogene laherpar-
epvec, except that it contains mGM-CSF instead of hGM-CSF) and an
anti-CTLA-4 antibody results in enhanced efficacy in both primary
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and metastatic B16F10 tumors. Here we set out to 1) determine
whether OncoVEXmGM-CSF and anti-CTLA-4 combination treatment
elicits a durable anti-tumor memory response and 2) to identify
tumor-specific MHC-I epitopes generated by the treatment.
Methods
Experimental lung metastases were established by delivering
B16F10-GFP cells intravenously (IV) to C57Bl/6 mice. Subcutaneous
(SC) tumors were established by implanting B16F10-mNectin1 cells.
When SC tumors reached~100mm3, mice were administered intratu-
moral injections of OncoVEXmGM-CSF every third day (3 doses). Anti-
CTLA-4 antibody was dosed on the same schedule (4 doses). Naïve
control mice and treated mice whose SC tumors had resolved were
rested for 60 days and then re-challenged with B16F10 tumor cells
either on the SC flank or IV. Lungs were collected from IV challenged
mice on day 28 for enumeration of lung metastasis. B16F10 tumor
antigen epitopes were identified using exome sequencing and MHC/
HLA-binding prediction algorithms. Antigen-specific T cell response
was measured using an IFN-γ ELISPOT assay.
Results
OncoVEXmGM-CSF in combination with an anti-CTLA-4 antibody led to
complete SC tumor regression in 60% of mice. These mice rejected a
re-challenge with B16F10 either on the SC flank (10/10 tumor-free vs.
0/10 in age- matched naïve mice) or when delivered IV (10/10 tumor-
free lungs at day 28 vs. 0/10 in controls). Splenocytes from
OncoVEXmGM-CSF treated mice were activated by the tumor antigen-
specific peptide P15E and two neoantigen peptides. T cell responses to
P15E were associated with efficacy in SC tumors in the combination
group, suggesting that it may be a tumor-rejection antigen.
Conclusions
The combination of OncoVEXmGM-CSF and anti-CTLA-4 antibody
treatment elicited a durable effector memory response against
B16F10 tumors. Moreover, OncoVEXmGM-CSF induces both neo-
antigen- and tumor antigen- specific T-cell responses. The response
to P15E was augmented by anti-CTLA-4 and associated with efficacy
of the combination treatment.
Ethics Approval
All in vivo work was conducted under an IACUC approved protocol
and in an AAALAC accredited facility.
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Background
Oncolytic virotherapy has recently emerged as a promising anti-
cancer therapeutic approach. A herpes virus-based oncolytic virus
(oHSV-1), T-VEC, an oncolytic HSV-1 virus carrying GM-CSF, is the first
oncolytic virus (OV) that has been approved by FDA in 2015 for treat-
ing melanoma. However, GM-CSF also stimulates myeloid derived
suppressive cells (MDSCs) and therefore may not be the best im-
mune stimulating factor to be expressed by OVs. To explore other
immune regulatory factors that may better arm oHSV, we developed
an oncolytic virus VG161 that expresses IL-12, IL-15 with its receptor
alpha subunit and PD-L1 blocking peptide. VG161 has demonstrated
to have a very strong antitumor effect in prostate cancer (PCa)
mouse models.
Methods
Two expression cassettes that express IL-12 and IL-15 with its alpha
receptor subunit, and PD-L1 blocking peptide (TF-Fc), respectively,
were constructed into an oHSV backbone to generate VG161. Anti-
tumor effect of VG161 virus was evaluated using MTT cell viability
assay in a panel of prostate cancer cells in vitro. Viral replication in
prostate tumor cells were determined by single step viral growth
assay. In vivo anti-tumor efficacy was evaluated with a subcutane-
ously implanted human prostate cancer cell line (LNCaP), as well as
the immunocompetent TRAMPC2 murine model of prostate cancer.
Immune cell infiltration into the tumor microenvironment was deter-
mined by flow cytometry.
Results
Cell viability assay demonstrated that viability of PCa cells was re-
duced following VG161 infection in a dose dependent manner. Add-
itionally, growth assay of VG161 in LNCaP cells showed the
replication competency of the virus in PCacells. In vivo treatment of
the LNCaP tumours with VG161 led to a dramatic reduction in tumor
size compared to treatment with vehicle or replication deficient con-
trol virus. Antitumor efficacy by VG161 was also observed in the
TRAMPC2 syngeneic prostate cancer model. Our data demonstrated
that immunostimulatory transgene expression by VG161 virus, dra-
matically enhanced NK cell infiltration into LNCaP tumours in Nude
mice. Moreover, VG161 intratumoral injections significantly increased
cytotoxic CD8+ T cells in TRAMPC2 tumors in both subcutaneous
and orthotopic models. More interestingly, immunosuppressive im-
mune cells such as T regulatory cells and MDSC populations were
significantly decreased after VG161 treatment.
Conclusions
Our study indicates that IL-12/IL-15 and PD-L1 blocker delivering
oHSV-1 vector (VG161) alters the prostate tumor microenvironment
and thereby significantly inhibits tumor growth.
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Background
Among different gene-targeted mouse models deficient in specific
innate immune pathways, only mice lacking STING or its downstream
transcription factor IRF3 fail to reject immunogenic tumors [1]. Based
on this finding, activation of STING by intratumoral injection of
pharmacologic agonists has been investigated as a cancer therapy.
While these studies have mainly focused on STING signaling in anti-
gen presenting cells, its functional impact on tumor cells has not
been well characterized. Here, we studied the impact of STING signal-
ing activation on antigenicity of human melanoma cell lines follow-
ing exposure to an agonist.
Methods
We examined STING and cGAS expression in a panel of human mel-
anoma cell lines by immunoblot. Functional STING signaling activa-
tion was examined in STING-positive melanoma cell lines upon
stimulation with the agonist 2’3’-cGAMP by measuring the induction
of CXCL-10 and IFN-beta. To determine if hypermethylation was in-
volved in the suppression of STING expression and signaling where
gene mutations were absent, we treated melanoma cells lacking
STING expression with 5-aza-2’-deoxycytidine (5AZADC). To study the
role of STING signaling on antigenicity of melanoma, we co-cultured
expanded human tumor infiltrating lymphocytes (TIL) with their HLA-
matched melanoma cell lines in the presence or absence of 2’3’-
cGAMP agonist. We assessed TIL production of IFN-γ and 51Cr release
for cytotoxicity.
Results
Immunoblot analysis revealed a diverse STING/cGAS expression sta-
tus in human melanoma cell lines. STING expression was not de-
tected in 11 of 18 of them. Induction of STING expression in
5AZADC-treated melanoma cell lines lacking STING and production
of CXCL-10 following their stimulation with the STING agonist
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suggested DNA hypermethylation involvement in cases where STING
gene mutations were absent. Among STING-positive cell lines, two
responded strongly to STING signaling activation with 2’3’-cGAMP.
Activation of the STING pathway in these cell lines when cultured
with their HLA-matched TILs resulted in up to a 15-fold increase in
IFN-γ secretion (p < 0.01) as well as augmentation of TIL cytotoxicity
by >2-fold (p < 0.05). In addition, STING activation could induce en-
hanced surface expression of MHC class I in human melanoma cell
lines leading to more effective tumor antigen recognition by TIL.
Conclusions
Direct activation of the STING pathway in human melanoma cell lines
can result in improved antigenicity. Further understanding of the
regulation and function of STING in melanomas may lead to the de-
velopment of new strategies using STING agonists to improve TIL-
based immunotherapies.
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Background
Treatment with checkpoint inhibitor antibodies results in long-lasting
antitumor responses in a variety of cancers [1]. However, a great un-
met need remains since only a small fraction of patients responds.
Reasons for lack of efficacy of checkpoint inhibition are believed to
include lack of or inadequate tumor infiltrating immune cells (TIL), a
notion supported by improved efficacy observed following combined
checkpoint blockade with tumor microenvironment- modulating
oncolytic virotherapy [2]. While combination therapy with anti-CTLA-
4 and anti-PD-1 antibodies significantly improve efficacy, concerns
with tolerability following systemic administration has limited wide-
spread clinical use [3]. Here we present a potentially safe and more
efficacious strategy to combine anti-CTLA-4 and anti-PD-1/PDL1
checkpoint inhibition in the context of oncolytic virotherapy. A Vac-
cinia virus (VV)-based oncolytic vector will be armed with herein de-
scribed full-length human recombinant anti-CTLA-4 antibody,
selected and characterized for its improved FcγR-dependent Treg de-
pleting efficacy [4]. FcgammaR-dependent Treg depletion was re-
cently found to underly human anti-CTLA-4 antibody efficacy in vivo,
and FcgammaR-polymorphisms were associated with clinical re-
sponses to ipilimumab [4]. The Vaccinia virus vector was chosen
based on its ability to achieve high intratumoral but low systemic ex-
posure of encoded antibodies following intratumoral injection, and
for its ability to induce intratumoral innate immune and effector T
cell infiltration in conjunction with checkpoint inhibition in immuno-
competent mouse tumor models [5-8].
Methods
The n-CoDeR® F.I.R.S.T™ human antibody and target discovery plat-
form [9-12] was screened for antibodies with specificity for CTLA-4.
Full-length antibody clones were characterized for efficacy and po-
tency of binding human, cynomolgus and mouse CTLA-4 and for
blocking CTLA-4 binding to B7 ligands. Functional activity was
assessed in vitro monitoring CTLA-4-mediated T cell suppression and
FcγR-dependent T cell depletion. Antibody-mediated deletion of hu-
man Treg in vivo was assessed using a human PBMC-based NOG/
SCID-transfer model. Ipilimumab was used as benchmarking control.
Results
Biopanning, biochemical-, in vitro-, ex vivo- and in vivo-functional
characterization of multiple antibody clones identified a lead human
anti-CTLA-4 antibody candidate with improved Treg-depleting activ-
ity compared with ipilimumab. Its selective improved Treg deleting
efficacy contrasted by near identical efficacy and potency compared
with ipilimumab in overcoming CTLA-4-mediated effector T cell
suppression.
Conclusions
A human CTLA-4 antibody optimized for FcgammaR-dependent Treg
deletion has been generated for arming of a Vaccinia-based oncolytic
viral vector. Oncoviral tumor-localized delivery of this mAb may im-
prove the therapeutic window for CTLA-4 targeted checkpoint inter-
vention, allowing better tolerated and more effective combination
therapy with approved antibodies targeting the PD-1/PDL1 axis.
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Background
Current treatment strategies for peritoneal carcinomatosis (PC), the
most frequent metastatic spread of primary gastrointestinal tract can-
cers, are associated with high recurrence rates and poor long-term
survival. Preclinical evidence demonstrates that oncolytic viruses (OV)
can be delivered intraperitoneally and augment the immune re-
sponse within the peritoneal cavity. vvDD and its IL15-IL15-Rα-fusion
protein-expressing version (vvDD-IL15- Rα) stimulate a highly CD8 T
cell dependent antitumor immunity in colon or ovarian murine can-
cers in vivo. OV’s ability to induce a T cell population with potent
tumor-specific reactivity might present a novel strategy to overcome
the immunosuppressive tumor microenvironment of solid organ ma-
lignancies and thereby augmenting their response to adoptive cell
transfer (ACT).
Methods
Female C57BL/6 mice were inoculated intraperitoneally (i.p.) with
colon adenocarcinoma cells (MC38). Tumor bearing mice underwent
regional i.p. treatment with parental vvDD, vvDD-IL15-Rα or PBS. At
different post treatment days, i.p. lavage was performed and T cells
were isolated with magnetic beads. Virally induced ascites fluid lym-
phocytes have been tested for tumor cell recognition ex vivo via co-
culture assay, ELISA, ELISPOT and flow cytometry and applied for
ACT.
Results
OV i.p. therapy stimulates a strong immune response with a 100-fold
increase of the amount of T cells (p<0.005). Ten days post treatment,
T cells isolated from vvDD-IL15-Rα-treated mice exibit a more potent
adaptive MC38- specific immunity in comparison to those isolated
from control mice as measured by elevated IFNγ release (p<0.005) or
4-1BB expression (p<0.005) on CD8 T cells. CD8 T cells isolated from
ascites fluid 10 days after i.p. vvDD-IL15-Rα injection also exert an in-
creased expression of PD-1 (p<0.005) and coexpression of PD-1 and
TIGIT (p<0.5). The transfer of these T cells in combination with anti-
PD-1 antibody to MC38 tumor bearing mice in the absence of OV
therapy cures 80% of animals and extends survival (p<0.005).
Conclusions
Regional OV therapy of PC stimulates the i.p. T cell population and
induces an adaptiv tumor-specific immune response. When applied
in ACT in combination with an anti-PD-1 antibody, these OV induced
T cells exert potent therapeutic efficacy as depicted by a high
complete response rate and prolonged overall survival. The results
demonstrate that the combination of OV and PD-1 blockade pos-
sesses great therapeutic potential to enhance efficacy of ACT as
treatment strategy of solid cancers as highlighted in this preclinical
study.
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Background
Many cancer patients fail to optimally benefit from monoclonal anti-
body (mAb) immunotherapy because of the high costs, limited single-
agent efficacy and toxicity following systemic infusion. DNA-based anti-
body gene transfer administers the mAb-encoding nucleotides, rather
than the protein, allowing the site of delivery to produce the thera-
peutic in a cost-effective manner[1]. Recently, we achieved preclinical
proof of concept for intramuscular gene transfer of tumor-targeting
mAbs using plasmid DNA (pDNA) electroporation, a well-established
clinical approach[2]. In the current study, we aimed to extend our DNA
platform to immunomodulatory mAb combinations and explore the
tumor as site of pDNA delivery. We hypothesized that intratumoral
mAb production can lead to local and systemic anti-tumor responses,
while avoiding high systemic mAb exposure and associated toxicity.
We thereto compared the efficacy and pharmacokinetics of intramus-
cular and intratumoral antibody gene transfer.
Methods
Plasmids were designed to express an optimized anti-CTLA-4 mAb
(p(aCTLA-4)) or anti-PD-1 mAb (p(aPD-1)), and were evaluated in a sub-
cutaneous MC38 mouse tumor model. An empty plasmid (pNull) served
as a control. Intramuscular and intratumoral pDNA electroporation were
applied using tweezer electrodes and the NEPA21 Electroporator.
Results
Intramuscular p(aCTLA-4) and p(aPD-1) electrotransfer significantly im-
proved survival, with the former resulting in 10% complete responders
(CRs). The combination of both DNA-based mAbs further increased re-
sponse, up to 30% CRs. pNull had no impact on tumor growth. Intratu-
moral delivery improved the efficacy of p(aPD-1) (33% CRs), while
response rates of the other treatment arms were maintained (p(aCTLA-
4): 9-17% CRs; combination: 33% CRs). Similar to the literature, intratu-
moral pNull electroporation resulted in a dose-dependent anti-tumor
effect. The survival benefit, however, was less pronounced than when
expressing the mAbs. In cured mice rechallenged with MC38 cells,
tumor growth was absent or delayed, suggesting long-term anti-tumor
immunity. Plasma mAb concentrations resulting from intratumoral
mAb expression were up to 20-fold lower and more transient com-
pared to intramuscular pDNA electrotransfer, and correlated with re-
sponse. For both pDNA delivery sites, plasma mAb levels were similar
in the single- and combination-treatment arms, demonstrating our abil-
ity to properly express mAb combinations.
Conclusions
Intramuscular and intratumoral DNA-based gene transfer of immuno-
modulatory mAbs enable significant anti-tumor responses, despite
the distinct mAb pharmacokinetics. Combining a high efficacy with
limited systemic mAb exposure, the tumor emerges as an appealing
delivery site for DNA-based therapeutics.
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Background
We have reported that Delta-24-RGDOX, an oncolytic adenovirus ex-
pressing immune co-stimulator OX40 ligand (OX40L), induces effica-
cious anti-glioma immunity in syngeneic intracranial glioma models
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of immune competent mice. It is unknown if the virus could be used
to treat metastatic melanomas.
Methods
Flow cytometry was used to determine the expression of OX40L on
tumor cells, cell lysis, immunophenotyping of the lymphocyte popu-
lations. To study the abscopal immunity against metastatic melano-
mas induced by intratumoral injection of the virus in primary
melanomas, we established subcutaneous/subcutaneous (s.c./s.c.)
and subcutaneous/intracranial (s.c./i.c.) melanoma models with B16-
Red-FLuc cells, a derivative of B16F10, in C57BL/6 mice to evaluate
the effect of Delta-24-RGDOX on tumor-bearing mice survival, and
the lymphocyte populations and their distribution in the mice. The
tumor growth was monitored with bioluminescence imaging.
Results
Delta-24-RGDOX expressed mouse OX40L and induced cell lysis in both
human and mouse melanoma cells. It replicated efficiently in human
melanoma cells and also showed a moderate replication activity in
B16-Red-FLuc cells. In the s.c./s.c. model, compared to treatment with
PBS, Delta-24-RGDOX significantly inhibited the growth of both the
injected and the untreated distant tumors, resulting in prolonged sur-
vival of the mice with 50% long-term survival (P = 0.001). The surviving
mice is resistant to rechallenging with the same tumor cells but is sus-
ceptible to lung cancer cells, suggesting the development of immune
memory specific to the virus-injected tumor type. The virus treatment
increased the presence of CD3+ T lymphocytes, CD3+CD4+ helper T
cells, CD3+CD8+ cytotoxic T cells and the effector T cell frequency, and
decreased the amount of T regulatory cells in the tumor. In addition,
analysis of T cells in the blood and spleen demonstrated that the virus
mediated an abscopal effect which was indicated by the increment of
effector CD4+ and CD8+ T cells frequency, and PD-1 expression on
these cells. In the s.c./i.c. model, viral injection into the s.c. tumor in-
duced anti-melanoma activity in the brain, resulting in growth inhib-
ition of both the s.c. and i.c. tumors and an improved survival of the
animals. The viral injections in the s.c. tumor increased the presence of
T cells and the frequency of the effector cells in the hemispheres with
the tumor implant.
Conclusions
Localized intratumoral injection of Delta-24-RGDOX induces an in situ
antovaccination of the treated melanoma, of which the effect
changes the immune landscape of the treated mice, resulting in the
immunity against the disseminated s.c. or i.c. tumors.
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Background
Oncolytic viruses (OVs) are capable of direct tumour lysis along with
recruitment of anti-tumour immune response. Notably, a systemic ef-
fect can be mediated through the induction of systemic anti-tumour
immunity, especially when OVs are armed with immunomodulators
[1,2]. Recently, an approved oncolytic virus T-VEC shows dramatic im-
provement in clinical efficacy when combined with PD-1 antibody
pembrolizumab [3]. This enhanced efficacy has been implicated
through increasing T cell infiltration in tumor microenvironment. In
the present study, we attempt to demonstrate that OV/PD-1 anti-
body combination might be necessary for the anti-tumour function
of infiltrating T cells through restricting tumour resistance induced
by oncolytic herpes simplex virus-1 (oHSV-1).
Methods
We constructed a novel oHSV-1 (VG161) encoding human IL-12 and
IL-15/IL-15Ralpha to synergistically stimulate the function of immune
cells, and a PD-1 mimic peptide to block PD-1/PD-L1 interaction.
Liver and colon cancer cells were infected with VG161 in vitro or
intratumorally injected with VG161 in vivo and the PD-L1 expression
was evaluated. In experiment investigating which virus-related signal-
ing pathways regulated PD-L1 expression, inhibitors specifically tar-
geting JAK/STAT, STING, or MyD88 pathway were co-treated in
VG161- infected cancer cells. To examine the anti-tumour efficacy of
oHSV and PD-L1 blockade combination, VG161 was compared with
parental oHSV only encoding human IL-12 and IL-15/IL-15Ralpha on
stimulation of immune cell functions against cancer cells.
Results
Our results demonstrate that VG161 induces PD-L1 expression on liver
and colon cancer cell surfaces immediately following infection. In
addition, in vivo colon cancer model shows that tumours received
VG161 injection intratumorally up-regulate PD-L1 protein level. The up-
regulation of PD-L1 expression by oHSV infection was mediated by IFN-
beta but not IFN-alpha nor IFN-gamma. Furthermore, using inhibitors
on different virus-related signaling pathways, we have shown that
VG161-induced PD-L1 expression involves activation of STING and STAT
that was independent of JAK signal. Finally, we show that an oHSV-1 ex-
pressing PD-L1 blocking peptide (VG161) induced stronger anti-tumor
effect by immune cells than its parental oHSV-1 without PD-L1 blocker.
Conclusions
Our results suggest there is a reciprocal effect between oHSV and
PD-1/PD-L1 blocker. oHSV delivery in tumour site increases T cell in-
filtration, but meanwhile also upregulates PD-L1 expression on
tumour, which renders increased resistance to T-cell mediated cyto-
toxicity. Combing with PD-1/PD-L1 blocker might be necessary for
better clinical efficacy of oHSV-1 virotherapy by suppressing virally
induced PD-L1 inhibitory effect.
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Background
Immunosuppression in the tumor microenvironment (TME) and im-
mune escape mechanisms of tumor cells may impede the effective-
ness of adoptive cell therapies (ACT). To this end, strategies to
reverse these mechanisms by enhancing T-cell trafficking and im-
mune exposure of the tumor are needed. G100 is a synthetic TLR4
agonist formulated for intratumoral treatment, which has been
shown preclinically and clinically to inflame the TME, stimulate local
draining lymph nodes, enhance antigen presentation and induce sys-
temic CD4 and CD8 T cell responses that result in antitumor efficacy.
G100 also improves infiltration of vaccine-induced T-cells into murine
tumors. In this study, we investigated whether the efficacy of ACT is
enhanced when combined with intratumoral G100.
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Methods
Female C57BL/6 recipient mice were inoculated with B16F10 or
ovalbumin-expressing-B16F10 (B16-OVA) melanoma tumors. Once tu-
mors were palpable, biweekly treatments of G100 were initiated.
Splenic CD8+ T cells from OT-I and pmel mice, which carry a rear-
ranged TCR transgene specific for an OVA or gp100 epitope, respect-
ively, were magnetically isolated and transferred into the tumor-
bearing mice. Tumor growth was monitored 2-3 times per week by cali-
per measurement until tumors either completely regressed or mice
were euthanized due to tumor growth. In some experiments, tumors
and tumor-draining lymph nodes were isolated from animals and ana-
lyzed by flow cytometry for infiltration of transferred CD8+ T cells.
Results
Mice that received both ACT and G100 treatments (“transfer-pull”) ex-
perienced significantly enhanced tumor protection compared to mice
that received ACT or biweekly intratumoral G100 alone. Treatment of
B16-OVA tumor-bearing mice using the transfer-pull regimen resulted
in complete tumor regression in 70% of the animals, whereas no tumor
regression was observed for animals receiving either monotherapy.
Consistent with the proposed mechanism of action, actively proliferat-
ing transferred T-cells were present in tumors as well as tumor-draining
lymph nodes of transfer-pull treated mice. When targeting the less im-
munogenic gp100 melanoma antigen, median survival was significantly
extended and complete regression observed in up to 28% of animals.
Conclusions
These data collectively demonstrate that intratumoral G100 can be
effectively used in combination with adoptive cell therapy to en-
hance tumor rejection and survival, warranting further preclinical and
clinical evaluation.
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Background
T cell engagers, such as blinatumomab, have demonstrated clinical
activity in several hematological malignancies, but their use in solid
tumors is limited by the low number of antigens that are expressed
in tumors but not in normal tissues. Conditionally active T cell enga-
gers that function preferentially in the tumor microenvironment offer
a path to expanding the therapeutic window by reducing their on-
target but off-tumor activity. Here, we describe a prodrug version of
our T cell engager platform, termed ProTriTAC, that is activated by
proteases in the tumor microenvironment and enables the safe tar-
geting of broadly expressed solid tumor antigens.
Methods
ProTriTACs were engineered with three binding domains on a single
polypeptide: anti-albumin for half-life extension, anti-CD3e for T cell
engagement, and anti-tumor-associated antigen. They have an anti-
albumin domain, comprising a masking moiety and a protease-
cleavable linker, to keep the molecules inert outside the tumor
microenvironment. Activation by tumor-associated proteases
removes the anti-albumin domain along with the masking moiety to
reveal the active drug. The masking moieties were identified using
phage display. Binding studies to recombinant CD3e protein were
determined using ELISA assays and to primary T cells using flow cy-
tometry assays. T cell engager function was assessed using T cell-
dependent cellular cytotoxicity (TDCC) assays with resting human T
cells. In vivo efficacy studies were performed using a subcutaneous
tumor xenograft model in immunodeficient NCG mice.
Results
Proof-of-concept experiments were carried out in vitro and in vivo.
The protease-activated ProTriTAC had markedly increased binding to
recombinant CD3e protein and to human primary T cells as well as
increased T cell-redirected killing activity in TDCC assays when com-
pared to the prodrug. Consistent with tumor-dependent activation of
ProTriTACs in vivo, ProTriTACs have comparable anti-tumor activity
to the unmasked molecule but significantly more anti-tumor activity
than the masked non-cleavable molecule.
Conclusions
ProTriTACs are designed as long-lived inert prodrugs when in circula-
tion and become short-lived active drugs for T cell-redirected tumor
killing when activated in the tumor microenvironment. This half-life
differential between the prodrug and the active drug is desirable as
any aberrant activation of prodrug outside the tumor will be cleared
rapidly, thereby further expanding the therapeutic window. This
technology enables more T cell engager targets for solid tumors, and
we are building a pipeline of ProTriTACs against these targets.
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Background
Recent oncolytic virus clinical studies have shown safety and implied
anti-tumor activity. However, a major obstacle to this approach has
been the rapid oncolytic virus elimination by patient’s immune sys-
tem. We hypothesized that oncolytic viruses would be protected and
delivered efficiently to tumor sites by autologous adipose stromal
vascular fraction (SVF) cells. Effective virus protection by adipose de-
rived cells has been confirmed in preclinical studies. Here, we report
the results of a first-in-man trial to determine the safety and feasibil-
ity of this approach in patients with advanced solid tumors and AML.
Methods
In this single-arm, open-label safety study, 24 patients with advanced
solid tumors and 2 patients with AML were treated with a single ad-
ministration of the oncolytic virus ACAM2000 (vaccinia) delivered by
SVF cells. Patients received ACAM2000/SVF by intravenous applica-
tion, or by a combination of intravenous and intratumoral or intra-
peritoneal injections. The dose for ACAM2000 was between 1.4 x 106
pfu to 1.8 x 107 pfu incubated with same number of SVF cells. The
primary endpoint was safety/tolerability by incidence of dose-limiting
toxicity. Secondary endpoints included evaluations of overall survival
and induction of anti-tumor and anti-vaccinia immune responses.
Blood samples were collected at multiple time points for quantifying
vaccinia virus DNA in peripheral blood by qPCR. In addition, levels of
30 plasma cytokines and the effects on activated T cells, Tregs, mem-
ory T cells, NK cells, and MDSC were analyzed.
Results
No serious toxicities (> grade 2) were reported. Eight of the 26 sub-
jects reported an AE: self-limiting skin lesions, lasting 7 to 18 days –
an expected reaction to ACAM2000. No infusion-related AEs were
reported. No AEs leading to study discontinuation were reported.
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Viral DNA was detected in all patients immediately following treat-
ment. Interestingly, in 8 patients viral DNA disappeared 1 day and re-
appeared 1 week post treatment, suggesting active viral replication,
possibly at tumor sites. This viral DNA reappearance correlated with
longer survival of these patients. No major increase in cytokine levels
was observed in any of the patients. No correlation between cytokine
levels and pox lesions was noted. Flow cytometry showed gradual
changes suggesting improved immune cell activation status. Tumor
size reduction was documented in several patients.
Conclusions
Treatment with ACAM2000/SVF in patients with advanced solid tu-
mors and AML is safe and well tolerated, with clear antitumor effects
in several patients. These promising initial clinical results merit fur-
ther investigation of therapeutic utility.

Acknowledgements
Boris Minev, MD and Elliot Lander, MD contributed equally to this work.
Ethics Approval
The study was approved by International Cell Surgical Society‘s Ethics Board,
approval number ICSS-2017-004

P610
Transcriptome analysis of CT26 tumors treated with HSV-1
oncolytic virus expressing multiple immune factors
Yanal Murad, PhD1, Jun Ding, PhD1, Erica Lee, PhD1, Dmitry Chouljenko,
PhD1, Luke Bu, MSc1, Guoyu Liu, MSc, MD1, Zahid Delwar, PhD2, Will Liu,
PhD1, Ronghua Zhao, MD1, William Jia, PhD2

1Virogin Biotech. Inc., Vancouver, BC, Canada; 2University of British
Columbia, Vancouver, Canada
Correspondence: William Jia (w.jia@ubc.ca)
Journal for ImmunoTherapy of Cancer 2018, 6(Suppl 1):P610

Background
Oncolytic HSV-1 (oHSV-1) treatment induces a potent immune response
against tumor antigens, which can be augmented once combined with
other immune stimulatory factors. Previously, we have generated an
oncolytic HSV-1 virus (VG161) which carries 2 immunomodulator cyto-
kines, IL12 and IL15/IL15RA1, along with a PD-L1 mimic peptide capable
of blocking PD-1/PD-L1 interaction. These factors work synergistically to
trigger and maintain an efficient anti-tumor immune response in the
tumor microenvironment. In this work, we demonstrate the superior ac-
tivity of the VG161 virus, compared to the back-bone virus (with no
payloads) using a mouse colon cancer tumor model. We also perform a
transcriptome analysis to determine the differential gene expression in
the treated tumors and compare the two treatments.
Methods
We tested the efficacy of VG161 treatment in CT26 mouse model
and examined the differential expression of transcriptome in these
tumors collected 5 days post treatment with VG161 or the corre-
sponding backbone virus. After extracting the RNA from the tumor
samples, we performed RNA sequencing and analyzed differential ex-
pression of genes and compared them between the 2 treatments.
qRT-PCR was used to validate targets identified by RNA sequencing.
Results
In the CT26 model, tumors regressed to undetectable limits upon intra-
tumoral injection with VG161. When the treated mice were challenged
with the same tumor, the tumor cells did not grow. Tumor treated with
VG161 has demonstrated a higher number of tumor-infiltrating CD8 T
cells, which activity against the tumor cells was also demonstrated by
ELISpot assay. Differential expression of 24342 genes was performed
and 18 differentially expressed genes with q-Value <0.05 were identi-
fied. These genes included chemokines and interferon response ele-
ments associated with inflammatory response, along with acute phase
proteins. Some of the overexpressed genes, especially those related IFN
response elements genes were also validated by qRT-PCR.
Conclusions
We have demonstrated by transcriptome analysis that VG161, a novel
oncolytic virus which can induce a strong anti-tumor immunity and
oncolytic activity, can induce multiple genes which result in efficacy
against tumors. The efficacy of VG161 can be partially attributed to
the immune response generated by the modified virus, which is
likely induced by the change in the tumor microenvironment trig-
gered by the VG161 payload. Further work is needed to dissect the
function of each of the differentially expressed genes to understand
the role they play in the regression of cancer upon VG161 treatment.
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Background
Oncolytic poliovirus (OncPV) PVSRIPO is a recombinant, non-
pathogenic polio:rhinovirus chimera that targets cancer cells via CD155.
PVSRIPO also targets antigen-presenting cells (APCs), including den-
dritic cells (DCs) and macrophages. PVSRIPO infection of APCs induces
sustained type I interferon and APC activation (1). In a phase-1 clinical
trial of intratumor PVSRIPO in 61 patients with recurrent glioblastoma
(GBM), the survival rate at 24- months and 36-months was 21% (2). This
study examines the following hypotheses: 1] Intratumor OncPV admin-
istration causes oncolysis and inflammation, which stimulates innate
and adaptive immunity; 2] Immune cell activation in tumor triggers
adaptive immune resistance via the PD1/PDL1 axis; 3] Blocking PD1/
PDL1 in conjunction with OncPV will eliminate adaptive resistance and
potentiate durable antitumor immunity.
Methods
OncPV-mediated immune activation was analyzed in: 1] immunocom-
petent murine models of orthotopic E0771 breast cancer and subcuta-
neous B16 melanoma; 2] human tumor cell lines and primary human
tumor tissue from patients with breast cancer, melanoma and GBM; 3]
human DCs and macrophages. To investigate combination PVSRIPO
and PD1/PDL1 blockade, C57BL6-CD155 transgenic mice were orthoto-
pically implanted with E0771- CD155 tumor cells. Mouse PVSRIPO
(mRIPO) was injected intratumorally once in 50-100 mm3 tumors.
Checkpoint antibodies were injected intraperitoneally 1-day post-
mRIPO, 4-6 times every 3 days. Tumor growth was monitored.
Results
Intratumor mRIPO induced recruitment of immune cells (Figure 1), a
classical acute inflammatory response and systemic antitumor cytotoxic
T cell responses (1). Tumor infiltrating CD8/CD4 T cells demonstrated
an effector phenotype and expressed PD1 (Figure 2). Infection of pri-
mary human tumors with PVSRIPO induced Stat1-p, IFIT1 and PDL1 ex-
pression and production of pro-inflammatory cytokines (Figure 2).
Infection of human tumor cell lines with PVSRIPO induced PDL1 expres-
sion (Figure 2). PVSRIPO-infected primary human DCs and macro-
phages demonstrated sustained activation and PDL1 expression.Based
on these data we investigated combination PVSRIPO with PD1/PDL1
blockade in murine breast cancer model. mRIPO, anti-PD1/-PDL1, and
mRIPO+anti-PD1/-PDL1 significantly inhibited tumor growth compared



Fig. 2 (abstract P612). See text for description

Journal for ImmunoTherapy of Cancer 2018, 6(Suppl 1):115 Page 331 of 398
to PBS. There were no significant differences in tumor growth inhibition
between mRIPO and anti-PD1/-PDL1 monotherapies. Combination
mRIPO+PD1/PDL1 blockade was significantly more effective than the
monotherapies alone at controlling tumor growth.
Conclusions
We demonstrate that OncPV-mediated adaptive immune resist-
ance involves the PD1/PDL1 axis and is mitigated by combining
OncPV with anti-PD1/-PDL1 in murine breast cancer model. We
are currently investigating PVSRIPO- mediated local and systemic
immune bioactivity in women with triple-negative breast cancer
and planning a trial of PVSRIPO with anti-PDL1 in women with
breast cancer.
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Background
Immunotherapy for cancer has had clinical success in recent years,
with adoptive cell therapies and checkpoint blockade inducing long-
term regression in an unprecedented subset of patients. Despite suc-
cess, a significant fraction of patients are resistant to immunotherapy,
prompting investigation into alternative strategies to initiate anti-
tumor immunity. One approach that has had clinical impact is the
intratumoral administration of oncolytic viruses, such as the recently
FDA-approved T-VEC. While oncolytic viruses have shown efficacy in
promoting cell lysis, tumor cell antigen release, and ultimately initiat-
ing an anti-tumor CD8+ T cell response, little is known regarding the
impact of non-oncogenic, non-oncolytic viruses on tumor growth
and immunity. Therefore, we sought to characterize the impact of in-
fluenza, a non-oncolytic virus, on tumor growth and initiation of anti-
tumor immune responses in a B16 murine melanoma model.
Methods
C57BL/6 mice were challenged with 120,000 cells B16 F10 intravenously
to allow for development of melanoma foci in the lungs. Five days fol-
lowing tumor challenge, mice were administered 1 × 106 pfu of A/PR8/
H1N1 influenza intranasally. Body weight was recorded every 2-3 days to
assess the health of influenza-infected mice. Tumor size was monitored
every 2-3 days via caliper measurement. Mice receiving PD-1 blockade
were treated with 250 μg α-PD-1, or isotype control antibody, every 3
days. Mice were sacrificed at days 7 and 14 after tumor challenge; tissues
were harvested for flow cytometry and LEGENDPlex™ analysis.
Results
Mice concomitantly challenged with influenza and melanoma in the
lungs exhibited a decrease in the number of melanoma foci in the
lungs, relative to that observed in influenza-naïve counterparts
(p<0.05). Synergy between influenza infection and checkpoint block-
ade was observed; influenza-infected tumor-bearing mice treated
with PD-1 blockade exhibited the lowest tumor burden of all groups.
Influenza-infected, melanoma-bearing mice exhibited a significantly
higher proportion of gp100-reactive (anti-tumor) CD8+ T cells in the
lungs, than that observed in uninfected controls (p<0.05). PD-1
blockade-treated influenza-infected mice exhibited an elevated pro-
portion of anti-tumor CD8+ T cells relative to counterparts adminis-
tered an isotype control antibody. Furthermore, LEGENDPlex™
analysis revealed an elevation in the pro-inflammatory cytokine IL-12
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(p40) in the lungs of infected mice, compared to that observed in
influenza-naïve, tumor-bearing mice, and that of influenza-infected
mice without tumors.
Conclusions
Our results suggest that a non-oncogenic, non-oncolytic viral in-
fection, influenza, can induce reduction of tumor growth and
generation of anti-tumor immunity when administered at the site
of a tumor. Further research will address potential therapeutic im-
pact in humans.
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Background
Nano-Pulse Stimulation (NPS™) is a non-thermal, precise, focal tissue
treatment technology comprised of nanosecond (billionth of sec-
ond)-range pulsed electric energy that directly affects the cell mem-
brane and intracellular structures, and initiates regulated cell death
in treated cells. NPS has been shown in preclinical models to induce
immunogenic cell death (ICD) which exposes the unique antigens of
the treated cells to the immune system and recruits immune system
cells to mount an adaptive immune response [1, 2, 3].
Methods
Two syngeneic murine tumor models (B16-F10 melanoma and 4T1
mammary carcinoma) were used to investigate NPS effects on murine
tumors. Tumor cells were injected intradermally on the left flank and
when tumors reached 4-5 mm in diameter, we treated with NPS. Tumor
volume measurements were conducted twice per week and tumors
were excised at predetermined timepoints for immunophenotyping of
tumor-infiltrating immune cells by flow cytometry and gene expression
profiling using NanoString. Splenocytes were also evaluated for re-
sponses to tumor cell stimulation by IFN-gamma ELISpot.
Results
NPS-treated tumors undergo regulated cell death and are eliminated
within 2 weeks providing complete local control. In addition, ELISpot
analysis of splenocytes indicates that NPS initiates an immune response
to the treated tumor by 4 weeks after treatment. Gene expression pro-
filing of NPS-treated tumors revealed that transcripts for specific intrin-
sic apoptotic pathways, damage-associated molecular patterns
(DAMPs) and immune mediators increase 24 h after NPS treatment.
Splenocytes from tumor-bearing animals treated with NPS have greater
IFN- gamma-secreting cells compared to naive or resected animals in
response to co-culture with tumor cells. Studies to determine the opti-
mal conditions for NPS treatment are underway.
Conclusions
NPS is a physical modality that targets intracellular structures to trig-
ger regulated cell death in the treated tumor cells. Our studies indi-
cate that this treatment initiates endoplasmic reticulum stress and
immunogenic cell death (ICD) that leads to a tumor-specific immune
response.
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Background
Vaccinia virus (VV) has proven to be a powerful oncolytic vector
thanks to its large spectrum of tumor cell targets, large genome cap-
acity, good safety properties, and strong immunogenic properties.
We have developed an improved VV-based platform in the
Copenhagen strain, with a double deletion in the J2R/TK, and I4L/RR
genes, that displays a very high therapeutic index (over 104), com-
patible with the intravenous route. VVTK-RR- can be genetically
modified to express full-length monoclonal antibodies, and add-
itional cytokines, at the site of active viral replication and accumula-
tion, i.e. directly in the tumor. Thus, checkpoint blockers can be
targeted to boost the immune response locally initiated by the onco-
lytic activity. Moreover, the benefit of vectorizing a mAb would be to
diminish the severe side effects reported for some systemic adminis-
tration, and to increase the intratumoral antibody concentration to
maximize the probability of efficacy. Our first products addressed the
two major inhibitory pathways : a VV-anti-PD-1 to restore the activity
of infiltrated effector T cells, and a VV-anti-CTLA-4 to selectively de-
plete intratumoral regulatory T cells via ADCC.
Methods
Mice bearing syngeneic tumors were treated with oncolytic VV either
alone or in combination with immune checkpoint inhibitors (anti-
mCTLA4, and anti-mPD1). In the POC experiment, the anti-mPD1 was
vectorized in VVTK-RR- as two independent cassettes at the J2R locus
expressing the light and the heavy chains under strong viral pro-
moters. The level of expression of the vectorized mAb was monitored
over time after intra-tumoral injection and in blood stream of tumor-
bearing mice.
Results
Combination experiments in immunocompetent preclinical models
demonstrated that oncolytic VV and ICI can have at least additive
anti-tumoral activities if administrated sequentially (i.e. VV first and
ICI several days later). The vectorization of a mAb allowed its intratu-
moral expression with a kinetics that mimicked the schedule of ad-
ministration of the combination (peak of tumor accumulation at days
3-5). The expression lasted for several days after administration of
the virus, allowing for a similar anti-tumoral activity as repeated ad-
ministrations of the reference mAb. Finally, unlike the combination,
the vectorization resulted in a minimal systemic exposure to the ICI.
Conclusions
Vectorization in an oncolytic VV allows the intratumoral delivery of
an active doses of therapeutic antibody. This recombinant platform is
particularly relevant for ICIs with unfavorable toxic profiles such as
anti-CTLA4 mAb. BioInvent and Transgene are currently developing
the next generation of oncolytic viruses by arming VV with Fc−opti-
mized anti-CTLA4 mAbs.
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Background
Immunotherapy has shown impressive clinical responses, but many
patients do not respond to single modality immunotherapy due to a
number of non-redundant resistance mechanisms. Our lab and
others have proposed that tumor cells compromise T cell function by
generating a metabolically inhospitable microenvironment, suggest-
ing that immune or tumor metabolism can be differentially modified
to improve T cell responses and thus immunotherapy.
Methods
We identified the adipokine leptin as a means to remodel the meta-
bolic state of tumor infiltrating T cells. To assess the effects of lep-
tin in the tumor microenvironment, we generated an aggressive
PTEN/BRAF melanoma line overexpressing leptin, as well as an
oncolytic strain of Vaccinia virus engineered to induce tumor-
specific secretion of leptin.
Results
Treatment of T cells with leptin in vitro resulted in dramatic meta-
bolic reprogramming. In vivo, intratumoral administration of leptin
resulted in enhanced T cell metabolic and effector function. We then
engineered melanoma cell lines to locally secrete leptin. While there
was no proliferation difference between wild-type and leptin- ex-
pressing tumor cells in vitro, these cells are controlled in vivo in a
CD8+ T cell specific manner. Leptin overexpressing tumors have in-
creased T cell infiltration compared to control tumors, and these TIL
are metabolically and functionally superior. In order to translate out
findings to a therapeutic setting we utilized an oncolytic virus model.
Oncolytic viruses are an attractive therapeutic modality promoting
tumor specific killing as well as inducing an anti-tumor immune re-
sponse. While wild-type oncolytic Vaccinia resulted in some tumor re-
gression, leptin-engineered Vaccinia had superior therapeutic efficacy
inducing complete regressions in 30% of mice. TIL from these tumors
have improved T cell infiltration and function. We profiled immune
infiltrates by single cell RNAseq and TCR sequencing. Data revealed
the influx of new T cells by vaccinia which was characterized by a
polyclonal repertoire. On the other hand, T cells from tumors treated
with leptin-expressing virus showed a reduced polyclonal phenotype
indicative of specific clonal expansion. This clonal expansion is asso-
ciated with a more memory like state, and indeed leptin-engineered
VV induced a greater percentage of CD127hi memory precursors
than the oncolytic VV alone.
Conclusions
Taken together, these data suggest metabolic modulators like leptin
can be therapeutically exploited to bolster intratumoral T cell func-
tion using the oncolytic virus platform. Our goal is to further design
novel therapeutic strategies using oncolytic viruses.
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Background
Different types of viruses, including vaccinia virus (VACV), can se-
lectively replicate in cancer cells and trigger antitumor immunity.
Oncolytic virotherapies, as a monotherapy or in combination with
other immunotherapeutics, have shown safety and exciting proof-
of-concept results in pre-clinical studies as well as in different
clinical trials. The therapeutic potential of oncolytic viruses, how-
ever, can be severely restricted by multiple innate and adaptive
immune barriers that can be overcome using cell-based delivery
approaches. Mesenchymal stem cells are particularly attractive
carriers of oncolytic viruses due to their unique immunosuppres-
sive properties allowing protection of the virus from comple-
ment/antibodies-mediated neutralization and to overcome anti-
viral cellular immunity in both autologous and allogeneic settings
Methods
As carriers of oncolytic VACV, we used cells a) freshly isolated from
adipose tissue stromal vascular fraction (SVF), and b) SVF-derived cul-
tured Adipose-Derived Mesenchymal Stromal/stem Cells (AD-MSC).
We analyzed the ability of those carrier cells to take up, protect, amp-
lify the virus as well as to overcome innate and adaptive immune
barriers by flow cytometry, microscopy and virus plaque assays of
ex vivo co-cultures of cells infected with VACV in the presence of hu-
man serum or peripheral blood mononuclear cells from healthy do-
nors. Comparative analyses were performed to establish statistically
significant correlations.
Results
We have demonstrated that autologous SVF cells did protect VACV
against serum-inactivation. Cell sorting demonstrated that supra
adventitial-adipose stromal cells (SA-ASC; CD235a-/CD45-/CD34
+/CD146-/CD31-), and pericytes (CD235a-/CD45-/CD34-/CD146
+/CD31-) were the two cell populations of SVF cells that were effi-
cient facilitating the delivering of VACV to the tumor cells, validating
their clinical use as a tool to potentiate oncolytic virus therapies in
autologous settings. We further analyzed the potential of using cul-
tured AD-MSC (derived from CD34+ SA-ASC) as a delivery vehicle in
allogeneic settings. AD-MSCs demonstrated ability to protect against
serum-inactivation as well as to amplify the virus in the presence of
human PBMCs in both autologous and allogeneic settings. This activ-
ity can be linked to their intrinsic immunosuppressive properties and
the evasion of allogeneic rejection. Moreover, these cells demon-
strated ability to provide transient immunosuppression by inhibiting
antiviral responses originating from both innate (NK)- and adaptive
(T)-immune cells, thus augmenting viral oncolysis and the generation
of anti-tumor immunity.
Conclusions
Overall, our findings indicate the feasibility to significantly potentiate
oncolytic virotherapy by using either a simple autologous or a more
scalable off-the-shelf allogeneic cell-based delivery technology allow-
ing rational design of virus-based therapies that are not dramatically
eliminated by immune barriers.
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Background
Emerging research has established the role of exosomes as an effi-
cient natural messenger system to deliver macromolecules between
cells. We have leveraged this capacity to develop a novel, engineered
exosome therapeutic, to selectively deliver agonists of the Stimulator
of Interferon Gene (STING) pathway to tumor resident antigen pre-
senting cells (APC).
Methods
ExoSTING is composed of exosomes, which are molecularly engi-
neered to over-express an exosomal membrane glycoprotein, and
which are loaded ex vivo with a STING agonist (SA).
Results
In vitro assays with human PBMCs showed ExoSTING enhanced the
potency of dendritic cell and monocyte activation and IFN_beta
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production by 100-fold compared to comparable amounts of free SA.
Although liposomal formulated SA also improved potency, it resulted
in dose-dependent loss of viability in APC. Intra-tumoral micro- dosing
of ExoSTING with the CIVO® platform demonstrated selective activation
of pTBK1 and pIRF3 in APC resulting in superior IFN_beta production
compared to free SA. Anti-tumor activity of Exo-STING and free SA was
compared in a checkpoint therapy refractory B16F10 tumor model.
Intra-tumoral (IT) administration of ExoSTING resulted in 500-fold en-
hancement in potency versus free SA, with dose-dependent anti-tumor
activity resulting in tumor cures in 50% of the mice in the highest
(0.2μg) ExoSTING dose cohort. ExoSTING treated mice were refractory
to re-challenge with B16F10 demonstrating the presence of an immune
memory response. IT administration of efficacious doses of ExoSTING
stimulated robust IFN_gamma but did not result in systemic induction
of inflammatory cytokines as seen with an efficacious dose of free SA.
ExoSTING IT treatment induced IFNγ regulated genes, PD-L1 and che-
mokines responsible for T-cell recruitment in the tumor, resulting in sig-
nificant systemic induction of tumor antigen-specific T cell response.
Conclusions
ExoSTING affords selective agonism of the STING pathway in tumor
resident APC that results in improved potency, reduced systemic tox-
icity and enhanced T-cell responses, and highlight the potential of
our exosome engineering technology as an impactful therapeutic
platform.
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Background
There has been an exponential proliferation in the direct intratumoral
(IT) delivery of a range of immunotherapies (IMT), ranging from cell-
based therapies to viruses, bacteria, cytokines, and monoclonal anti-
bodies. In this study, we report our single institutional experience
with IT injections in the investigational, off-label, and standard-of-
care settings in patients with solid tumors.
Methods
All patients who underwent image-guided IT delivery of IMT agents
by Interventional Radiology over a 2 year period (Jan 2016 –18) were
included in this single institution retrospective analysis. Lesion char-
acteristics (size, location, concomitant biopsy) were recorded. Injec-
tion technique and adverse events related to needle insertion vs.
drug delivery were identified by chart review.
Results
66 patients underwent 429 image-guided IT investigational agent in-
jections; malignancies included melanoma (50%), sarcoma (21%),
ovarian cancer (4.5%), breast cancer (3%) and colon cancer (3%), and
other (18.5%). Additionally, 18 patients (9 cutaneous melanoma pa-
tients as standard-of-care, 9 uveal melanoma patients as off- label
use) underwent 113 image-guided IT injections of TVEC. A tracer and
fanning methodology was employed to optimize distribution within
the lesion when using a single end-hole beveled needle. The median
number of encounters per patient was 6 (range: 1-20) in the investi-
gational setting and 5 (range: 1-17) for TVEC. Subcutaneous lesions
represented 62% and 100% of injected tumors in the investigational
and TVEC patients, respectively. Visceral lesions in deeper locations
and solid organs were also injected: pelvic (6.7%), abdominal (6.2%),
intramuscular (6.2%), adrenal (4.3%), liver (3.7%), and lung (2.4%)
(Figure 1). The median target lesion tumor volume was 6.4cc (range:
0.1 – 984cc) in investigational patients and 3.5cc (range: 0.2 – 250cc)
in TVEC patients. There were no adverse events related to needle in-
sertion. However, serious adverse events NCI CTC >3 including dys-
pnea and rigors developing within 90 minutes of the injection and
requiring hospitalization occurred following 2.4% of investigational
agent and 3.5% of TVEC injections. NCI CTC AE<3 including allergic
reactions that did not require an escalation of care occurred in 3.4%
of clinical trial patients and 0.9% of TVEC patients.
Conclusions
Initial observations indicate that image guided IT injections of a variety of
IMT agents are feasible for both subcutaneous as well as deeper, visceral
organ-based lesions. Immediate post delivery anticipated adverse events
occur in a small minority of instances. Performing physicians should have
the necessary safeguards in place to respond as needed. Moreover, ef-
forts to standardize drug delivery techniques may also be required.
Ethics Approval
This study was approved by our institution’s Ethics Board; approval
number PA18-0650.
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Background
Toca 511 (vocimagene amiretrorepvec) is an investigational, condi-
tionally lytic, retroviral replicating vector that selectively infects can-
cer cells due to specificity for dividing cells combined with the
immune-suppressed tumor microenvironment. Toca 511 spreads and
stably delivers optimized yeast cytosine deaminase (CD) that con-
verts subsequent Toca FC (an investigational, extended-release ver-
sion of 5-fluorocytosine [5-FC]) into 5-fluorouracil (5- FU). 5-FU kills
infected dividing cancer cells and, in preclinical models, local im-
munosuppressive myeloid cells leading to therapeutically active anti-
tumor immunity. A similarly derived antitumor response may occur
in cancer patients, as local injection of recurrent high grade gliomas
with Toca 511 followed by treatment with Toca FC has been associ-
ated with prolonged survival and durable complete responses (me-
dian duration of follow-up for response: 37.4+ months); responses
were delayed in onset, consistent with an immunological mechan-
ism. Not all patients responded and, clinically, only portions of the tu-
mors were infected. These data led to the currently enrolling phase
III trial (NCT02414165). To model submaximal infections, and look for
clinically-compatible synergistic treatments, we implemented a novel
preclinical model. We used this model system to test the immuno-
stimulatory and antiangiogenic properties of cyclophosphamide fol-
lowing a metronomic/low dose regimen and its previously reported
ability to cross the blood-brain-barrier, in a combination therapy.
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Methods
Naive B6C3F1 mice were implanted in the right flank with a mouse
glioma cell line Tu-2449SQ that has been adapted to grow subcuta-
neously. Tu-2449SQ cells were first 100% infected in vitro with Toca
511 or a sister vector that expresses GFP (Green Fluorescent Protein)
instead of CD. In order to control Toca 511 spread, these cells were
then admixed at various percentages as Toca 511 does not readily in-
fect cells already infected with the GFP virus. Controlling the percent
of Toca 511-infected tumor cells allows the screening of potential
drugs combinations for efficacy.
Results
We show a significant survival benefit with metronomic cyclophos-
phamide compared to controls with only 10% of tumor cells infected
with Toca 511. This survival benefit is associated with a significant
depletion of peripheral Tregs and increase in CD8+ T cells.
Conclusions
These data demonstrate that Toca 511 and 5-FC therapy can be com-
bined with metronomic chemotherapeutics like cyclophosphamide
to enhance efficacy in preclinical models when the percent of Toca
511-infected tumor cells is manipulated to be submaximal. Data from
this study will inform future clinical development of Toca 511 & Toca
FC in combination with other therapies.
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Background
Local administration of immunotherapies to the tumor microenviron-
ment provides the opportunity to stimulate innate and adaptive immune
responses against tumors, while avoiding toxicities related to systemic
administration of immuno-modulatory therapeutics. Current strategies
for tumor-targeted, gene-based delivery of immune therapies face limita-
tions in the clinic due to suboptimal target expression, anti-vector im-
munity, or the potential for unwanted genomic rearrangements.
Methods
We examined the intratumoral administration of synthetic mRNA en-
coding immunomodulatory cytokines to provide sustained in vivo
protein translation localized to the tumor microenvironment and lim-
iting adverse effects associated with systemic administration of re-
combinant cytokines. Using iterative rounds of in vivo screening in
murine syngeneic tumor models, a mixture of four synthetic mRNAs
encoding bioactive versions of interleukin-12, interferon alpha, GM-
CSF and interleukin-15 was identified which mediated complete
tumor regression across multiple different tumor models.
Results
Mechanistically, maximal anti-tumor activity of cytokine mRNAs was
associated with multiple immune populations including CD4+ and
CD8+ T cells as well as NK cells. Localized administration of cyto-
kine mRNA was accompanied by robust intratumoral induction of
interferon gamma, systemic expansion of antigen-specific T cells
and increased granzyme B positive CD8+ T cell infiltration. Im-
munological memory to both dominant and subdominant antigens
was formed that protected long-term survivors from re-challenge
with autologous tumors. Importantly, although cytokine mRNAs
were administered locally, anti-tumor activity extended beyond the
injected tumor to effectively control the growth of distant tumors
in both a dual-tumor model and in an experimental lung metastasis
model. Finally, the combination of mRNAs encoding interleukin-12,
interferon alpha, GM-CSF and interleukin-15 cytokines with immu-
nomodulatory antibodies enhanced the anti-tumor response in
both injected and uninjected tumors leading to improved overall
survival and higher incidence of complete tumor regressions across
several preclinical models.
Conclusions
In summary, the robust and versatile synthetic mRNA platform re-
ported herein was used to identify multi-modal localized cancer im-
munotherapy with broad anti-tumor activity against treated and
untreated tumors.
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Background
INT230-6 is a novel formulation of cisplatin and vinblastine with an
amphiphilic cell penetration enhancer designed specifically for intra-
tumoral administration. It is designed to improve dispersion through-
out tumors and facilitate diffusion specifically in cancer cells while
sparing healthy cells. In colon 26 animal models, injection into large
primary lesions led to substantial tumor necrosis, recruitment of den-
dritic cells, and engagement of CD4 and CD8 T- cells. Injected tumors
experienced high rates of complete response (up to 80%). Import-
antly, untreated lesions, distal to the injection site, responded and CR
animals developed protection from re-challenge. Tumor growth con-
trol in injected and bystander tumors and survival improved signifi-
cantly when INT230-6 was combined with checkpoint inhibitors.
Methods
This study is a phase 1/2 evaluation of multiple doses of INT230-6
injected into ≥ 1 superficial or deep tumor(s). The initial cohort
treated superficial lesions at low dose once a month x 5. Upon estab-
lishing safety, subsequent sequential cohorts opened including a
deep tumor cohort of once monthly injections, a superficial cohort of
every 2 week dosing, and a cohort treating both deep and superficial
tumors every 2 weeks utilizing a higher drug volume and dose load.
A multiprong needle was utilized for injecting large tumors. Pharma-
cokinetic (PK) and pharmacodynamics (PD) samples (for flow cytome-
try and circulating cytokines) were collected.
Results
Fifteen heavily pretreated subjects have been dosed. Median age
was 59 (46-72), ECOG 0:1 2:13, 87% Caucasian, 67% Female. 7/15
Subjects had received prior checkpoint antibodies. Cancer types in-
clude melanoma, SCC, ovarian, chordoma, cholangiocarcinoma, sar-
coma, rectal, thyroid and H&N. Dosing has been into single or
multiple lesions. PK analysis reveals negligible amounts of cisplatin
and vinblastine in blood, suggesting the majority of INT230-6’s active
agents are retained in the tumor (consistent with no observable sys-
temic AE’s). No DLTs or drug-related SAEs were reported. The most
frequent adverse events were low grade pain (26% of patients) and
swelling/edema (20%). Many injected tumors showed visible necrosis
or decreased contrast uptake. Patients dosed every two weeks
remained on treatment longer than those treated once a month. 5
out of 11(45%) evaluable patients had increases in circulating CD8+
T-cells, of these 60% also had increases in circulating CD4+ T-cells.
Conclusions
INT230-6 is safe when administered intratumorally at doses given to
date. Updated results will be presented, including biomarker and
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response data. Additional planned cohorts include higher drug con-
centrations and combination with an anti-PD1 antibody.
Trial Registration
NCT: 03058289
Ethics Approval
The study was approved by Fox Chase Cancer Center, USC, John's
Hopkins, and Princess Margaret Cancer Centers Institutution‘s Ethics
Boards
Consent
Written informed consent was obtained from the patient for publica-
tion of this abstract and any accompanying images. A copy of the
written consent is available for review by the Editor of this journal.
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Background
Cancer patients who lack tumor infiltration by T cells are poorly re-
sponsive to immune checkpoint blockade (ICB), prompting efforts to
identify immunomodulating strategies to convert T cell-poor into T
cell-rich tumors. The oncolytic peptide LTX-315 perturbs the mito-
chondrial membrane of cancer cells, culminating in the induction of
immunogenic cell death (ICD) [1]. Recruitment of XCR1+ dendritic
cells (DCs) to the tumor is critical for priming of anti-tumor CD8+ T
cells following induction of ICD, and this process can be regulated by
natural killer (NK) cells [2]. Here, we tested the interaction of focal
radiotherapy (RT) with LTX-315 and their ability to trigger local and
systemic anti-tumor immune responses.
Methods
BALB/c mice were injected subcutaneously with syngeneic 4T1 tumor
cells, a mouse model of triple-negative breast cancer that spontan-
eously metastasizes to the lung. When average tumor volume
reached 70 mm3, mice were randomized and treated on three con-
secutive days with: [1] LTX-315 (0.3 μg) or [2] saline (both intratumo-
rally), [3] 8 Gy focal RT, [4] LTX-315+RT. Some mice were sacrificed 6
days after treatment for analysis of lymphocytes and DCs in primary
tumors and lungs. Remaining mice were followed for tumor growth,
and lung metastases were evaluated 23 days after treatment
initiation.
Results
Monotherapy with LTX-315 significantly inhibited tumor growth
(p<0.001) and there was a trend towards improved tumor growth in-
hibition achieved by RT. Lung metastasis were significantly reduced
only in mice treated with the combination of RT+LTX-315 (17±12.8 in
mock-treated v. 1.5±1.2 in mice treated with LTX-315+RT, p<0.05).
The percentage of XCR1+ DCs was increased in the tumor of mice
treated with LTX-315+RT compared to mice treated with saline, LTX-
315 alone or RT alone (8.4±2.4% in LTX-315+RT (p<0.05) v. 4.2±0.4%
in RT v. 5.7±0.8% in LTX-315 v. 4.1±0.7% in mock-treated). Interest-
ingly, LTX-315 enriched NK cells among leukocytes in both primary
tumors and whole lung (tumor: 1.1±0.3% in mock-treated v. 3.5
±1.2% in LTX-315 (p<0.01), lung: 2.1±0.3% in mock-treated v. 5.1
±0.4% in LTX-315 treated (p<0.0001).
Conclusions
In conclusion, our data show that local LTX-315 therapy delays tumor
growth and potentiates systemic anti-tumor effects in combination
with RT. Importantly, LTX-315 cooperates with RT to promote tumor
infiltration by XCR1+ DCs, which are essential for induction of anti-
tumor immunity. LTX-315-driven enrichment of NK cells in tumors
and lungs from tumor-bearing mice may play an important role in
systemic tumor control. LTX-315 represents a promising agent for
the treatment of patients with poorly immunogenic and metastatic
cancers.
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Background
Engagement of both the innate and adaptive arms of the immune sys-
tem has been shown to be critical in generating an efficacious anti-tumor
immune response. Recent studies demonstrate that activation of the
stimulator of interferon genes (STING) pathway plays an essential role in
initiating anti-tumor immunity through activation of antigen presenting
cells (APCs), production of type I interferon and subsequent T cell priming
and tumor-specific T- cell-responses. Bacteria may provide an ideal mech-
anism for STING activation as they can be deployed within the tumor
microenvironment (TME), are engulfed by APCs and activate parallel path-
ways of innate immunity that may potentiate the interferon response.
Methods
Using synthetic biology we introduced an anaerobically inducible di-
nucleotide cyclase gene into our probiotic chassis, E. coli Nissle (EcN), to
generate a bacterial strain capable of efficient production of the STING
agonist cyclic-di-AMP (CDA) in response to the hypoxic TME, which we refer
to as SYN-STING. We then employed a suite of cell-based assays and mouse
tumor models to evaluate the activity of SYN-STING in vitro and in vivo.
Results
In in vitro assays, SYN-STING generated high levels of CDA and trig-
gered expression of IFN-beta when co-cultured with both mouse and
human APCs. In syngeneic tumor-bearing mice, intra-tumoral adminis-
tration of SYN- STING resulted in an early rise of innate cytokines which
later shifted towards molecules indicative of an effector- T-cell re-
sponse. These pharmacodynamic changes correlated with increased
immune infiltrate, robust anti-tumor responses and complete tumor re-
gressions. We also observed increased tumoral innate cytokine levels
and anti- tumor activity in response to treatment with the un-
engineered EcN, supporting that our bacterial chassis itself is able to
stimulate innate immunity in the TME, and this feature is further poten-
tiated by arming it with STING agonist. Additionally, mice that exhibited
complete regressions in response to SYN-STING treatment demon-
strated long-term immunological memory when re-challenged with
tumor cells >40 days post tumor eradication. Finally, administration of
SYN-STING, singly or in combination with antibodies targeting co-
stimulatory molecules, led to abscopal effects with significant anti-
tumor activity observed in both injected and non-injected lesions.
Conclusions
Taken together, these results demonstrate that a Synthetic Biotic
medicine designed to specifically deliver STING agonist locally within
the TME leads to significant anti-tumor activity, systemic immunity
and long-term immunological memory in mouse tumor models.
Moreover, the ability of our platform to engage multiple innate im-
mune pathways simultaneously further supports the development of
Synthetic Biotic medicines for cancer- immunotherapy in humans.



Journal for ImmunoTherapy of Cancer 2018, 6(Suppl 1):115 Page 337 of 398
Other

P625
Outcomes with first-line PD-1/PD-L1 inhibition in advanced
urothelial cancer (UC): A single institution experience
Arjun Balar, MD1, Miles Hsu, BS2, Yuhe Xia3, Andrea Troxel, PhD3, Daniela
Delbeau, RN3, Kaitlyn Francese, RN3, Dayna Leis, RN3, Deneuve
Shepherd3
1Perlmutter Cancer Center - New York Univ, New York, NY, USA; 2NYU
School of Medicine, New York, NY, USA; 3NYU Langone Health, New
York, NY, USA
Correspondence: Arjun Balar (arjun.balar@nyumc.org)
Journal for ImmunoTherapy of Cancer 2018, 6(Suppl 1):P625

Background
First-line PD-1 checkpoint inhibition (CI) in cisplatin-ineligible ad-
vanced UC represents a new treatment standard based on single
arm trials [1,2], leaving uncertainty regarding role of chemotherapy.
Describing utilization and corresponding outcomes with second-line
treatment will provide guidance in this new sequence. We present
the outcomes of these patients treated at our institution.
Methods
43 patients with advanced UC received 1st-line CI from 6/2014 – 6/
2018 on or off protocol. Clinical, laboratory and imaging data within
30 days of 1st-line initiation were gathered and clinical outcomes
were analyzed including response by RECIST v1.1 and survival (OS).
Disposition and treatment post- CI were also analyzed. Clinical out-
comes were analyzed for the entire study population as well as
known prognostic subgroups. A multivariable analysis was used to
determine the prognostic value of baseline factors, and a log rank
test was used to compare outcomes in prognostic subgroups.
Results
43 patients were treated with 1st-line CI (atezolizumab or pembroli-
zumab) from 6/2014 until 6/2018. Median age was 77 (range 34 -
89), (74% male) (26% prior BCG), (60% visceral metastases, 19% liver),
(reason for cisplatin ineligibility: ECOG PS =2 30%, Impaired renal
function 44%, both 21%). ORR to first-line CI was 30.2% (95% CI 28%
– 32%), CR 14%. Median OS and PFS was 11.7 mos (95% CI 7.6 –
19.8) and 3.0 mos (95% CI 2 - 11.2), respectively (median follow up
11.7 mos). OS was negatively correlated with visceral metastases at
baseline. Of 29 patients who progressed, 17 received 2nd-line treat-
ment (71% chemotherapy (most commonly Gem/Carbo (10 pts)) or
29% immunotherapy). Patients on chemotherapy had an RR of
38.46% while those on immunotherapy had an RR of 20.0%. Com-
bined, 2nd-line treatment resulted in a median OS of 6.2 months
(95% CI of 2.9-12.66), an ORR of 11.1% (95% CI of 8.0% to 15.0%) and
an RR of 33.3% (95% CI of 28% - 39%).
Conclusions
In our single institution experience, OS and ORR with 1st-line CI are
similar to outcomes reported in single arm trials. RR to 2nd-line
chemotherapy is comparable to historical rates with gem/carbo in
the first-line, however 12 of 29 progressing patients did not receive
2nd-line treatment, highlighting the importance of patient selection
for first- line CI. Outcomes by PD-L1 status will be presented.
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Background
Chimeric Antigen Receptor (CAR) T cells expressing the fusion of the
NKG2D protein with CD3ζ (termed CYAD-0 cells) acquire a specificity
for eight ligands, the UL16 Binding Protein 1-6 (ULBP1-6) and MHC
class I chain- related A and B (MICA and MICB). These stress-induced
ligands are expressed on multiple cancers, while they are absent
from most normal tissues, rendering them an interesting target for
cancer therapy. However, these stress ligands are also transiently
expressed by activated T cells, implying that CYAD-01 cells may
undergo self-killing (fratricide) during production. Since NKG2D po-
tentially targets eight individual ligands, genetic editing to avoid T
cell fratricide is currently challenging. Therefore, alternative strategies
are required to enable the production of CYAD-01 CAR-T cells.
Methods
CYAD-01 cells were manufactured by isolating PBMCs from healthy
donors and activating the T cells with IL-2 and OKT3 for 2 days. Cells
were then transduced with the CAR construct (or control truncated
CD19) for two days and expanded for an additional 4-6 days. The
broad Phosphoinositol-3-Kinase inhibitor (LY294002) was added fol-
lowing the two-day transduction. Alternatively, or in combination,
blocking anti-CD314 antibody was added at the expansion phase.
Results
The first approach to inhibit NKG2D-mediated fratricide focused
upon the inclusion of LY294002 into the production process. A
second strategy involved the inclusion of antibody blockade of
NKG2D itself. Both processes impacted T cell fratricide, albeit at
different levels. The antibody process was the most effective in
terms of cell yield, with a T cell phenotype closely resembling the
control condition, while the LY294002 process impacted both T
cell proliferation and T cell phenotype. Nonetheless, both ap-
proaches generated highly potent CYAD-01 cells. Interestingly, the
differing T cell populations could be tweaked through the phased
combination of LY294002 and blocking antibody into a single
process. The combined approach led to a high yield of potent
CYAD-01 CAR T cells. CYAD-01 CAR T cells are currently part of the
phase I THINK clinical trial (NCT03018405) where clinical objective
responses have been observed.
Conclusions
These results indicate that target-driven fratricide can be overcome
using clinically relevant approaches where technologies such as
gene-editing may be more challenging.
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Background
The success of personalized medicine hinges on translating the bio-
logical complexity of a disease into actionable information. To
achieve this goal, high-content data generation and analysis is
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required, covering both the detection of biomarkers as well as under-
standing their spatial interaction. In the case of oncology, understand-
ing the protein expression profile in the tumor microenvironment is
the basis for the development of new and improved translational re-
search and future companion diagnostic tools. To enable this effort,
multiplex immunohistochemistry (mIHC) methods have been estab-
lished to provide insights into a wide number of markers of interest
and their spatial context in a single sample. We have developed a fully
automated approach to enable high-multiplexing detection of protein
markers in tumor samples using an integrated workflow compatible
with a range of autostainers and fluorescence whole slide scanners.
Methods
UltiMapper reagent kits were used to stain formalin-fixed, paraffin-
embedded (FFPE) samples from human tonsil and primary tumor bi-
opsies on automated staining platforms such as the Leica BondRX
autostainer. The kits contain a cocktail of primary antibodies of inter-
est, modified with unique, addressable DNA barcodes, applied to tis-
sue samples in a single staining step. A cocktail of fluorescently
labeled oligonucleotides is then used to tag the targets of interest
for multiplexed imaging. Images were acquired using commercially
available fluorescence whole slide scanners and analyzed using the
Indica Labs HALO software.
Results
The UltiMapper kits alleviate lengthy assay development efforts by
offering a convenient, optimized assay kit with a simplified work-
flow. The staining workflow includes a single staining step for all
targets which eliminates the need to optimize staining order and
solves issues of tissue damage during cyclical staining steps. Fully
automated staining protocols were developed on autostainers to
enable high throughput and highly reproducible results. The opti-
mized protocols were used to stain a series of FFPE tumor sections
and perform multiplexed quantification analysis of immune cell
phenotypes in tumor samples.
Conclusions
The workflow of the InSituPlex technology enables multiplexed
immune-profiling in tumor FFPE sections though a highly stream-
lined, automated workflow with existing high-throughput staining
and imaging instrumentation.
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Background
Recent successes with therapies directed at the immune system have
demonstrated the utility of targeting the immune response for con-
trol of multiple cancers. These successes have also spurred interest in
characterizing immune cell sub-populations to understand mecha-
nisms of activation and suppression, and their relationship to thera-
peutic response. Currently, antibody-based approaches are
commonly used to characterize immune cells, however these
methods are limited to 30-40 markers from previous hypotheses, lim-
iting new discovery. In this context, determination of the surface and
cellular proteome of responsive populations will provide a powerful
tool for insight into response mechanisms, so far hampered by low
sample availability and limited sensitivity of proteomic methodology.
Here, we demonstrate how data-independent acquisition mass spec-
trometry can be used for high-dimensional characterization of im-
mune cell sub-populations, even with limited cell numbers. These
studies open the way for further understanding sub-populations con-
tained within those defined by classical cell markers.
Methods
Primary human Cytotoxic CD8+ T cells, CD4+ T cells, CD14+ mono-
cytes and natural killer (NK) cells, isolated from peripheral blood
mononuclear cells, were prepared for mass spectrometry using
standard sample preparation workflows. All samples were analyzed
using 4 hour gradients on a C18 column coupled to a Thermo Scien-
tific Q Exactive HF mass spectrometer in data-independent acquisi-
tion (DIA-MS) mode. DIA data was extracted using Spectronaut Pulsar
X (Biognosys) with directDIA data searching.
Results
Cytotoxic CD8+ T cells were evaluated using 100,000 cells of input
material, which resulted in >3500 proteins quantified in the primary
cells. Serial dilutions revealed that >2750 proteins (~73% of all pro-
teins detected) were quantified even with lower numbers of cells
(30k). In the current experimental setup, 30k cells also represents the
lower limit of detection of CD8A and CD8B. Among other previously
characterized proteins associated with CD8+ T cells, KLRG1, CCL5,
TBX21, GZMH, PRF1, GNLY, CST7 were all detected at 30k cell input,
except KLRG1 which was detected at 50k cell input. Additionally,
Granzyme A and B were also quantified which have classically been
used, along with PRF1, as markers of lymphocyte infiltration. Data
will be presented for the additional cell types (CD4+ T cells, CD14+
monocytes, and NK cells) to further map the immune cell phenotypic
landscapes.
Conclusions
Our DIA-MS platform enables deep proteomic phenotyping of sorted
immune cell samples, even with limited numbers of cells. These new
data sets make available broad and un-constrained biomarker inves-
tigation for deconvolution of the processes driving immune cell acti-
vation and suppression.

P629
Addressing immunotherapy educational needs: esults from an
educational program on immunotherapy for cancer patients and
caregivers
Maria Gonzalo1, Liliana Zigo, BA1, Claire Saxton, MBA1, Heather Hollen,
BS, MS1, Julie Olson, PhD2, Kevin Stein, PhD, FAPOS2
1Cancer Support Community, Washington, DC, USA; 2Cancer Support
Community, Philadelphia, PA, USA
Correspondence: Maria Gonzalo
(mgonzalo@cancersupportcommunity.org)
Journal for ImmunoTherapy of Cancer 2018, 6(Suppl 1):P629

Background
As cancer treatment becomes more personalized and the use of im-
munotherapy expands, it’s important that patients and caregivers
have access to educational tools to make informed decisions, reduce
cancer-related distress, and get optimal benefit across the continuum
of care. This analysis explores participants’ experiences with the Can-
cer Support Community’s national evidence-based educational pro-
gram, Frankly Speaking about Cancer: Immunotherapy. This
comprehensive psychosocial program was created for people diag-
nosed with cancer and their families to provide information about
immunotherapy as a treatment option, including how immunother-
apy works, how to cope with the delayed response to treatment that
is characteristic of some immunotherapy drugs, and the different
side effects that people encounter while taking these treatments.
Methods
593 patients and 213 caregivers attending in-person Frankly Speaking
about Cancer: Immunotherapy workshops across the country between
2014 and 2017 completed post-workshop evaluations. Survey questions
focused on how cancer patients and their caregivers met their informa-
tional and assistance needs in regard to immunotherapy and whether
participating in the workshop was associated with positive gains. De-
scriptive analyses and ANOVAs were used to assess workshop outcomes.
Results
73% of participants were cancer patients and post-treatment survi-
vors; the remainder were caregivers who included spouses/partners
(14%), family members (7%), and friends (6%). The average age of
participants was 62 years old (s.d.= 11.4 years). While 39% of patients
listed their primary diagnosis as ‘breast cancer,’ 31 other cancer diag-
noses were represented in the survey. At the time of the workshops,
49% of patients had received the diagnosis within the last two years
and 10% reported to have received immunotherapy treatment.
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Comparing retrospective pre-post workshop self-assessment means,
participating in the workshops was associated with positive gains in
knowledge about immunotherapy (F=265.8, p<.05). At the same
time, 85% of patients and 67% of caregivers indicated that after the
workshop they felt more confident to talk to their healthcare team
about immunotherapy. The majority (78% of patients and 94% of
caregivers) reported feeling better prepared to ask questions about
side effects of immunotherapy. Finally, 95% of all participants said
that they would recommend the program to their loved ones.
Conclusions
Results suggest that the program successfully improves self-rated
knowledge about immunotherapy and boosts confidence in discuss-
ing this treatment modality and its side effects with healthcare pro-
viders. Furthermore, we found this program to be effective with both
patients and caregivers, as over two-thirds in both groups indicated
gaining confidence in talking to their providers.
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Background
Background: There is increasing clinical and research interest in
patient-reported outcomes (PROs) which provide unique and
complementary information to provider-rated adverse events.
While several studies have been published of PROs in lung can-
cer patients receiving immune checkpoint blockade, to our know-
ledge all have focused on PROs collected as part of a clinical
trial. Clinical trial participants tend to be younger and healthier
than patients who receive standard of care. The goal of the
current observational study is to describe PROs outside the con-
text of a clinical trial in lung cancer patients treated with im-
mune checkpoint inhibitors.
Methods
Method: The Addario Lung Cancer Foundation (ALCF) international
patient registry was used to collect patient-reported clinical informa-
tion. English-speaking patients who reported current or past treat-
ment with an FDA- approved immune checkpoint inhibitor (i.e.,
atezolizumab, durvalumab, ipilumumab, nivolumab, pembrolizumab)
were asked to complete a second survey of symptomatic toxicities of
these therapies. Patients rated 40 symptoms (e.g., fatigue, rash) on a
five-point scale (0=none, 4=very much). The Charlson Comorbidity
Index and Functional Assessment of Cancer Therapy General (FACT-
G) were administered to assess comorbidities and quality of life,
respectively.
Results
Results: A total of 90 patients (mean age 62, 72% female, 87%
White, 92% from the USA) who reported treatment with nivolu-
mab (48%) or pembrolizumab (52%) were included in analyses.
Patients reported 3 comorbidities on average (range 2-17). The
majority of patients (53%) had been treated for 6 months or less.
The most commonly reported symptoms were fatigue (89%), ach-
ing joints (72%), itching (65%), aching muscles (63%) skin dryness
(62%), and insomnia (62%). A total of 25% of patients had experi-
enced a treatment delay, 10% had been to the emergency room,
and 8% had been hospitalized due to toxicity. Participants re-
ported a mean score of 76.65 (SD=18.30) on the FACT-G, signifi-
cantly lower than previously-published normative data for cancer
patients [1].
Conclusions
Conclusions: This study is among the first to our knowledge to evalu-
ate symptomatic toxicities of immune checkpoint inhibitors outside
the context of a clinical trial. Results indicate that symptomatic
toxicities of immune checkpoint inhibitors are common in lung can-
cer patients. Additional research is needed to better understand the
longitudinal course of symptomatic toxicities and evaluate whether
supportive care interventions to ameliorate symptoms are
efficacious.
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Background
Blockade of the PD-1/L1 axis has shown durable responses and ex-
tended overall survival in multiple cancer types. However, there is
still a significant unmet need for patients who relapse and activation
of the Tumour Necrosis Factor Receptor (TNFR) superfamily embodies
the next stage of cancer immunotherapy. CD137-mediated costimu-
lation directs the fate of antigen-stimulated T and NK cells. Upon
interaction with its ligand, CD137 signalling supports cell activation,
survival and proliferation. Current agonist therapeutic interventions
aimed at CD137 hold great promise for cancer immunotherapy with
the caveat of being associated with safety concerns. Here, we show
how a novel bispecific antibody (mAb² ™) directed to CD137 and PD-
L1 induces potent in vitro T cell activity in a PD-L1-dependent man-
ner, and results in significant tumour control across three syngeneic
tumour models without toxicity.
Methods
An anti-CD137/PD-L1 mAb² was generated by introducing a CD137-
binding specificity into the Fc-region of a human IgG1 targeting PD-
L1. FcγR binding was abrogated by introducing the LALA mutation.
Binding characterisation was carried out via SPR and in vitro activity
was assessed using functional assays employing engineered overex-
pressing T cell lines, and a mouse primary OT-1 CD8+ T cell assay.
The anti-tumour activity of the anti-CD137/PD-L1 mAb² was tested in
CT26, MC38 and B16-F10 tumour-bearing mice.
Results
An anti-CD137/PD-L1 bispecific antibody was developed, which binds
mouse PD-L1 and which, upon binding to mouse CD137, elicits potent T
cell stimulation in vitro (EC50: 3 pM in primary antigen-specific OT-1
assay). The mAb² significantly reduced tumour growth in MC38 and CT26
syngeneic colon carcinoma models, as well as in the B16-F10 syngeneic
melanoma model. In CT26 this activity was dose-dependent resulting in
a significant survival benefit at concentrations of 0.3 mg/kg or above and
liver pharmacology was minimal as defined by histopathology.
Conclusions
We report potent in vitro CD137-mediated activation only upon en-
gagement of PD-L1 using the anti-CD137/PD-L1 bispecific mAb²
which outperforms monospecific antibodies on their own and in
combination in multiple syngeneic mouse tumour models in a dose-
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dependent manner. None of the liver pharmacology and resultant tox-
icity reported with other CD137 agonist mAbs are observed with the
anti-CD137/PD-L1 mAb². This warrants the development of a first-in-class
anti-human CD137/PD-L1 bispecific antibody with a novel mode of ac-
tion and improved therapeutic index for the treatment of human cancer.
Ethics Approval
The murine syngeneic tumour studies were approved by the Home
Office, project license number 70/7991.

P632
A multi-omics approach to understanding the tumor
microenvironment
Deepali Malhotra, PhD, Gordon Moody, Michael Surace, PhD, Jaime
Rodriguez-Canales, MD, Ronald Herbst, PhD, John Mumm, PhD
MedImmune, Gaithersburg, MD, USA
Correspondence: Deepali Malhotra (malhotrad@medimmune.com)
Journal for ImmunoTherapy of Cancer 2018, 6(Suppl 1):P632

Background
Human tumors contain highly variable immune and stromal cell infil-
trates. Tumor heterogeneity, classically defined by tumor intrinsic
variation in morphology and metabolism, is also observed at the
level of infiltrating immune cell localization and activation within
these tissues. Understanding the composition and functional conse-
quences of different tumor microenvironments (TMEs) is critical to
identifying correlates that inform our development and use of IO
therapies in patients. Therefore, it is essential that tumor-targeted IO
therapies be tested within the relevant context of the human TME.
To this end, we developed a multi-omics work flow to characterize
primary human tumors and to assess the functional consequences of
intervention with immunotherapeutics that target different cell types
and pathways within the TME.
Methods
Within 24 hours of surgical resection, tumors are enzymatically proc-
essed using a protocol optimized for cellular viability and maximal
cellular yield. Additional tumor tissue is processed for FFPE to enable
multi-parameter IHC analysis of the composition and structure of the
TME. Flow cytometry panels were developed to define the immune,
tumor, and stromal cell makeup of each disaggregated tumor and to
provide insight into the nature and activation state of infiltrating
lymphocytes and myeloid cells. Disaggregated tumors were treated
in vitro with IO therapeutics that target different pathways and cell
types, such as: co-stimulation, checkpoint blockade, and myeloid acti-
vation. Tumor disaggregates and supernatants are collected at vari-
ous timepoints to assess the ability of these compounds to modulate
transcriptional activity and cytokine outputs.
Results
Tumors representative of colon, lung, renal, and pancreatic cancers
were assessed using the aforementioned workflow. The TMEs defined
by each of these metrics highlighted the diversity of these samples,
some samples were enriched for lymphocytes, other myeloid cells,
while some had similar contributions of lymphocytes and myeloid
cells. Infiltrating T cells also demonstrated various degrees of activa-
tion and exhaustion, likely affecting the ability of these disaggregates
to respond to different classes of IO therapies.
Conclusions
We have developed a multi-omics workflow to allow evaluation of
how the TME influences responses to different preclinical IO assets.
This project represents an ongoing functional and phenotypic
characterization effort to enable the development and implementa-
tion of novel tumor-targeted IO therapies. Preliminary results suggest
that multi- omics approaches are required to understand the IO con-
text within the TME. Further refinements of this methodology may
include alternative approaches that better reproduce more complex
aspects of the TME such as structure and localization of immune cells
within the tumor.
Ethics Approval
All tumor samples were received in agreement with the IRB of the
University of Maryland and processed in agreement with the ethical
guidelines of MedImmune.
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Background
T cell biology is integral to the study of normal immune regulation
as well as cancer biology, CAR-T cells, epitope specificity and antigen
presentation. However, primary T cells can be difficult to propagate
in culture for the length of time necessary for functional assays. In
addition, populations of primary T cells express variant T cell receptor
(TCR) heterodimers that can be challenging to identify and may not
be optimal for downstream studies.
Methods
We sought to simplify this system using transformed T cells which
can be grown in culture for extended periods of time. We engi-
neered a floxed landing pad sequence into the safe harbor AAVS1
locus using CompoZr® zinc finger nucleases. Both the promoter and
landing pad expression cassette are flanked by unique lox sites,
allowing swapping of the promoter and/or expression cassette as
needed. We ensured that only one copy of this sequence was found
within the genome to avoid any complications associated with ran-
dom insertion events.
Results
We also generated a landing pad cell line null for the endogenous
TCR using targeted nucleases. Both the TCR alpha and beta loci were
rendered null due to non-homologous end joining and the presence
of insertions and deletions culminating in premature stop codons
were genotyped using next generation sequencing. The absence of a
functional TCR was validated using flow cytometry staining for sur-
face TCR and CD3. This cell line was then used to generate a knock-
in of the desired exogenous TCR heterodimer to the landing pad
locus, verified using flow cytometry staining.
Conclusions
These lines will be very useful for a multitude of studies where a re-
searcher needs to express a gene of interest in a discrete genetic
locus or wants to generate a panel of TCR expressing cell lines.
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Background
Innate immune cells play a critical role in cell-mediated immunity
and have the potential to serve as cell-based therapies to treat a
broad spectrum of immune diseases such as cancer and autoimmune
disorders. Modified immune cells, such as genetically engineered
CAR-T cells, have proven to be critical in developing new cell-based
therapies for these diseases. However, immune cell biology creates
challenges during the gene-editing process that lead to hyper-
regulated RNA and DNA sensing pathways and enhanced cell death
upon introduction of exogenous ribonucleotides. Further, engineer-
ing in primary immune cells is often restricted due to their limited
expansion capacity.
Methods
Genetic engineering in immune cells has traditionally relied on ran-
dom integration of gene-editing components using viral delivery sys-
tems. In contrast, genome editing mediated by nucleases, such as
CRISPR/Cas9-single guide RNA ribonucleoproteins (RNPs), provide a
platform for precision editing, and alleviate the potential side effects
caused by randomly integrated viral DNA. While RNP gene editing in
immune cells is just beginning to be considered by the immune-
therapeutics field, our recent advances demonstrate that this
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approach can be used to create targeted modifications in two key
cell types, the macrophage and the CD8+ primary T-cell.
Results
In an effort to circumvent challenges with the finite lifespan of pri-
mary T-cells, we targeted genes to edit that rendered this cell type
“pseudo-immortalized”, thus allowing additional passages for further
downstream genome editing and propagation. In addition, we dem-
onstrated that precision editing can be used to introduce disease
relevant single-nucleotide-polymorphisms (SNPs) into the macro-
phage genome, which resist introduction of exogenous ribonucleo-
tides due to the induction of apoptotic pathways.
Conclusions
Advances such as these overcome many of the obstacles currently
faced with immune cell editing and offer improved gene stability
and expression in immune cells and, in doing so, will transform the
Immuno-Oncology and Gene Therapy fields.
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Background
The PD-1 inhibitors nivolumab and pembrolizumab are approved for
treatment of non-small cell lung cancer in the second line setting,
based on superior outcomes compared to chemotherapy. The study
populations generally were composed of younger patients with ex-
cellent performance status (ECOG 0-1) and a minimal number of
prior lines of therapy. In our study we evaluated outcomes with
these agents in older, less fit, and more heavily pretreated lung can-
cer patients that are reflective of real-word practice.
Methods
A single-institution retrospective analysis of all lung cancer patients
treated with nivolumab or pembrolizumab at the University of Min-
nesota from 2015 to 2016. Outcomes were compared by age, per-
formance status (PS), prior lines of therapy, presence of brain
metastases, history of autoimmune disease, and immune-related ad-
verse events (irAE). Overall survival (OS) data was calculated using
two-sample log-rank testing.
Results
111 patients received at least two doses of nivolumab or pembrolizu-
mab, with median age 65 years. Overall the complete response rate
was 2.7%, partial response 27.9%, and stable disease 19.8%, for a
clinical benefit rate of 50.4%. The median duration of response was
12.5 months and median OS 11 months. The clinical benefit rate was
not significantly different by age (52.8% for ≤65 versus 59.6% for >65
and 55.4% for ≤75 versus 58.8% for >75), PS (55.1% for ECOG 0-1
versus 62.5% for >1), or prior lines of therapy (53.6% for 0-1 versus
59.1% for >1). Median OS was 5 months for patients with ECOG PS
>1 compared to 13 months for PS 0-1 (p-value 0.00042). Survival by
age and prior lines of therapy was not significantly different. The inci-
dence of irAE requiring steroids was 19.8%, with no treatment-
related deaths. The median OS for patients experiencing an irAE was
23.9 months versus 9 months for patients without an irAE. Of 9 pa-
tients with a history of autoimmune disease, only 1 experienced dis-
ease flair. In patients with no history of brain metastases, only 5
(6.3%) developed CNS progression. Of those with previously treated
brain metastases, 29.6% had CNS progression.
Conclusions
The clinical benefit of immune checkpoint blockade persists in older
or heavily pretreated patients. Survival for patients with PS >1 is very
limited, suggesting these agents should be used judiciously in this
group. Therapy was well tolerated, with a low risk for flare of previ-
ous autoimmune disease, and appears to be effective for CNS dis-
ease. Incident irAE predicted for improved OS.
Ethics Approval
This study was approved by the University of Minnesota’s institu-
tional review board; approval number 1606M88925.
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Background
Early tumor growth has been documented as a feature of natural dis-
ease progression in some patients [1,2]. However, without consider-
ation of the natural history of disease progression, there have been
recent reports of “hyperprogression” (using various definitions of the
term) to suggest accelerated tumor growth in some patients receiv-
ing anti–programmed death 1/programmed death ligand 1 therapies
[3-5]. Additionally, these reports do not account for the necessity for
randomization and suitable control groups [5]. The reported
phenomenon of “hyperprogression” was assessed with data from a
randomized controlled phase 3 trial of nivolumab versus placebo (as
a surrogate for the natural history of disease progression) in patients
with unresectable, advanced, or recurrent gastric cancer who had re-
ceived at least 2 prior lines of treatment (NCT02267343,
ATTRACTION-2). Tumor growth of all patients was retrospectively
evaluated at the first on-treatment scan, relative to baseline, using a
tumor growth dynamics (TGD) model, with a focus on patients ex-
periencing ETP at the first tumor assessment.
Methods
Patients from Japan, Korea, and Taiwan with unresectable, advanced,
or recurrent gastric cancer, refractory or intolerant to standard ther-
apy, were randomized 2:1 to nivolumab or placebo (N = 493). A TGD
model was developed to characterize change of tumor size using
longitudinal data from 358 patients who had baseline and at least 1
post treatment tumor measurement available. An increase of ≥20%
in the sum of longest diameter (SLD) of target lesions at 8 weeks
post baseline was considered ETP.
Results
A high variability of change in tumor size was observed among both
placebo- and nivolumab-treated patients, consistent with the variable
nature of cancer progression and response. The percentage of ETP
was lower in patients receiving nivolumab compared with placebo,
across cutoffs up to 100% increase in SLD relative to baseline (Table
1). Pseudoprogression was reported in 2 patients receiving nivolu-
mab (~1%) and in none of the patients receiving placebo. Further-
more, the maximum observed SLD increases in nivolumab and
placebo arms were 260% and 130%, respectively. A small fraction of
patients in both nivolumab and placebo arms (~1%) experienced ETP
>100% of observed SLD at the first assessment.
Conclusions
This study does not support any association between nivolumab
therapy and early tumor progression. However, this study focused
on patients with gastric cancer; the potential of hyperprogression
following immuno-oncology therapy should be investigated in
other randomized trials with a placebo arm, focusing on different
tumor types.
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Background
CD40 is a co-stimulatory molecule belonging to the tumor necrosis
factor receptor superfamily which can activate both innate and adap-
tive immune system, making it an interesting target for tumor im-
munotherapy. Systemic activation of CD40 receptor, induced by
administration of agonistic CD40 antibodies, has shown signs of ac-
tivity in cancer patients, but dose-limiting toxicities have impaired
the efficacy. New therapeutic approaches are therefore needed to in-
crease the therapeutic index of CD40-targeting molecules and
achieve better clinical outcomes. Here, we report a novel approach
based on systemic administration of a tumor-restricted CD40 agonis-
tic DARPin® molecule targeting human CD40 and fibroblast activation
protein (FAP) alpha, a tumor antigen (TA) abundantly expressed in
many solid tumors, enabling CD40 pathway activation exclusively in
the presence of TA-expressing cells.
Methods
Using ribosome display technology, we generated a panel of bispeci-
fic CD40/FAP DARPin® molecules able to trigger specifically CD40
receptor and activate the NF-κB pathway in a reporter cell assay, in
the presence of FAP- transfected Chinese hamster ovary (CHO) cells,
but not in the presence of parental CHO cells. Selected bispecific
DARPin® clones were then tested in more meaningful cell assays
using human 1) primary B cells, 2) monocyte- derived dendritic cells
and 3) monocyte-derived macrophages from whole blood, in the
presence of FAP-positive or FAP-negative cells.
Results
In these immune cell populations, bispecific CD40/FAP DARPin® mol-
ecules confirmed a FAP-dependent activation of CD40 pathway indu-
cing an upregulation of costimulatory molecules and proinflammatory
cytokines, such as CD86 and IL12, only in the presence of FAP-
expressing cells. In order to properly address the in vivo activity, a sur-
rogate mouse-specific CD40/FAP DARPin® molecule was also generated
and tested in different in vitro assays showing a FAP-dependent activa-
tion and similar results as the human counterpart. Experiments are on-
going to assess the efficacy and mechanism of action of this tumor-
restricted CD40 agonistic DARPin® molecule.
Conclusions
In conclusion, we have generated bispecific agonist CD40/FAP DAR-
Pin® molecules able to activate the CD40 pathway in cellular assays
in a targeting-dependent manner, supporting the hypothesis that
these DARPin® molecules could lead to a tumor-localized immune ac-
tivation in vivo. Data of the ongoing in vivo experiments in mouse
tumor models to test this hypothesis will be shown at the meeting.
Ethics Approval
In vivo studies were approved by Veterinary Authorities of the Canton
Zurich, approval number ZH102/16.
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Background
Multiplex immunofluorescence (mIF) and multispectral analysis has
become an important tool for cancer immunoprofiling. An investiga-
tor, usually pathologist, selects regions of interest (ROI) within the
tumor area for multispectral scanning and immunophenotyping ana-
lysis. However, tumor heterogeneity and human sample bias may
affect the representation of the immunoprofiling in the whole tumor
area. Our goal was to compare the tumor immunoprofiling data
using ROI analysis versus whole tumor region scanned in multispec-
tral mode.
Methods
20 non-small cell lung carcinomas (9 adenocarcinomas (ADC), 11
squamous cell carcinomas (SCC) were stained with a 6-marker mIF
panel (PD-L1, CD8, Ki-67, CD68, pancytokeratins, and PD-1) and im-
aged using a multispectral scanner. Two pathologists (A and B) inde-
pendently selected 5 ROI (0.64 mm2 each) within the tumor area for
each case. Additionally, to assess the human sampling bias, two sets
of 5 ROI where generated randomly within the tumor by a computer
(C and D). The immunoprofiling data was generated using HALO soft-
ware from all ROI sets (A-D) and independently compared to the
whole tumor region.
Results
Cell densities and percentages of 8 cell subpopulations [CD8+; CD68
+; PD-1+; (PD-1+/CD8+); (CK+/Ki67+); (CK+/PDL1+); (CD68+/PD-L1+),
and (CD8+/Ki67+)] were evaluated in tumor epithelium and stroma
compartments. These data were assessed in each set of 5 ROI (A-D)
and compared with the data from the whole tumor. Pearson’s correl-
ation coefficients (PCC) between the whole tumor and ROI data
ranged from 0.65 to 0.99. The endpoints for which ROI were least
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representative of whole tumor were percent of CD8+/Ki67+ cells in
the stroma (PCC 0.65), and PD-1+/CD8+ cell density in the epithelial
compartment (PCC 0.70). The endpoints for which ROI were most
representative of whole tumor were PD-1+ cell density in tumor
stroma (0.98) and percent CD68+ macrophages in stroma (0.99). The
average PCC for randomly-assigned ROI (computer) was 0.96 vs 0.90
for pathologist-assigned ROI. ADC were more robustly assessed by
ROI (PCC 0.97) as compared to SCC (0.88). As compared to the whole
tumor, and across all reportable metrics, pathologist-placed ROI
undercounted by an average of 18.36% and computer-placed ROI
undercounted by 7.02%.
Conclusions
Overall, our results suggests that immunoprofiling using 5 ROI is
comparable to the data from whole tumor region. However, the as-
sessment of cell densities in ROI for certain populations showed a
lower correlation, suggesting an advantage of the analysis of either
more than five ROI or the whole tumor region for the evaluation of
cell densities.
Ethics Approval
Tissues were commercially available and obtained according the Dec-
laration of Helsinki
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Background
Tumor heterogeneity and dedifferentiation of cancer cells have been
shown to hamper the effective response to the targeted- and immune-
therapies. This ultimately leaves two-thirds of metastatic melanoma pa-
tients with a limited number of treatment options. The role of the
tumor microenvironment and specifically tumor-associated stromal
cells on the induction of dedifferentiation and on the presence of
heterogenous tumor subpopulations is not fully understood.
Methods
In the present work, we have dissected the functional interplay be-
tween tumor-associated B cells (TABs) and melanoma cells through
the integration of a humanized mouse model, computational tran-
scriptome analysis, and organotypic 3D culture assays.
Results
We first found that immunotherapy-resistant tumors from humanized
mice showed a dramatic influx of CD19+ B cells and exhibited the
focal loss of melanoma-specific antigens intratumorally. Of note, both
of these trends are not seen in immunotherapy-responding tumors.
We then performed a gene microarray and detected that in a stark
contrast to the normal B cells (NBs) derived from healthy donors,
TABs’ transcriptome had enriched signature of inflammatory and an-
giogenic factors, as well as numerous molecules involved in invasion
and matrix degradation. In concordance with our mouse studies, we
also found that TABs induced a robust upregulation of migration- as-
sociated, neural crest and early neural progenitor markers across dif-
ferent melanoma cell lines as determined by microarray and RT-
qPCR. The enhanced invasive phenotype was further functionally vali-
dated in a 3D organotypic culture, where melanoma spheroids cultured
in the presence of TABs showed an average two-fold increase in inva-
sive potential when compared to spheroids co-cultured with NBs.
Conclusions
Ultimately, our results reveal a novel role of TABs in mediating the in-
vasiveness and dedifferentiation of human melanoma cells.
Ethics Approval
All mouse studies were performed at the Wistar Institute (AAALAC
accredited) and approved by the Institutional Animal Care and Use
Committee.
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Background
Cancer-associated fibroblasts (CAFs) play a critical role in the complex
process of tumor-stroma interaction, and may either favor or hinder
tumor initiation, progression and drug resistance.The identification of
phenotypical and functional subtypes is of great relevance for the
development of microenvironment-related anti-tumor treatment.Pan-
creatic ductal adenocarcinoma (PDAC) and non-small cell lung cancer
(NSCLC) are tumours with an abundant fibrotic stroma, and we have
demonstrated that the tissue-specific alternative splicing of the actin
regulator hMENA, generates hMENA11a and hMENAΔv6 isoforms
that represent powerful diagnostic and prognostic factors in early
stage NSCLC and PDAC [1-3]. hMENA/hMENAΔv6 influence intracellu-
lar signaling pathways involved in invasion and epithelial mesenchy-
mal transition (EMT)[4-6] and [3].Here we aimed at investigating the
role of hMENA isoforms in CAF functions and cancer cell-CAF
crosstalk.
Methods
We have analyzed the expression of hMENA isoforms in normal fibro-
blasts and in CAFs isolated from pancreatic and lung cancer tissues,
by IF and WB. The role of hMENA isoforms in CAF activity were ana-
lyzed by loss and gain of function experiments. hMENAΔv6-driven se-
creted factors were identified by LC-MS/MS proteomic analysis.
Results
CAFs express hMENA and hMENAΔv6 isoforms but not hMENA11a.
hMENAΔv6 is overexpressed in CAFs compared to normal pancreatic
fibroblasts and lung fibroblasts isolated from tissue distant from the
tumor. The downregulation of hMENA/hMENAΔv6 isoforms, by
siRNA, reduced the contractile activity of CAFs and MMP2 activity.
Conversely, hMENAΔv6 overexpression in CAFs promoted their ability
to invade, to activate the MMP2 and increase CAF-mediated cancer
cell invasiveness. Notably, tumor cells over-expressing hMENA/hME-
NAΔv6 secrete factors essential for hMENAΔv6 overexpression and
CAF activation, indicating hMena as crucial in tumor/CAF co-
evolution. LC-MS/MS analysis revealed that CAFs over-expressing
hMENAΔv6 secret the Axl ligand Gas6, favoring the invasiveness of
Axl-expressing NSCLC and PDAC cells. Of relevance we demonstrated
that hMENA regulate Axl expression in tumor cells and sustain the
paracrine Gas6-Axl axis. Clinically, we found that a high hMENA/
Gas6/Axl gene expression signature is associated with a poor prog-
nosis in PDAC patients.
Conclusions
We demonstrated that hMENA/hMENAΔv6 identify a subset of CAFs
with pro-tumoral functions and defined a novel function of hMENA
in regulating tumour/stroma cross-talk via paracrine Gas6-Axl signal-
ing, described as crucial in EMT, drug resistance and immune evasion
[7]. We indicate that the network-based on hMENA/Gas6/Axl expres-
sion may represent novel prognostic and therapeutic targets and the
pattern of hMENA isoform expression in both tumor cells and CAFs
may reveal tumor mesenchymal traits identifying cancer subtypes for
tailored therapies.
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Background
We have compared the staining of the OPAL 4-color lymphocyte kit
for manual use with the staining of the same kit adapted for the
ONCORE automatic stainer. This kit is composed of primary anti-
bodies against CD4, CD8 and CD20, and they are detected using a
TSA-based fluorescence reaction. Additionally, we had developed in-
house two additional kits with the same components as the OPAL 4
color kit, e.g. containing CD4, CD8 and CD20 antibodies. These kits
we designated as SMIFT- (Sequential Multiplex Immunofluorescence
Technology) and ESIFT- (Enhanced Sequential Immunofluorescence
Technology) - 4-color lymphocyte kits, respectively. The goal was to
develop an effective fluorescence-based assay that can be fully auto-
mated and used to assess the numbers of immune cells within the
tumor microenvironment.
Methods
SMIFT is based on the indirect detection of antibody binding to hapten
using secondary antibodies labeled with fluorescence. ESIFT is based
on the use of primary antibodies directly labeled with HRP and detec-
tion with fluorescence. Additionally, we had compared the staining of
the manual protocols for OPAL with SMIFT 4-color lymphocyte kits.
Results
Microscope observations show that the staining intensities are com-
parable for both OPAL and ESIFT on the ONCORE. The intensity of
the staining for SMIFT 4-color kit is the lowest of the compared sys-
tems. This is expected because SMIFT is not a TSA-based detection
technology. Noteworthy, the fluorescence from the 3 antibodies of
all kits systems is clearly visible directly under the fluorescence
microscope and this is also valid for the SMIFT system.On the tissues
in general the fluorescence from all the kits components was
brighter for the Melanoma tissue compared to the tonsil control. For
running the OPAL kit on the ONCORE, the manufacturer suggested
protocol had to be adjusted in order to get a satisfactory staining on
the tested tissues. The SMIFT protocol compared to OPAL required
less optimization during the conversion of the manual to the
ONCORE version. The ESIFT kit required the least efforts for protocol
optimization for the ONCORE. Protocol run time on the ONCORE was
the shortest for ESIFT (about 5.5 hours) and for SMIFT and OPAL the
run times on the ONCORE were comparable (about 7 hours).
Conclusions
The manual performance is more labor intensive for the OPAL com-
pared to the SMIFT kit. Obviously, the availability of automatic
stainers has enabled the consistent performance without major hu-
man intervention of involved technologies such as OPAL 4-color kit.
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Background
As the number of patients receiving immunotherapy agents continue to
grow, so too does the potential for non-oncology clinicians to need to
manage immune related toxicities. The similarities in the side effect pro-
file of chemotherapy and immunotherapy agents are striking, yet their
mechanism of action and evidence-based management strategies differ
greatly. Oncology Nursing Society (ONS) members recognized the need
to facilitate communication between oncology and non-oncology pro-
viders to improve outcomes of patients receiving immunotherapy.
Methods
ONS developed immunotherapy wallet cards to improve communication
between oncology providers and non-oncology healthcare teams. The
card enables patients to carry information about their treatment and side
effects with them to appointments with non-oncology providers. The
goal is to help inform providers who may not be involved with a patient’s
cancer treatment that he/she is receiving immunotherapy, and this will
greatly impact their care. On the card, the oncology provider indicates
whether the patient is receiving checkpoint inhibitors, monoclonal anti-
bodies, adoptive cell therapy, vaccines or oncolytic viral therapy. Wallet
cards include information about expected side effects associated with
these agents and cautions them to be aware that these side effects, while
they may mimic those of chemotherapy, require vastly different manage-
ment. The cards include a prompt to contact the oncology care team be-
fore altering immunotherapy treatment regimens.
Results
Immunotherapy wallet cards were finalized and marketed to the
public starting in January 2018. Since that time, 90,000 wallet cards
have been ordered by oncology providers, nurses, pharmacists and
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patients and families, both within the USA and internationally. Those
who have ordered cards from ONS have been contacted for feed-
back on utilization and outcomes observed as a result of using wallet
cards.
Conclusions
Immunotherapy as a form of cancer treatment is growing at an expo-
nential rate. This increase in treatment options is met with many
questions about adverse event management, and the speed at which
approvals are seen mean clinicians outside the immediate oncology
arena may not be fully aware of the intricacies of immunotherapy
that set it apart from other antineoplastic strategies. The ONS Im-
munotherapy Wallet Card offers a strategy to help mitigate the un-
anticipated effects of such rapid growth of this class of treatment,
and ensure patients have a way to communicate their treatment sta-
tus and side effects likely to affect this patient population.

T-cell Checkpoints and Checkpoint Inhibitors
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Background
There are paucity of data on the safety of checkpoint-inhibitors (CPI) in
patients (pts) with solid-organ transplant (SOT) and allogeneic stem-cell
transplant (ASCT), primarily from case reports and small series. As the use
of CPI expands to many new indications, stratifying the risk-benefit ratio
in this population is needed. To estimate the magnitude of this onco-
logical challenge, we used a health insurance-based database to identify
the rate of rejection among transplant recipients treated with CPI.
Methods
We identified cancer pts with SOT/ASCT receiving CPI from the Truven
Health MarketScan Research Database between 2011 and 2016. Only pts
who had CPI claims post-transplant were considered. Validated ICD9&10
diagnostic codes were used to identify definite graft rejection or graft
versus host disease (GVHD) occurred at any time after the first CPI.
Results
A total of 50 pts were identified. The SOT cohort included 22 pts; me-
dian age was 53 (12-70) years; 73% were male; 40.9% had melanoma.
Most received PD1 inhibitors (59.1%). Kidney transplant was reported
in 77.3%. Other SOT included liver, lung, heart, and pancreas. Median
time from SOT till CPI initiation was 3.7 (0.2-11.6) years. Median dur-
ation of follow-up since CPI initiation was 3.2 (0.1-17.8) months. Four
pts (36.4%) had graft rejection after a median of 0.7 (0-3) months
post CPI initiation (3 kidney, and 1 heart); 3 after receiving ipilimu-
mab. Seven pts (63.6%) with at least four months follow-up had no
rejection. Additionally, 11 pts had shorter follow-up (0.4-3.8 months)
and no rejection at last claim. The ASCT cohort included 28 pts; me-
dian age was 46 (14-64) years; 53.6% were male; 46.4% had lymph-
oma. Most received PD1 inhibitors (75.0%). Median time from ASCT
till CPI initiation was 3.6 (1.1 -8.6) years. Median duration of follow-up
since CPI initiation was 6.5 (0.1-24.3) months. Nine pts (52.9%) had
GVHD after a median of 1.7 (0-6.6) months post CPI initiation; 8 after
receiving PD1 inhibitors. Eight pts (47.1%) with at least six months
follow-up had no GVHD. Additionally, 11 pts had shorter follow-up
(0.1-5.2 months) and no GVHD at last claim.
Conclusions
Acute rejection and GVHD were reported as a claim in over a third and
over a half of SOT and ASCT recipients, respectively, after CPI initiation.
Organ rejection tend to occur earlier than GVHD. Pre-clinical studies,
and multi- institutional prospective studies in transplant recipients are
needed to evaluate potential risk factors and management strategies
that maintain graft tolerance without compromising antitumor
benefits.
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Background
Lipase elevation is one of the reported immune checkpoint inhibitor
(ICI)-induced adverse events.[1-3] The incidence and clinical characteris-
tics of immune-mediated pancreatitis with clinical symptoms and sug-
gestive imaging findings are not well studied in the literature. Therefore,
we aimed to describe the clinical characteristics and outcomes of pa-
tients who developed immune mediated pancreatic injury (IMPI).
Methods
We studied consecutive patients that received ICI and developed IMPI
from 1/2010 through 3/2018. IMPI was defined as CTCAE grade ≥3 lipase
elevation. Comprehensive chart review was then conducted to confirm
the diagnosis of IMPI, based on the clinical judgement of the treating on-
cologist or gastroenterologist, and to exclude other etiologies. Chi-square
test, Fisher exact test, and Wilcoxon rank-sum test were used to compare
clinical characteristics. Kaplan-Meier curves and log-rank test were used
to estimate and compare unadjusted survival time distributions.
Results
Eighty-two (3.5%) out of the 2279 patients who received ICI and had
lipase follow-up values had IMPI; most were white (77%), males
(66%) with a mean age of 57 years (Table 1). Seven patients (9%)
had a history of pancreatitis, and 11 (13%) had pancreatic metastasis
at the time of ICI initiation. Overall, 65% of patients received inhibi-
tors of programmed death protein-1 or its ligand-1. The median dur-
ation from ICI initiation to IMPI onset was 5 months (SD, 7 months),
and it was the shortest for patients who received cytotoxic T-
lymphocyte-associated protein-4 (P=0.033; Table 2). Patients who
had clinical symptoms of pancreatitis (n=24 [1%]) had higher levels
of lipase (P=0.006) and amylase (P=0.029), more frequent imaging
findings of pancreatitis (P=0.030), more frequent hospitalization
(P<0.001) with treatment with intravenous fluids (P=0.004) and ste-
roids (P=0.016; Table 3). We observed no differences of clinical char-
acteristics between patients that had pancreatic metastasis and
those that did not. Patients who developed long-term consequences
of IMPI (chronic pancreatitis on imaging studies (n=3), recurrence of
IMPI (n=3), and subsequent diabetes (n=6)) received ICI treatment for
longer duration (P=0.006), had more frequently past history of smok-
ing (P=0.048) or hyperlipidemia (P=0.021), received less intravenous
fluids treatment (P=0.031), and resumed ICI treatment more fre-
quently (P=0.017; Table 4). Patients who resumed ICI treatment had a
trend for better survival rates (P=0.0559; Figure 1).
Conclusions
IMPI can present as a typical clinical scenario of acute pancreatitis, with
the risk of pseudocyst, diabetes and chronic pancreatitis. ICI resumption
in patients who had IMPI resulted in more long-term IMPI conse-
quences, however, was associated with longer survival durations.
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Background
Monoclonal antibodies (mAbs) have proven to be extremely effective
immuno-oncology therapeutics that lead to previously unseen durable
responses in melanoma, bladder cancer, RCC, lung cancer, and other ma-
lignancies. Most mAb therapeutics, including current anti-PD-1 drugs,
were discovered by mouse immunization followed by hybridoma isola-
tion, a highly inefficient process that leads to few high affinity, develop-
able antibodies. We recently developed a novel method for human mAb
discovery that leverages humanized mice, microfluidics, multiplex PCR,
yeast single chain variable fragment (scFv) display, and fluorescence acti-
vated cell sorting (FACS). Using this technology we have discovered thou-
sands of high affinity antibodies against 17 immuno-oncology targets in
less than 6 months.
Methods
We embarked on a discovery campaign for 17 immuno-oncology tar-
gets, including the antagonist targets PD-1, PD- L1, CTLA-4, LAG-3, TIM-
3, B7-H3, B7-H4, TIGIT, CSF1R, VISTA, & CD47, and the agonist targets
OX40, GITR, CD27, ICOS, TLR2, and TLR4. We immunized chimeric hu-
manized mice (Trianni) with antigen twice weekly for four weeks. B cells
were isolated from lymph nodes, spleen, and bone marrow, and >4 mil-
lion single cells per target were processed through our microfluidic
platform, generating DNA libraries that maintain proper heavy:light
chain pairing. We built yeast scFv libraries for each of the 17 antigen-
specific B cell repertoires and performed multiple rounds of FACS sort-
ing to enrich for antigen-specific binders.
Results
We deep sequenced the libraries of enriched, high-affinity scFvs, which
yielded the sequences for >2,800 candidate scFv binders. More than 400
of these candidate scFvs were engineered into full-length mAb constructs
and expressed transiently in Chinese hamster ovary (CHO) cells. The affin-
ity of individual mAbs ranged from 26 pM to 530 nM, with a median KD
of 12.3 nM and ~10% with KD <1 nM. More than 55% of full-length anti-
bodies were validated as specific binders to cell surface expressed target
protein, and cell-based reporter assays for T cell activation revealed that
~60% of verified binders were functional. Epitope cross binning revealed
extensive epitope diversity among the binders.
Conclusions
Candidates mAbs that are high affinity, bind cell surface antigen, and
induce immune cell activation are now being tested in combinations
or bispecific molecules for in vitro and in vivo efficacy. Combinations
or bispecifics that show improved in vitro and in vivo efficacy over
currently available checkpoint inhibitors will be moved forward into
clinical studies.
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Background
Currently pursued approaches in immuno-oncology involve either in-
hibition of immune checkpoints or activation of T cell co-stimulatory
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pathways. The concept of combining both modes-of-action within a
single molecule, however, is so far not being clinically explored. Here,
we introduce DuoBody-PD-L1x4-1BB (GEN1046), a first-in-class bispeci-
fic antibody for conditional engagement of T-cell co-stimulatory recep-
tor 4-1BB in concert with PD-L1 checkpoint blockade.
Methods
DuoBody-PD-L1x4-1BB is an Fc-silenced IgG1 bispecific antibody that
was obtained by controlled Fab-arm exchange of human(ized) PD-L1
and 4-1BB monoclonal antibodies. The binding characteristics of
DuoBody-PD- L1-x4-1BB were assessed by flow cytometry, and func-
tional characterization was performed using reporter assays and pri-
mary human T-cell assays. The effect on tumor-infiltrating
lymphocytes (TIL) and their TCR repertoire was analyzed ex vivo in
human primary tumor tissue cultures. In vivo activity of a surrogate
mouse-reactive bispecific antibody was evaluated in both an OT-1
adoptive-cell-transfer model with ovalbumin vaccination and a CT26
mouse tumor model. The non-clinical safety profile of DuoBody-PD-
L1x4-1BB was assessed in cynomolgus macaques.
Results
DuoBody-PD-L1x4-1BB showed dose-dependent binding to 4-1BB
and PD-L1, with the PD-L1-specific arm being able to effectively
antagonize PD-1:PD-L1 interactions. In T-cell stimulation assays with
and without an active PD- 1:PD-L1 axis, DuoBody-PD-L1x4-1BB en-
hanced T cell proliferation and pro-inflammatory cytokine secretion.
DuoBody-PD-L1x4-1BB showed superior potency when compared to
PD-1:PD-L1 checkpoint blockade alone. The 4-1BB agonist activity of
DuoBody-PD-L1x4-1BB was shown to be strictly conditional, depend-
ing on simultaneous binding of both targets. In fresh human tumor
tissue cultures, DuoBody-PD-L1x4-1BB increased TIL expansion
ex vivo. In vivo, the mouse surrogate PD-L1x4-1BB bispecific anti-
body, led to massive expansion of adoptively transferred ovalbumin
specific T-cells upon ovalbumin vaccination. In a subcutaneous CT26
tumor model >80% of tumor-bearing mice experienced long-term
tumor remission when treated with the surrogate bispecific antibody.
Finally, DuoBody-PD-L1x4-1BB showed a favorable safety profile in
cynomolgus macaque at doses up to 30 mg/kg.
Conclusions
This data supports that DuoBody-PD-L1x4-1BB induces conditional
stimulation of T cells by blocking the inhibitory PD-1:PD-L1 axis and
simultaneously inducing a co-stimulatory signal via 4-1BB. This
unique and distinctive mechanism of action may result in potent
anti-tumor immunity with an improved safety profile compared to
using single PD-1/PD-L1 and 4-1BB antibodies as a combination. The
clinical safety of DuoBody-PD-L1x4-1BB in patients with solid cancers
will be assessed in a first-in-human clinical trial.
Ethics Approval
Cynomolgus macaque studies were performed at Charles River La-
boratories, Tranent, UK, in accordance with the EU legislations de-
scribed in Directive 2010/63/EU. This study was licensed by UK Home
Office under the Animals (Scientific Procedures) Act 1986 (approval num-
ber PBAD559F8, Toxicology of Pharmaceuticals, Protocol 15) and over-
seen by Genmab B.V. The use of tumor tissue resections was approved
by BioNTech AG’s Ethics Board, approval number 837.309.12 (8410-F).
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Background
Although PD1 inhibitors represent a breakthrough in classical Hodg-
kin lymphoma, responses are substantially lower in follicular lymph-
oma (FL) (1). T-cell exhaustion plays an important role in the tumor
microenvironment (TME) of FL and expression of exhaustion markers,
such as PD1, TIM3 and LAG3, correlates with poor outcomes (2, 3).
The reactivation potentials of different exhausted T-cell subsets in FL
remain unknown. In this study we sought to determine different de-
grees of dysfunction in FL.
Methods
We developed a model to induce T-cell exhaustion in healthy donor T-
cells isolated from peripheral blood and activated using IL-12, which al-
lows us to manipulate the exhaustion phenotypes over time and mimics
the exhaustion state present in FL. We assessed expression of exhaustion
markers, cytokines and proliferation by flow cytometry. We compared
these results to 6 samples from FL lymph nodes. To assess different de-
grees of dysfunction, we blocked PD1, TIM3 and LAG3 signaling alone
and in combination.
Results
The ability of T-cells activated and treated with IL-12 to proliferate
and produce perforin was lower compared to that of cells not
treated with IL-12, confirming that IL-12 induces exhaustion (Figure
1a). IL-12 led to expression of PD1 ligands on the majority of PD1-
expressing cells whereas TIM3 ligands were predominantly expressed
on TIM3- cells. Of note, activation did not lead to co-expression of
PD1/PD-L1 suggesting a possible autocrine mechanism of exhaustion
(Figure 1b). Prolonged exposure to IL-12 led to increased expression
of TIM3 over time, whereas PD1 expression occurred early and plat-
eaued after day 6 of treatment (Figure 1c). LAG3 was mainly
expressed on PD1+ cells and most were also TIM3+ (Figure 1d). Cells
expressing PD1 had a higher degree of dysfunction compared to
PD1-TIM3+ cells (Figure 2a) and TIM3 blockade led to better reversal
of function compared to PD1 or LAG3 blockade (Figure 2b). Since
PD1-TIM3+ cells appeared more functional, we tested the effect of
blocking antibodies on them. TIM3 or LAG3 blockade were able to
restore both proliferation and IFN-g production, but dual TIM3/LAG3
blockade did not have better effects than either blockade alone (Fig-
ure 3a). PD1- TIM3+ cells had the highest reactivation potential
amongst other subsets (Figure 3b).
Conclusions
Different exhausted T-cell subsets exhibit different degrees of
dysfunction in FL. Future studies should focus on identifying tar-
gets for immunotherapy on T-cell subsets with high reactivation
potential.
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Background
Inhibitory receptors (IRs) prevent exacerbated T cell activation, yet can
be hijacked by tumors for protection from immune attack. LAG3 co-
expression with PD1 defines functionally exhausted T cells, with com-
binatorial blockade against these IRs in clinical trial. However, LAG3 ex-
pression and function is itself regulated by ADAM10/17- mediated cell
surface cleavage at the connecting peptide. Our previous studies have
shown that non-cleavable LAG3 (LAG3.NC) mutant T cells exhibit re-
duced cytokine production and proliferation in vitro, prompting us to
examine whether LAG3 shedding from the surface of T cells is neces-
sary to mount an effective antitumor immune response in vivo [1].
Methods
A conditional knock-in mouse was generated to restrict LAG3.NC to
all T cells (CD4Cre) or specifically CD8+(E8ICre.GFP), CD4+ (ThPOK-
CreERT2) or CD4+Foxp3+ populations (Foxp3CreERT2), by Cre-LoxP-
mediated replacement of the connecting peptide with a mutant
form. Moreover, LAG3 and ADAM10 expression was assessed to
understand the translational relevance of LAG3 shedding in a cohort
of patients with head and neck squamous cell carcinoma (HNSCC).
Results
LAG3.NC-CD4Cre and LAG3.NC-ThPOKCreERT2 mice resist anti-PD1
therapy and succumb to MC38 tumor growth, compared to ~40% of
controls and LAG3.NC-E8ICre.GFP mice becoming tumor-free. This
phenotype is effector CD4+ T cell-mediated, and not Treg-mediated,
as LAG3.NC-Foxp3CreERT2 mice clear tumors. Intrinsically, CD4
+Foxp3– TIL isolated from LAG3.NC-CD4Cre mice show reduced pro-
liferation and IFN-g/TNF- a compared with controls. CD8+ TIL also
show reduced cytokine release, extrinsically affecting CD8+ pmel-1 T
cells in an adoptive transfer model into B16-gp100-bearing LAG3.NC-
CD4Cre hosts. Selective ADAM10 inhibition in vivo, also reduces IFN-
g/TNF-a proposing that metalloproteinase-mediated LAG3 cleavage
limits an antitumor immune response. This is clinically relevant as
HNSCC patients show reciprocal expression of LAG3 and ADAM10
that is particularly evident on CD4+ T cells. This inverse correlation
shown in patients with high LAG3 and low ADAM10 expression on
CD4+Foxp3– T cells in peripheral blood is associated with higher
HNSCC disease stage and reduced patient survival.
Conclusions
Overall, these data suggest that failure of LAG3.NC-CD4Cre/ThPOK-
CreERT2, but not LAG3.NC-E8ICre/Foxp3CreERT2, mice to clear MC38
tumors suggests that LAG3 shedding on CD4+Foxp3– T cells is ne-
cessary for CD8+ TIL to mediate an effective antitumor immune re-
sponse. Indeed, HNSCC patients with higher LAG3 expression on CD4
+Foxp3– T cells, due to lower ADAM10 expression, have poorer prog-
nosis. Understanding the role of LAG3 shedding on T cells is thus
clinically relevant, and may be useful as a potential biomarker for pa-
tient responsiveness to anti-PD1 immunotherapy.
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Background
CD47 is a membrane protein overexpressed on tumor cells and consid-
ered as an innate immune checkpoint. CD47 interacts with SIRPα on
myeloid cells and induces a “don’t eat me” signal that allows healthy
cells to limit elimination by immune cells, in particular macrophages.
CD47 upregulation in solid and hematological cancers is correlated
with poor clinical prognosis, almost certainly by allowing tumor cells to
escape immune surveillance. Blocking the CD47-SIRPα axis is thus an at-
tractive approach to foster tumor cell killing by tumor-associated mac-
rophages (TAMs) and boost cross-priming of anti-tumor T cells by
dendritic cells (DC). However, CD47 targeting is hindered by haemato-
logical toxicity due to its ubiquitous expression. To focus CD47 block-
ade on tumor cells, we generated two bispecific antibodies (biAbs)
pairing a high affinity arm targeting a tumor associated antigen (TAA),
i.e., CD19 or mesothelin (MSLN), to an optimized lower affinity arm tar-
geting CD47 and investigated their efficacy in xenograft tumor models.
Methods
BiAbs targeting CD47xCD19 or CD47xMSLN were tested in immunodefi-
cient mice implanted with the following human tumor cell lines: Raji
(CD19+, lymphoma), OVCAR-3 (MSLN+, ovarian) or MSLN-transfected
HepG2 (hepatic). Analysis by flow cytometry and Nanostring technology
was used to evaluate the impact of the biAbs on the tumor microenviron-
ment. The contribution of macrophages to tumor growth inhibition was
addressed by clodronate-mediated depletion. Finally, biAbs-stimulated
cross-priming of anti-tumor T-cells by DC was assessed in vitro.
Results
BiAbs controlled the growth of CD19+ lymphomas and MSLN+ tumors. In
the Raji xenograft model, treatment with the CD47xCD19 biAb did not in-
crease the number of TAMs, but enhanced their tumoricidal activity (i.e.,
more macrophages engulfing tumor cells). The treatment also reduced
the proportion of CD11b+Ly6g+ granulocytic myeloid-derived suppressor
cells. In contrast, in the MSLN-transfected HepG2 xenograft model, treat-
ment with the CD47xMSLN biAb induced a significant increase of macro-
phages in the tumor. Depletion of phagocytic cells with clodronate
impaired the anti-tumor activity of the biAbs, highlighting the role of
macrophages. Finally, the biAbs promoted cross-priming of tumor
antigen-specific T-cells, suggesting the potential of CD47xTAA biAbs to
enhance anti-tumor T cell responses.
Conclusions
CD47 targeting biAbs, tethered to cancer cells by their TAA binding arm,
remodel the tumor microenvironment enhancing macrophage tumorici-
dal function. Furthermore, the ability for the biAbs to amplify DC-induced
cross-priming of tumor antigen to T-cells further augments the antitumor
efficacy potential of such molecules.
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Background
FAZ053 and spartalizumab are humanized immunoglobulin G4 mono-
clonal antibodies (mAbs) that bind anti-programmed death ligand-1
(PD-L1) and programmed death-1 (PD-1), respectively. We report the
dose-escalation results from an ongoing Phase I study of FAZ053 ±
spartalizumab in patients with advanced malignancies, enriched for pa-
tients with chordoma, a rare subtype of sarcoma.
Methods
Patients received escalating doses of single-agent (SA) FAZ053 intra-
venously once every 3 weeks (Q3W) or 6 weeks (Q6W), or FAZ053 +
spartalizumab Q3W. The primary objective was to assess the safety
and tolerability of FAZ053 ± spartalizumab, and determine recom-
mended doses for expansion (RDEs). Dose escalation was guided by
an adaptive Bayesian logistic regression model following the escal-
ation with overdose control principle.
Results
=As of the data cutoff of March 30, 2018, 61 patients received SA
FAZ053 at doses 80–1600 mg Q3W or 800–1600 mg Q6W. Most pa-
tients (n=54; 89%) received prior treatment; 1 (2%) received prior
anti-PD-1. FAZ053 exposure was generally dose proportional, with
terminal half-life of ~16–18 days. A dose-limiting toxicity occurred in
1 patient (Grade 4 renal failure; FAZ053 1600 mg Q6W). RDE was de-
termined to be 1200 mg Q3W or 1600 mg Q4W. Adverse events
(AEs) of all grades assessed as possibly related to treatment were re-
ported for 33 patients (54%); most commonly (≥10%) fatigue (n=11;
18%) and pruritus (n=8; 13%); 4 patients (7%) had Grade 3/4
treatment-related AEs, including elevated amylase (3%), renal failure,
elevated lipase, elevated AST, and elevated blood CPK (each 2%). For
these patients treated with SA FAZ053, partial responses (PRs) were
demonstrated in 4 patients (7%) with chordoma, alveolar soft part
sarcoma (ASPS), poorly differentiated carcinoma of scalp, and penile
squamous cell carcinoma (duration of treatment 5.5–12.5 months; all
with treatment ongoing). Among 5 patients with chordoma treated
with SA FAZ053, 1 patient has a PR, treatment ongoing >12 months,
and 4 patients have stable disease ongoing (+4% to –29%). Data for
57 patients treated with combination FAZ053 (20–1200 mg) + sparta-
lizumab 300 mg Q3W are preliminary. Updated results and biomarker
data for patients receiving SA and combination treatment, including
additional patients with chordoma, will be presented.
Conclusions
SA FAZ053 was well tolerated and the RDE was determined to be
1200 mg Q3W. Clinical activity was observed in a range of indications
including chordoma, a rare tumor without standard therapy options.
Trial Registration
www.clinicaltrials.gov; NCT02936102
Ethics Approval
This study was approved by an independent ethics committee or in-
stitutional review board at each site.
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Background
The PD-1/PD-L1 checkpoint is a central mediator of immunosuppres-
sion in the tumor immune microenvironment (TME). To characterize
factors regulating PD-L1 expression on tumor and/or immune cells, we
investigated the effects of TME-resident cytokines and the role of tran-
scription factors in constitutive and cytokine-induced PD-L1 expression.
Methods
Thirty-four cultured human tumor lines derived from 18 melanomas
(MEL), 12 renal cell carcinomas (RCC), and 4 squamous cell carcinomas
of the head and neck (SCCHN), and normal donor peripheral blood
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monocytes (Monos), were treated with cytokines that we found
expressed in the PD-L1+ TME by gene expression profiling (GEP), in-
cluding IFN-g, IL-1a, IL-10, IL-27 and IL-32g. PD-L1 cell surface protein
expression was detected by flow cytometry, and mRNA by quantitative
RT-PCR. Total and phosphorylated STAT1, STAT3, p65 and c-jun proteins
were detected by Western blotting. STAT1, STAT3, p65 and c-jun were
knocked down with siRNAs. The proximal promoter region of CD274
(PD-L1) was sequenced in all cultured tumor lines.
Results
PD-L1 protein was not constitutively expressed on cultured MELs, but
was found on some RCCs (n=6) and SCCHNs (n=3). Brief IFN-g exposure
induced PD-L1 on MELs, and induced or upregulated PD-L1 on RCCs and
SCCHNs. Among other TME-resident cytokines detected in human PD-L1
+ tumor biopsies by GEP, IL-27 and IL- 1a increased PD-L1 expression on
cultured tumor lines, alone or in combination with IFN-g. In short-term
cultured Monos, PD-L1 expression was induced by these and additional
cytokines, including IL-10 and IL-32g. Changes in PD-L1 protein expres-
sion (FACS) correlated with mRNA levels, suggesting cytokine regulation
primarily via mRNA transcription and not via protein translocation. siRNA
knockdown of STAT1 but not STAT3 reduced IFN-g- and IL-27-induced
PD-L1 protein expression on tumor lines and Monos. In contrast, STAT3
knockdown in Monos reduced IL-10-induced PD-L1 protein expression,
and p65 knockdown in tumor lines reduced IL-1a-induced PD-L1 expres-
sion. Notably, constitutive PD-L1 expression was not affected by knocking
down STAT1, STAT3, p65 or c- jun. Differential effects of IFN-g, IL-1a, and
IL-27 were not due to CD274 promoter polymorphisms or mutations.
Conclusions
Multiple cytokines play important and cell type-selective roles in pro-
moting PD-L1 expression in the TME.
Activation of STAT1, STAT3 or p65 was associated with PD-L1 expres-
sion in response to distinct cytokines. Factors driving constitutive
tumor cell PD-L1 expression were not identified in this study. How-
ever, in many cancers, adaptive expression of PD-L1 on tumor and/or
stromal cells reflects an immune-reactive TME that can be unleashed
by anti-PD-1/PD-L1 therapy.
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Background
The immune checkpoint co-inhibitory receptor TIGIT (T cell immuno-
globulin and immunoreceptor tyrosine-based inhibitory motif) is
expressed on activated CD4+ T, CD8+ T and NK cells and on regula-
tory T cells (Tregs). Blocking TIGIT interaction with its ligand CD155
can re-energize tumor antigen-specific CD8+ T cells, unleash NK cells
and inhibit Treg-mediated immunosuppression in the tumor micro-
environment. Previous reports showed strong efficacy of anti-TIGIT
antibodies in combination with anti-PD(L)1 agents in multiple tumor
models, indicating a potential for TIGIT blocking antibodies as a com-
bination partner for cancer treatment. Here we report discovery of a
novel, humanized, Fc-enabled, subnanomolar anti-TIGIT antibody
with significantly enhanced tumor inhibition as a monotherapy, thus
differentiating it from current anti-TIGIT molecules.
Methods
TJT6 was generated by traditional hybridoma technology using extra-
cellular domain (ECD) of human TIGIT as immunogen and then hu-
manized through complementarity determining region (CDR)
grafting. The TIGIT antigen binding and CD155 receptor blocking ac-
tivities of TJT6 were evaluated for through both protein-based and
cell- based assays. The immunological function of TJT6 was further
studied in a TIGIT- and its counterreceptor CD226- overexpressed Jur-
kat cell activation assay. The in vivo efficacy of TJT6 was investigated
in MC38 tumor model using human TIGIT knock-in mice. Percentages
of tumor infiltrating CD4+ T and CD8+ T cells and the production of
interferon gamma (IFN-gamma) were analyzed by flow cytometer.
Results
TJT6, an Fc-enabled human IgG1 antibody, binds human and cyno-
molgus TIGIT with similar sub-nanomolar binding. It blocked the
interaction of TIGIT to its ligand CD155, leading to increased produc-
tion of interleukin 2 (IL-2) in a Jurkat cell line which overexpressed
TIGIT and CD226. Mono-treatment of TJT6 significantly suppressed
tumor growth in a dose-dependent manner in a syngeneic MC38
tumor model compared to vehicle, achieving maximal 80% tumor
growth inhibition at 10 mg/kg. Percentages of tumor infiltrating CD4
+ and CD8+ T cells and the production of IFN-gamma in CD8+ T cells
were significantly enhanced after anti-TIGIT antibody treatment.
Conclusions
We have successfully discovered a TIGIT-blocking therapeutic antibody
with strong efficacy in the inhibition of tumor growth and reinvigoration
of tumor-infiltrating CD8+ T cells. TJT6 represents potentially a best-in-
class molecule with superior potency as a single agent and is undergo-
ing preclinical development with an aim to enter clinical studies in 2019.
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Background
With high spatial heterogeneity and biological complexity, resected
tumor samples present a significant characterization challenge, par-
ticularly when samples are scarce. Multiplexing in a single, intact tis-
sue sample is required to identify cell types, understand biological
pathways, and map cellular interactions. Ultivue has developed a
portfolio of multiplexed immunofluorescence tissue imaging assays
(UltiMapper assays) that simultaneously enable whole-slide imaging
and integrate seamlessly with existing instrumentation to address
key questions in immuno-oncology. This work highlights the applica-
tion of UltiMapper assays in human tumor samples to profile and
phenotype T-cells – including regulatory T-cells, activated T-cells,
exhausted T-cells, and memory T-cells. Each T-cell subtype plays an
important role in the immune response to cancer and determining
the presence and interactions of each T-cell population drives a dee-
per understanding of the biological mechanisms at work.
Methods
UltiMapper assays were used to perform multiplexed IHC on deidenti-
fied FFPE tissue samples using control tissues (tonsil) and on multiple
tumor types (lung, melanoma, colon, or breast). Three separate panels
were run on serial sections. The UltiMapper I/O T-Reg panel included
the markers CD4, CD25, and FoxP3, as well as a tumor markers pan-
cytokeratin (CK) for carcinomas and Sox10 for melanomas. The UltiMap-
per I/O T-Act panel included markers CD3, Granzyme B, Ki67, CK, and
SOX10. The UltiMapper I/O PD-1 panel included markers CD3, CD45RO,
PD- 1, CK, and SOX10. Staining was performed manually or using the
Leica Bond Rx™ autostainer. Imaging was performed on various tissue
scanners including the Zeiss Axio Scan.Z1, and image analysis was per-
formed using HALO from Indica Labs.
Results
Each marker in the UltiMapper panels was individually compared at
the singleplex level to reference IHC assays to confirm staining speci-
ficity. Serial tissue sections stained with the UltiMapper panels were
found to have good reproducibility. In tumor samples, a range of
abundance and expression of infiltrating T-cells was observed. Cell
counts for all possible phenotypes were obtained for each panel to
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identify regulatory T-cells, activated T-cells, exhausted T-cells, and
memory T-cells. Spatial analysis was employed to map the degree of
T-cell infiltration between tissue samples.
Conclusions
Target specificity was confirmed for the UltiMapper I/O T-Reg, T-Act,
and PD-1 panels. UltiMapper assays are proficient in maintaining tis-
sue integrity and identifying several subsets of T-cells within and sur-
rounding tumor sections. The UltiMapper assay can be implemented
by any lab possessing a standard fluorescent microscope and does
not rely on the purchase of, nor access to, more expensive platforms.
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Background
4-1BB is an inducible costimulatory receptor expressed on activated
T and natural killer (NK) cells. Activation of 4-1BB results in improved
survival, proliferation and enhanced effector functions of the T and
NK cells. Treatment with 4-1BB antibodies in preclinical mouse tumor
models leads to tumor eradication and induction of long-term im-
munity. 4-1BB is a promising candidate for immunotherapy, however
4-1BB antibodies in clinical development, have either been suffering
from poor efficacy or toxicity. ATOR-1017 is a 4-1BB ligand-blocking
IgG4 antibody, designed for improved safety and enhanced efficacy.
The functional activity is dependent on engagement with Fcγ recep-
tors (FcγRs), directing the immune activation to the tumor area
where 4-1BB as well as certain FcγRs are highly expressed.
Methods
ATOR-1017 was characterized using human primary cells isolated
from leukocyte concentrates from healthy donors or 4-1BB reporter
assays co-cultured with FcγR-expressing cells. The in vitro effects
were measured using either ELISA or FACS. Co-expression of 4-1BB,
FcγRI and FcγRIIb was assessed on human tumor tissue samples by
immunohistochemistry (IHC).
Results
ATOR-1017 blocks the 4-1BBL binding to the 4-1BB receptor and
binds to a unique epitope compared to the 4-1BB antibodies cur-
rently in clinical development. Co-stimulation of human primary CD8
+ T cells with ATOR-1017 induces a potent CD8+ T cell activation
only after cross-linking by FcγRI or FcγRIIb. Similarly, ATOR-1017 in-
duces an FcγR-dependent cytotoxic phenotype in NK cells. The im-
portance of the improved cytotoxic profile of NK cells is further
supported by combining ATOR-1017 with a tumor targeting anti-
body, which synergistically enhances the induction of antibody-
dependent cell-mediated cytotoxicity (ADCC).Co-expression of FcγRs
and 4- 1BB is required for induction of a tumor-directed immune re-
sponse. This was demonstrated in solid tumors as well as lymph-
omas, using IHC multiplex staining of 4-1BB, FcγRI and FcγRIIb.
Tumor tissue from several tumor indications demonstrated a high
and co-localized expression of the targets, supporting a tumor-
directed immune response of ATOR-1017.
Conclusions
ATOR-1017 is a FcγR crosslinking dependent 4-1BB agonistic anti-
body with an activation profile that minimize the risk for inducing
systemic immune activation and toxicity. ATOR-1017 was designed
for an optimal efficacy and improved safety, by combining the IgG4-
format that mediates a potent FcγR cross-linking with a unique bind-
ing epitope on 4-1BB. The immune activation will be directed to tu-
mors co-expressing both specific FcγRs and 4-1BB, which are
potential biomarkers for patients as well as tumor indication selec-
tion. ATOR-1017 is currently in preclinical development phase and
clinical studies are planned for 2019
Ethics Approval
This study was approved by Lund/Malmö Ethics Board approval num-
ber M142-15.
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Background
Current combination immunotherapy with bispecific antibodies,
linked scFv's or T cell engagers have not been able to both block
checkpoints and agonize TNF receptors; likely because these mole-
cules lose target avidity when engineered to bind multiple targets
with monovalent antigen binding arms. Fusion proteins incorporat-
ing the extracellular domain (ECD) of type I membrane proteins (e.g.,
Enbrel, Orencia) or type II membrane proteins (e.g., OX40L-Fc, GITRL-
Fc), linked to the hinge-CH2-CH3 domain of antibodies are both
functional, despite the fact that their ECDs are in opposite orienta-
tions. Here we report the generation of a two-sided fusion protein
platform linking type I ECDs to type II ECDs by a central domain
(Agonist Redirected Checkpoint, ARC), and present preclinical find-
ings on one of the PD1-containing molecules in our pipeline; PD1-Fc-
OX40L.
Methods
Human and mouse PD1-Fc-OX40L were produced and characterized
using a range of biochemical assays to determine molecular weight,
subunit composition & binding affinity; molecular assays to
characterize in vitro/ex vivo binding & functional activity; and anti-
tumor efficacy in multiple syngeneic tumor models. Human PD1-Fc-
OX40L completed GMP manufacturing and GLP NHP toxicity studies,
with anticipated IND filing in Q4 2018.
Results
The PD-1 end of the ARC binds immobilized PD-L1 and PD-L2 at 2.08
and 1.76 nM affinity, respectively, and binds PD-L1 on human tumor
cells in vitro and in vivo. The OX40L end of the ARC binds immobi-
lized OX40 at 246 pM affinity and binds OX40 on primary T cells.
High binding affinity on both sides of the construct translated to po-
tent stimulation of OX40 signaling and PD1:PD-L1/L2 blockade, in
multiple in vitro assays, including improved potency as compared to
pembrolizumab, nivolumab, tavolixizumab and combinations of
those antibodies. Furthermore, when activated human T cells were
co-cultured with PD-L1 positive human tumor cells, PD1-Fc- OX40L
was observed to concentrate within the immune synapse, which en-
hanced proliferation of T cells and production of IL-2, IFNγ and TNFα;
leading to efficient killing of tumor cells. The therapeutic activity
of PD1-Fc- OX40L in established murine tumors was superior to
PD1 blocking, OX40 agonist, or combination antibody therapy.
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Importantly, all agonist functions of PD1-Fc-OX40L are independ-
ent of Fc receptor cross-linking.
Conclusions
These data demonstrate feasibility and function of a novel chimeric
fusion protein platform, providing checkpoint blockade and TNF
superfamily costimulation in a single molecule, which is uniquely ad-
vantageous because the construct links those two signals in the
same microenvironment, at the time in which T cells are engaging
cognate tumor antigens.
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Background
Current combination immunotherapies with bispecific antibodies,
linked scFv's or T cell engagers have not been able to both block
checkpoints and agonize TNF receptors. This is likely because these
molecules lose target avidity when engineered to bind multiple targets
with monovalent antigen binding arms. Fusion proteins incorporating
the extracellular domain (ECD) of type I membrane proteins (e.g.,
Enbrel, Orencia) or type II membrane proteins (e.g., OX40L-Fc, GITRL-
Fc), linked to the hinge-CH2-CH3 domain of antibodies are both func-
tional, despite the fact that their ECDs are in opposite orientations. Here
we report the generation of a two-sided fusion protein platform that
links type I ECDs to type II ECDs by a central domain (Agonist Redir-
ected Checkpoint, ARC), and present preclinical findings on two mole-
cules in our pipeline; TIM3-Fc-OX40L and TIM3-Fc-CD40L.
Methods
Shattuck synthesizes both murine and human versions of ARCs, and
assesses them using biochemical assays to determine molecular
weight, subunit composition & binding affinity; molecular assays to
characterize in vitro/ex vivo binding, in vitro functional activity; and
anti-tumor efficacy in multiple syngeneic tumor model systems.
TIM3- Fc-OX40L & TIM3-Fc-CD40L have advanced into cell line devel-
opment and early manufacturing.
Results
The TIM3 end of the fusion protein binds GAL9 and phosphtidylser-
ine (PS) on human tumor cells. The OX40L/CD40L ends bind OX40
and CD40, respectively, on the surface of primary PBMCs. Both TIM3-
Fc-OX40L & TIM3-Fc-CD40L activate NF B signaling in cells engi-
neered to overexpress OX40 or CD40 and an NF B- luciferase re-
porter, and also in NIK signaling reporter cells. Each TIM3-containing
ARC induces a unique cytokine signature in PBMCs incubated with
the super-antigen Staphylococcal enterotoxin B, or when cultured in
AIMV media. In vivo, the therapeutic activity of TIM3-Fc-OX40L and
TIM3-Fc-CD40L in established murine MC38 and CT26 tumors was su-
perior to TIM3-blocking antibody, OX40-/CD40-agonist antibody
monotherapies, and the respective correlating combination antibody
therapy. Importantly, a pharmacodynamic biomarker of tumor rejec-
tion was identified by coordinated elevations in serum IFNγ, IL-2, IL-
4, IL-5, IL-6 and IL-17A. Interestingly, therapeutic activity (anti-tumor
in mice or human cytokine secretion in the SEB assay) was enhanced
when ARCs were combined with antibody blockade of PD1.
Conclusions
These data demonstrate feasibility and functional activity of a novel
chimeric fusion protein platform, providing checkpoint blockade and
TNF superfamily costimulation in a single molecule, which is uniquely
advantageous because the construct links those two signals in the
same microenvironment, at the time in which T cells are engaging
cognate tumor antigens.
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Background
CD137 is a co-stimulatory member of the tumor necrosis factor re-
ceptor superfamily (TNFRSF) that is expressed by discrete populations
of T and natural killer (NK) cells. Agonist antibodies targeting CD137
are potent inducers of tumor-reactive T cell proliferation, cytokine
production and cytotoxicity, and have been explored clinically for
their ability to enhance immune cell-mediated destruction of tumor
cells. Despite early signs of clinical activity, the development of first
generation anti-CD137 antibody has been hampered by on-target
dose-limiting hepatotoxicity. Next-generation CD137 therapies have
therefore sought to localize CD137 agonism to the tumor microenvir-
onment (TME) to potentially improve tolerability in patients. How-
ever, these approaches may also limit the potential benefit of CD137
signaling outside the TME that contributes to anti-tumor immunity,
such as T cell priming in tumor draining lymph nodes. Here we de-
scribe the pharmacologic and non-clinical safety profile of AGEN2373, a
novel anti-CD137 antibody designed to provide potent CD137 co-
stimulation in the presence of CD137 ligand and Fc gamma receptor-
expressing antigen presenting cells. Importantly, AGEN2373 was well-
tolerated in non-human primates, therefore supporting the potential
for a therapeutic window in patients either as a monotherapy, or in
combination with immune checkpoint blockade.
Methods
Binding assay; Pharmacologic and non-clinical safety study in non
human primates; Signaling reporter assay; Cytokine secretion assay
Ethics Approval
Non human primate and rodent studies were approved by Agenus
Institutional Animal Care and Use Committee (IACUC).
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Background
The PD-1/PD-L1 checkpoint axis is a negative regulator of CD8+ T
and NK cell function. Immunotherapy targeting this axis has failed to
provide significant and durable clinical benefit in the majority of pa-
tients with solid carcinomas. In a recent clinical study, patients with
NSCLC refractory to PD-1 blockade showed signs of clinical responses
to the PD-1 targeting antibody nivolumab when given in combin-
ation with the IL-15 superagonist N-IL15 (previous known as ALT803).
N-IL15 has been shown to promote significant expansion of circulat-
ing NK and CD8+ T cells in cancer patients and has displayed anti-
tumor efficacy in murine models of solid carcinomas. Current studies
are investigating the combination of N-IL15 with other immunother-
apies, especially those that decrease immune suppression in the
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tumor microenvironment (TME). Thus, it may be possible to improve
anti- tumor efficacy through the generation of a molecule that tar-
gets IL-15 activity to the TME and potentially reduces immunosup-
pression and immune-related adverse events.
Methods
Using multiple murine models of human solid carcinomas, we exam-
ined the immunomodulatory effects and anti-tumor efficacy of N-
IL15/PDL1, a novel bifunctional immune-oncology agent comprising
N-IL15 fused to two single chain anti-PD-L1 variable region domains.
Results
Similar to N-IL15, N-IL15/PDL1 expanded splenic NK and CD8+ T cells.
N-IL15/PDL1 promoted a 3.5- and 3.8-fold increase in NK and CD8+ T
cell numbers, respectively, as compared to PBS treatment. Both NK
and CD8+ T cell populations displayed a more active phenotype,
characterized by significant upregulation of numerous activation-
and effector function-associated proteins including NKG2D, Ki67, and
Granzyme B. Additionally, N- IL15/PDL1 was able to partially block
PD-L1 expression in the spleen and tumor. Importantly, N-IL15/PDL1
promoted significant reduction in the growth of MC38-CEA+ colon
carcinoma tumors, with 70% of mice undergoing complete tumor re-
jection. In addition, N-IL15/PDL1 was able to drastically reduce spon-
taneous metastasis of 4T1 triple-negative breast tumors to the lung
by 82% as compared to PBS treatment. In both murine carcinoma
models, N-IL15/PDL1 was well-tolerated and displayed comparable or
improved anti-tumor efficacy versus previous studies with N-IL15 or
PD-L1 monotherapy or N-IL15 plus PD-L1 combination therapy.
Conclusions
Together, these findings offer a preclinical proof of concept for the
clinical use of the novel bifunctional immune-oncology agent N-IL15/
PDL1 to promote tumor control given either as a monotherapy or in
combination with additional immunotherapies or standards of care.
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Quantitative cell-based reporter gene bioassays to advance
individual or combination cancer immunotherapy
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Garvin, Michael Beck, Jim Hartnett, Frank Fan, PhD, Mei Cong, PhD, Zhi-
jie Cheng, PhD
Promega, Madison, WI, USA
Correspondence: Zhi-jie Cheng (jey.cheng@promega.com)
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Background
Targeting immune checkpoint receptors (e.g., PD-1, CTLA-4) has
emerged as a promising new approach to enhance anti-tumor im-
mune responses. While cancer immunotherapies directed against PD-
1 and CTLA-4 are showing unprecedented efficacy, some patients
and tumor types remain refractory to these therapies. This has re-
sulted in a broadening of immunotherapy research and development
to include additional inhibitory (e.g., LAG-3, TIGIT) or stimulatory (e.g.,
4-1BB, ICOS) co-receptors targeted individually or in combination
with other immune co- receptors.A major challenge in the develop-
ment of biologics is access to quantitative and reproducible func-
tional bioassays. Existing methods rely on primary cells and
measurement of complex functional endpoints. These assays are
cumbersome, highly variable, and fail to yield the data quality re-
quired for drug development. To address this need, we have devel-
oped a suite of cell-based reporter gene bioassays for drug
candidates of immune checkpoint targets (PD-1 CTLA-4, LAG-3, TIGIT,
BLTA), drug candidates of immune co-stimulatory targets (ICOS, 4-
1BB, OX40, GITR, CD27, HVEM (LIGHT), CD40), as well as bispecific
antibody drugs targeting two immune checkpoint receptors simul-
taneously (PD-1+LAG-3, PD-1+TIGIT, PD-1+CTLA-4, PD-1+4-1BB).
Methods
These reporter-based bioassays were rationally designed to reflect
the mechanism of action (MOA) of drug candidates targeting im-
mune receptors. For each assay, an engineered cell line in an im-
mune cell background was generated which stably expresses an
immune target receptor and a luciferase reporter driven by a pro-
moter responding to TCR signaling or activation of a specific immune
receptor. These cell lines were further developed into a Thaw-and-
Use format that can be used in assays without the need for cell
culture.
Results
These cell-based bioassays reflect the MOA of each drug target and
demonstrate specificity for research-grade antibodies as well as
FDA-approved drugs (e.g., nivolumab, ipilimumab). The assay sig-
nals are robust and highly reproducible. The assays have been pre-
qualified according to ICH guidelines and demonstrate the perform-
ance required for use in antibody screening, QC lot release and sta-
bility studies.
Conclusions
We have developed a suite of MOA-based bioassays for immune
checkpoint and co-stimulatory T cell receptors. These assays are
easy to use, demonstrate high assay specificity, sensitivity and re-
producibility, and are suitable for drug development in a quality-
controlled environment.
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A phase 1a/b study investigating novel anti-PD-L1 antibody
(LY3300054): interim safety and clinical activity in patients with
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Background
LY3300054 is a novel human monoclonal antibody (IgG1, lambda, Fc-
null) targeting PD-L1 expressed on tumor cells and tumor-infiltrating
immune cells, preventing binding to its T-cell receptors (PD-1 and
CD-80). Here we report phase 1b safety and preliminary efficacy re-
sults from LY3300054 monotherapy in patients (pts) with MSI- high
(MSI-H) solid tumors and metastatic melanoma (M).
Methods
This ongoing, phase 1a/b, multicenter, dose escalation and expan-
sion study enrolled patients with histologically or cytologically con-
firmed advanced cancer having ECOG PS 0-1, measurable disease
(assessable by RECIST v1.1), and no prior treatment with PD-1/PD-
L1 agents. The primary objectives for this study were to assess
safety and tolerability, secondary objectives included efficacy and
pharmacokinetics, and exploratory objectives were biomarker ana-
lysis and overall survival. All patients received intravenous infusions
of LY3300054 Q2W at 700 mg. Adverse events (AEs) were assessed
per NCI CTCAE v4.0; tumor assessment per RECIST v1.1. Recruitment
in the M cohort was closed early as eligible melanoma patients
were not able to be identified.
Results
As of 8 December 2017, 30 patients (MSI-H: n=22, M: n=8) were
treated. There were no deaths due to adverse events. Two patients
in MSI-H cohort experienced grade 3 treatment-related AEs (TRAEs):
diarrhea (n=1, 4.5%), blood creatinine phosphokinase increased (n=1,
4.5%), and hyponatraemia (n=1, 4.5%). No grade 3 events were re-
ported in M cohort, and no grade 4/5 TRAEs were reported in either
cohorts. There were no TRAEs leading to discontinuation of study
treatment. Preliminary efficacy data in MSI-H cohort showed ORR of
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36% [CR in 1 pt (5%) (ovarian), PR in 7 pts (32%) (small intestine
adenocarcinoma [1 pt], endometrial [3 pts], colon [3 pts])], DCR in
64% [SD in 6 pts (27%)]; mPFS was 7.39 months (95% CI 1.7, NR). In
the M cohort, DCR was 63% [PR in 1 pt (13%), SD in 4 pts (50%)]. As
of data cut-off, 16 pts (53%) remain on treatment. Preliminary bio-
marker analysis, including but not limited to, PD-L1 and CD8 expres-
sion and circulating markers will be presented.
Conclusions
LY3300054 was well-tolerated and demonstrated antitumor activity in
patients with MSI-H solid tumors; combination expansions are ongoing.
Trial Registration
NCT02791334
Ethics Approval
The study included multiple investigator sites, and some of these
had approval dates instead of approval numbers.
The following are listed showing approving committee followed by ap-
proval date or approval # (if available): IntegReview, 15Jun2016; IntegRe-
view, 21June2016; MD Anderson Office of Protocol Approval IRB,
26May2016; Princess Margaret Cancer Centre, University Health Network
Research Ethics Board, 16-5824 (initial approval date 01Feb2017); Comite
de protection des Personnes (CPP), EudraCT number 2016-000440-33
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Background
Cancer immunotherapies represent more than half of treatments ap-
proved for oncology, as well as those currently in development.
Among the key targets of these therapies are immune-checkpoint
molecules (i.e. PD-1, LAG3, PD-L1, CTLA-4). Novel immunotherapies
targeting these molecules are designed to impact tumor microenvir-
onment immune-suppression. The characterization and monitoring
of circulating and tumor infiltrating immune cells by flow cytometry
is a critical aspect of drug development. In order to generated robust
data to support drug development, flow cytometric methods must
be fully optimized. This poster will discuss the critical aspects of
assay optimization for flow cytometric methods with an emphasis on
screening monoclonal antibody clones for PD-1, PD- L1, and LAG-3.
The importance of the data is illustrated in the differences in assay
performance when the correct clones are identified.
Methods
Four different anti-PD-1 obtained from different providers were
screened on activated PBMC. Additionally, four PD-L1 and five LAG-3
monoclonal antibody clones were screened on activated or rested
PBMC spiked in whole blood. All antibodies were all titrated to ob-
tain saturating concentration and optimal titers were compared.
Results
On CD4+ T cells from thawed cryopreserved peripheral blood mono-
nuclear cells (PBMC), the best performance was observed with
EH12.2H7 or EH12.1 clones which identified 30-33% of CD4+ T cells
as PD-1 positive and up to 55-60% of CD8+ T cells as PD-1 positive.
Clone eBioJ105 staining of the same samples on the same day identi-
fied 14% PD-1 positive in CD4+ T cell and around 40% PD-1 positive
in CD8+ T cell, while clone MIH4 staining revealed low level of PD-1
expression on CD4+ T cells and CD8+ T cells. After ex vivo stimula-
tion with staphylococcus enterotoxin B (SEB), EH12.2H7, EH12.1 and
eBioJ105 clones all yielded similar results with 76- 85% PD-1 positive
on both CD4+ T cells and CD8+ T cells but fewer positive cells were
identified with MIH4 clone. Out of the four PD-L1 antibodies tested,
only two were able to distinguish a clear PD-L1 population on PBMC
rested for 4 days and spiked in whole blood used as positive control
for PD-L1 induction. For LAG-3 antibodies, all five were able to reveal
the induction of this checkpoint molecule on cells activated by SEB
and spiked in whole blood with % of LAG3+ cells in lymphocytes
ranging from 13% to 25%.
Conclusions
These results illustrate the importance of thorough reagent evalu-
ation in order to achieve a sensitivity coherent with the information-
rich promises of flow cytometry.

P664
Simultaneous checkpoint - checkpoint or checkpoint -
costimulatory receptor targeting with bispecific antibodies
promotes enhanced human T cell activation
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Nisthal, PhD, Umesh Muchhal, PhD, John Desjarlais PhD
Xencor, Inc., Monrovia, CA, USA
Correspondence: John Desjarlais (jrd@xencor.com)
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Background
Combination checkpoint blockade promotes productive anti-tumor
clinical responses that are often associated with an increase in
immune-related adverse events. Because tumor infiltrating lymphocytes
(TILs) typically express multiple immune checkpoints and costimulatory
receptors [1, 2, 3], we hypothesized that bispecific antibodies will en-
able targeting of tumor-reactive TILs, leading to safer and more cost-
effective combination checkpoint blockade.
Methods
We developed optimized bispecific antibody candidates that simultan-
eously engage PD1 and CTLA4 (XmAb20717), CTLA4 and LAG3
(XmAb22841), and PD1 and ICOS (XmAb23104). These antibodies con-
tain substitutions in the Fc domain to eliminate effector function. These
candidate bispecific antibodies preferentially bind cells co-expressing
the targeted receptors using transfected cell lines. The in vitro activity
of these antibodies were evaluated by measuring cytokine release from
Staphylococcal Enterotoxin B (SEB) stimulated PBMC or mixed
lymphocyte reactions (MLR). The in vivo activity of the candidate
antibodies were evaluated using a model in which human PBMC
are engrafted into NSG mice (huPBMC-NSG). Anti-tumor activity
was assessed in huPBMC-NSG mice engrafted with established
human cancer cell lines.
Results
XmAb20717 selectively binds cells expressing both PD1 and CTLA4.
Treatment with XmAb20717 enhanced engraftment of hCD45+ cells
and the release of IFNγ in NSG mice to levels equivalent to a combin-
ation of anti-CTLA4 and anti-PD1 antibodies. XmAb20717 enhanced
allogeneic anti-tumor activity of huPBMCs against KG1a cancer cells
in vivo. XmAb22841 selectively binds cells expressing both CTLA4
and LAG3. XmAb22841 combined productively with an anti-PD1 anti-
body enhancing the engraftment of hCD45+ cells and the release of
IFNγ in NSG mice via triple-checkpoint blockade. XmAb22841 com-
bined productively with an anti-PD1 antibody, enhancing allogeneic
anti-tumor activity of huPBMCs against established MCF7 solid
tumors.A bispecific antibody pairing PD1 blockade with engagement
of the T cell co-stimulatory receptor ICOS resulted in superior IL-2 re-
lease from SEB-stimulated PBMC, warranting preclinical development
of XmAb23104. XmAb23104 promoted significant IFNγ release
in vitro from a MLR in contrast to a combination of anti-PD1 and
anti-ICOS antibodies that lacked activity, illustrating the unique bio-
logical properties of XmAb23104. XmAb23104 enhanced engraftment
of hCD45+ cells and IFNγ release in NSG mice to levels higher than
anti-PD1 antibody alone. XmAb23104 enhanced allogeneic anti-
tumor activity of huPBMCs against established MCF-7 tumors in vivo.
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Conclusions
Compelling ex vivo and in vivo data support the development of
XmAb20717, XmAb23104 and XmAb22841 for the treatment of hu-
man malignancies. XmAb20717 is currently in a phase 1 study, and
IND filings for XmAb23104 and XmAb22841 are anticipated in 2018.
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Background
Adenosine accumulation in the tumor microenvironment (TME) has
been shown to limit anti-tumor immune responses [1]. We devel-
oped a model which provides a mechanistic understanding of inter-
actions between the A2AR inhibitor AZD4635 and an anti-PD-L1
antibody (Ab), as observed in four studies in CT26, MC38 and
MCA205 syngeneic mice. The model also helped identify factors
underlying inter-individual and inter-study variabilities (IIV and ISV),
through non-linear mixed effects (NLME) modeling.
Methods
A system of differential equations was used to describe antigen pre-
senting cell (APC)-dependent T cell influx into the tumor, T cell prolif-
eration and activation into cytotoxic lymphocytes (CTL), tumor cell
death, as well as corresponding PD-L1 expression and related im-
mune response modulation. APC and CTL activation are both regu-
lated by adenosine-dependent A2AR occupancy. Mechanisms of
AZD4635 and anti PD-L1 Ab were characterized in the model: while
AZD4635 prevents adenosine binding to A2AR, diminishing its im-
munosuppressive effects, anti-PD-L1 Ab blocks the negative PD-L1 ef-
fects on CTL (Fig 1A). Model parameters were taken from literature
and estimated using NLME modeling of individual longitudinal
tumor size data pooled from the studies. The following treatment
regimens were used for calibration: (1) vehicle; (2) AZD4635 10-
50 mg/kg BID; (3) anti-PD-L1 Ab 10 mg/kg BIW; (4) combination
of (2) and (3). Treatments were initiated when tumors reached a
volume of 50-90mm2.
Results
The model adequately described individual and population tumor
size patterns, for all treatment regimens and studies. IIV and ISV were
explained by differences in T cell infiltration and adenosine effect on
antigen presentation efficiency. Model simulations showed that
AZD4635 increased T cell influx and anti-tumor cytotoxic ability in a
dose-dependent manner, by stimulation of antigen presentation effi-
cacy and a direct effect on T cell activation in the TME. However,
monotherapy efficacy with AZD4635 was limited by PD-L1 negative
feedback, providing a mechanistic explanation of synergistic effect
observed in combination treatment. The model also revealed that an-
imals with stabilized tumor size dynamics (“non-progressors”) are
characterized by more efficient antigen presentation, thereby main-
taining high CTL infiltration during treatment (Fig 1B).
Conclusions
A quantitative model was developed to provide mechanistic insights
into potentially synergistic effects between AZD4635 and anti-PD-L1.
Model-based simulations showed that inhibition of intra-tumor ad-
enosine effects can lead to an increase in antigen presentation effi-
ciency and CTL infiltration – important considerations for further
dose and sequencing studies of combination therapies.
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Background
T cell Immunoreceptor with Ig and ITIM domains (TIGIT) is a co-
inhibitory receptor expressed by lymphocytes, preferentially CD8+ T
cells, NK, as well as by regulatory T cells (Tregs). TIGIT ligands belong
to the PVR/nectin family, among which PVR (CD155) shows the high-
est affinity and is commonly expressed on myeloid and upregulated
on tumor cells. TIGIT costimulatory counterreceptor CD226 (DNAM-1)
competes with TIGIT for PVR binding but with a lower affinity. Co-
expression of TIGIT and CD226 receptors on T and NK effector cells
suggests a role of these molecules in the fine control of cell activa-
tion. TIGIT expression is upregulated in cancer patients, especially on
Tregs within the tumor microenvironment that are almost all positive
for TIGIT and are described to be highly suppressive 1 [1]. Frequent
co-expression with exhaustion markers such as PD-1 is an extra argu-
ment to develop anti-TIGIT blocking antibodies as a therapeutic ap-
proach to reverse T or NK cell dysfunction associated with tumor
immune escape.
Methods
Antagonist anti-TIGIT antibodies were selected using a synthetic
yeast display library of fully human antibodies and characterized for
their binding and antitumor properties.
Results
EOS884448 anti-TIGIT mAb displays a strong affinity for recombinant
and native human TIGIT. It competes with PVR for binding to TIGIT



Journal for ImmunoTherapy of Cancer 2018, 6(Suppl 1):115 Page 356 of 398
and the blockade of the TIGIT/PVR axis restores cytokine production
in human primary T cells. To further explore its potency, EOS884448
was produced in a mammalian system with different human isotypes
that exhibit different Fc effector functions. When PBMC from healthy
volunteers were incubated with its hIgG1 format, EOS884448 demon-
strated preferential depletion of Treg cells in vitro. In vivo, two differ-
ent isotypes of a surrogate mouse anti-TIGIT mAb were used to
evaluate the anti-tumor efficacy in the colon carcinoma CT26 syngen-
eic murine model. Interestingly, only the ADCC enabling mIgG2a iso-
type was able to induce strong antitumor efficacy in monotherapy
and in combination with an anti-PD1, resulting in a complete regres-
sion of pre- established tumors in the majority of animals. Antitumor
efficacy was associated with an increased activity of conventional T
cells but also with Treg depletion within the tumor microenviron-
ment, reaffirming the in vitro data generated on human PBMCs.
Conclusions
In summary, in vitro and in vivo data demonstrate the potential for
anti-TIGIT mAb EOS884448 to promote antitumor immunity by pref-
erential depletion of Treg cells and activation of conventional T cells,
which supports the rationale for its clinical evaluation.
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Background
High levels of extracellular adenosine in the tumor microenvironment
promote tumor immune evasion. We and others have shown that ad-
enosine, predominantly through the A2A receptor (A2AR), suppresses
the Th1 cytokine production of T cells and monocytes and cytolytic
activity of T cells.
Methods
Human CD3 T cells were isolated from healthy donor PBMC using
Dynabeads. T cells in whole blood or isolated T cells were activated
using aCD3/aCD28 stimulation. pCREB assays were performed using
freshly collected mouse whole blood.
Results
We demonstrated that A2AR antagonists initially designed for Parkin-
son’s disease but repurposed for immuno-oncology dramatically lost
potency in a high adenosine environment. We therefore developed
EOS100850, a novel, non-brain penetrant and highly selective inhibi-
tor of A2AR with sub-nanomolar Ki. Using experimental conditions
that mimic tumor environment, we have shown that EOS100850 po-
tently inhibited A2AR signalling in human T lymphocytes independ-
ently of adenosine concentrations, and rescued cytokine production,
even in the presence of high concentrations of A2AR agonists. iTeos
A2AR antagonist potently rescued Th1 cytokine production in human
whole blood treated by A2AR agonists, and increased CD8+ T cell
cytotoxicity in a co-culture assay of effector CD8+ T cells and target
cancer cells. An in vivo pharmacodynamic assay based on phosphor-
ylation of CREB (pCREB) in mouse peripheral CD8+ and CD4+ T cells
was developed and validated as a readout for A2AR activation.
EOS100850, 30 minutes after oral gavage at doses ranging from 0,03
to 1mg/kg demonstrated 80 to 100% inhibition of pCREB induced by
the ex vivo addition of A2AR agonist. Remarkably, 12 hours after gav-
age at 1 and 3mg/kg, when the EOS100850 antagonist was no longer
detectable in the plasma, more than 50% of inhibition of pCREB was
still observed. These results demonstrate that EOS100850 has a PD ac-
tivity that extends well beyond its PK based on a long residence time.
iTeos’s A2AR antagonist, uniquely designed to address the challenge of
counteracting elevated adenosine concentrations in tumors, was
tested for the first time in a mouse A20 lymphoma model. iTeos’s
A2AR antagonist in combination with anti-PD-L1 demonstrated sig-
nificant tumor growth suppression compared with anti-PD-L1 alone,
with a decrease in tumor volume compared to anti-PD-L1 alone.
Conclusions
EOS100850 represents a novel, potent, insurmountable and best-in-
class A2AR antagonist, specifically optimized for immuno-oncology
indications, that deserves studies in Human.
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Background
High intra-tumoral adenosine concentrations are prevalent and
highly suppressive of the ability to mount an effective anti-tumor im-
mune response. This presents multiple therapeutic opportunities, ei-
ther by preventing extracellular adenosine generation from
nucleotide precursors or by blocking adenosine receptor activation.
Translating these therapeutic hypotheses into clinical benefit requires
careful selection of tumor types and individual patients most likely to
respond to a particular mechanism of action. Equally important is
identification of drug candidates with optimal activity profiles and
dosing regimens that allow for maximal interference with the se-
lected targets.
Methods
The ability of small-molecule adenosine receptor antagonists AB928 –
dual A2aR/A2bR – and AB745 (selective A2aR) and CD73 inhibitors
(AB680) to inhibit their respective targets was evaluated using recom-
binant biochemical/cell-based assays, human blood T cells, and im-
mune function assays (e.g., CD3/CD8; MLR). Potency under
physiological conditions was assessed using blood or serum-based as-
says. Blood-based pharmacodynamic assays were used to bridge
plasma levels effective in mouse tumor models with those expected to
achieve maximal biological effects in humans. Gene expression data
from TCGA were used to select tumor types most likely to respond to
adenosine receptor or CD73 inhibition. Immunohistochemistry was
used to confirm this selection. Various tumor and blood-based bio-
markers were developed to assess levels of adenosine-producing en-
zymes in individual patients receiving one of these drug candidates.
Results
AB928: hA2aR KB: 1.5 nM (buffer) & hA2bR KB: 2.0 nM (buffer); hA2aR
KD: 1.9 nM (20% serum); reversal of adenosine-mediated inhibition of
polyclonal T-cell activation, IC50: 1-3 nM; inhibition of pCREB activation
(human whole blood), IC50: 88 nM; healthy volunteer receptor cover-
age (blood CD8 T cells), 90% inhibition at trough, 150 mg QD. Tumor
types selected: NSCLC, CRC, GE, RCC, TNBC, Ovarian.AB680: hCD73 IC50
(CD8 T cells): 0.008 nM; Ki (soluble CD73): 0.005 nM; reversal of AMP-
mediated inhibition of T-cell activation in MLR, IC50 ~ 3 nM; inhibition
of soluble CD73 (human serum), IC50 ~16 nM; projected human half-
life: ≥ 4 days; projected clinical dosing to maintain >90% CD73 inhib-
ition: ≤ 15 mg q2w. Tumor types selected: CRC, NSCLC, GE, SCCHN.
Conclusions
The totality of the data for AB928 and AB680 (both of which are in
clinical development) indicate that 100-150 mg once-daily oral doses
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of AB928 and 10-20 mg intravenous AB680 every ~2 weeks should
be explored in tumor types that either rely on multiple pathways for
adenosine generation (AB928) or those that primarily utilize CD73 for
that purpose (AB680).
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Background
INCMGA00012 (or MGA012) is a humanized, hinge-stabilized IgG4
monoclonal antibody that binds to PD-1, inhibits the interaction of
PD-1 with PD-L1/PD-L2, and disrupts the negative signaling axis to
restore T-cell function. At doses up to 10 mg/kg twice weekly (Q2W),
INCMGA00012 has an acceptable tolerability profile with no DLTs or
MTD. A dose of 3 mg/kg Q2W was selected as the recommended
phase 2 dose (RP2D) for the tumor- specific cohorts.
Methods
The expansion contained 4 tumor-specific cohorts (endometrial, cer-
vical, soft tissue sarcoma, and non-small cell lung [NSCLC]) and 2
tumor-agnostic flat dose cohorts (500 and 750 mg Q4W). All patients
were ≥18 years old; and had disease progression during or following
1–5 prior treatments, measurable disease per RECIST v1.1, and no
prior immune checkpoint inhibitors. The primary endpoint was
safety. Adverse events were graded via CTCAE v4.03. Response was
evaluated by RECIST v1.1 with treatment past progression allowed at
the discretion of the investigator.
Results
As of July 10, 2018, 127 patients have been treated with INCM
GA00012 in the tumor-specific cohorts (29 endometrial, 33 cervical,
32 sarcoma, 33 NSCLC), and 15 each in the tumor-agnostic flat-dose
cohorts. Median (range) age was 59 (18–86) years. The majority of
patients were female (66.9%), white (85.4%), and had ECOG perform-
ance status of 1 (67.5%). Of the 127 patients treated at the RP2D, 59
(46.5%) had treatment-related adverse events (TRAEs), with rash oc-
curring most frequently (n=7 [5.5%]). Eleven patients (8.7%) had
immune-related AEs; the only immune-related AE occurring in >1 pa-
tient was colitis (n=3). Five patients discontinued treatment due to
TRAEs (colitis [n=3], transaminases increased, and iritis [n=1 each]).
There were no treatment-related deaths. RECIST responses (con-
firmed and unconfirmed) were observed in all 4 tumor types (6/25
evaluable patients with cervical cancer, 6/26 with NSCLC, 3/29 with
endometrial cancer, and 1/22 with sarcoma). Pharmacokinetics, re-
ceptor occupancy, and safety for the 500 mg Q4W flat dose com-
pared favorably to weight-based dosing at 3 mg/kg Q2W.
Conclusions
In the cohort expansion portion of this Phase 1 study, INCMGA00012
has been generally well tolerated with evidence of antitumor activity,
particularly in the refractory cervical cancer and NSCLC cohorts.
Pharmacologic properties with flat dosing are favorable for further
development. This study will be further expanded to evaluate the
500-mg Q4W dose in a larger cohort of MSI-h or dMMR endometrial
cancer patients as well as a Q3W flat dosing regimen in a tumor-
agnostic population.
Trial Registration
NCT03059823
Ethics Approval
The study was approved by institutional review boards or independ-
ent ethics committees of participating institutions.
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Background
LAG3 (CD223) is an inhibitory checkpoint expressed on activated T cells
(CD4 and CD8), NK cells and Treg cells. Persistent T-cell activation in a
chronic inflammatory environment, such as in a tumor, results in sustained
LAG3 expression, contributing to a state of exhaustion manifest in im-
paired proliferation and cytokine production. In addition, LAG3 is also
found to be expressed on Treg cells and play a role in Treg mediated im-
mune suppression. Co-expression of LAG3 and PD-1 on tumor-infiltrating
T cells is found in many human cancers including ovarian cancer, melan-
oma, hepatocellular carcinoma (HCC) and colon cancer. Dual blockade of
LAG3 and PD-1 pathway demonstrated significant therapeutic synergy for
the treatment of melanoma patients from the latest clinical studies. Here
we report the discovery of a novel LAG3 antibody, which showed a strong
potency in the T cell activation and tumor growth inhibition in combin-
ation with anti-PD-L1 antibodies, indicating a potential therapeutic value
of this antibody as a combination partner with PD-1 or PD-L1 agent.
Methods
A mouse lead clone, termed mu147H was generated by traditional
hybridoma library using human LAG3-extracellular domain as anti-
gen. After humanization and affinity maturation, the candidate anti-
body (TJA3) was selected based on a series of in vitro assays,
including affinity measurement, receptor blocking and T cell activa-
tion assay. In vivo efficacy of TJA3 was evaluated in combination with
anti-PD-L1 antibody (Tecentriq) using a syngeneic tumor model.
Results
TJA3 is an antagonist antibody against LAG3 with sub-nanomolar af-
finity. Upon binding, it blocks the interaction of LAG3 to its receptor
MHCII, leading to the increased production of IL-2 in Jurkat cells
overexpressing LAG3 and in activated human primary T cells. Under
the same T cell activation system, TJA3 showed strong synergistic ef-
fects on the T cell activation in combo with anti-PDL1 antibody. Con-
sistently, when combined with PD-L1 antibody, TJA3 can significantly
inhibit tumor growth in a syngeneic MC38 tumor model using LAG3-
humanized mice. Developability assessment of the TJA3 sequence in-
dicates that it is a reasonably developable molecule to be taken for-
ward. CMC-wise, a cell line with decent titer have been developed.
Conclusions
We have successfully discovered a LAG3-blocking therapeutic antibody
with high binding affinity and strong potency in the T cell re-
invigoration and anti-tumor efficacy. The observed synergy of our LAG3
antibody with anti- PD-L1 agent indicated a great potential of this asset
in the treatment of PD-1/PD-L1 refractory or resistant cancer patients.
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Background
Extracellular adenosine in the tumor microenvironment can create an im-
munosuppressive milieu that can act on multiple immune cell types, in-
cluding effector T cells [1]. CD73 plays a key role in the generation of
extracellular adenosine. It is highly overexpressed on multiple tumor
types and is expressed on endothelial cells as well as lymphoid and mye-
loid subsets [reviewed in 2]. CD73 is normally tethered to the cell surface
via a GPI linkage but can also be shed from the surface of cells [3] which
may result in the presence of a soluble CD73 enzyme in the tumor micro-
environment. Combined, soluble and cell expressed CD73 may generate
high adenosine levels in the tumor microenvironment. Therefore, inhib-
ition of CD73 should reduce adenosine levels in the tumor environment,
thereby relieving immune suppression and preventing tumor evasion
from the host immune system. This inhibition, either alone or in combin-
ation with immune checkpoint inhibitors such as anti-PD-1 or anti-CTLA4,
may consequently be an attractive therapeutic strategy.
Methods
Mice were immunized with soluble CD73 to generate a panel of monoclo-
nal antibodies. Antibodies were selected for ability to bind cellular CD73
and inhibit the enzymatic activity of CD73. Select candidates showing de-
sirable activity profiles were humanized prior to further characterization.
Results
We have discovered PT199, a humanized antibody that can potently
inhibit CD73 catalytic activity in both soluble and cell based enzym-
atic assays. When compared to other anti-CD73 benchmark mole-
cules, we demonstrate equivalent or improved activity, and we do
not observe a “hook” effect common to other anti-CD73 antibodies.
This is likely due to the distinct binding epitope of our antibody.
Interestingly, PT199 binding to cellular CD73 is affected by the
addition of AMPCP, suggesting that the CD73 catalytic site is import-
ant to the PT199/CD73 interaction. We are currently characterizing
the antibody in a PBMC T-cell suppression assay and the mixed
lymphocyte reaction (MLR) assay to confirm activity in cell based
functional assays as well as investigating the in vivo activity of PT199
in a mouse A375 xenograft model. These data will be presented.
Conclusions
We have generated a potent inhibitory antibody to CD73 that dem-
onstrates activity against cell surface and soluble forms of the en-
zyme. Based on its expression on tumor and stromal cells as well as
its role in immunosuppression, this antibody may represent an im-
portant tool as an immunooncology therapy.
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Background
AB122, a fully human monoclonal antibody targeting PD-1, has
shown preclinically to be similar to currently approved anti-PD-1/pro-
grammed cell death ligand 1 agents, but it may offer some unique
characteristics. Based on preclinical models, the binding affinity of
AB122 for PD-1 appears to be greater than that of nivolumab, which
may be due to a difference in epitopes for AB122 versus nivolumab,
allowing for tighter target engagement.
Methods
We present preliminary data from a phase 1, open-label, dose-
escalation (3+3 design) study evaluating AB122 monotherapy in
select advanced solid tumors. AB122 is administered intraven-
ously every 2 weeks (Q2W) at escalating doses (80, 240, 720 mg).
Intermediate Q2W doses and other schedules are also being eval-
uated. Treatment continues until progressive disease, unaccept-
able toxicity, withdrawal of consent, or other reasons for study
drug discontinuation occurs. The primary endpoint is safety/toler-
ability, and secondary endpoints are immunogenicity, pharmaco-
kinetics, pharmacodynamics, and clinical activity.
Results
As of 15Jun2018, 15 patients have been treated: 3 at 80 mg, 6 at 240
mg, and 1 at 360 mg Q2W, 2 at 360 mg every 3 weeks, and 3 at 480
mg every 4 weeks. The number of doses received ranged from 1 to
14. The most common adverse events (AEs; regardless of grade or re-
lationship to study drug) were fatigue (40%), diarrhea (27%), nausea
(20%), and constipation, insomnia, anemia, and pain (13% each). Five
patients (2 each in 80 and 240 mg Q2W cohorts and 1 in 360 mg
Q2W cohort) had treatment-related AEs (fatigue in 2 patients, vision
blurred and tremor in 1 patient, rash in 1 patient, and rash macular
in 1 patient); all were Grade 1. There were no treatment-related
grade ≥3 AEs, dose limiting toxicities, serious AEs, or discontinuations
due to AEs. Data from patients in the 80 and 240 mg Q2W cohorts
showed that AB122 serum concentrations ≥1.5 μg/mL (equivalent to
10 nM) are associated with full receptor occupancy. In 9 of 15
efficacy-evaluable patients, the best overall response was stable dis-
ease in 4 patients (44%) and progressive disease in 5 patients (56%).
For those with stable disease, tumor sites were colorectal (n=2), ovar-
ian (n=1), and head and neck (n=1), and time on study ranged from
1.9 to 5.8 months. The patients with head and neck and ovarian can-
cer each experienced a reduction in tumor lesion size.

Conclusions
AB122 demonstrated a manageable safety profile and evidence of
clinical activity in several solid tumor types.
Ethics Approval
The study was approved by Bellberry Human Research Ethics
committee (HREC), 129 Glen Osmond Road Eastwood South
Australia 5063; Institutional Review Board approval number 2017-
10-748.
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Background
The transmembrane protein Tim-3 is thought to have inhibitory ef-
fects on immune responses and its expression is increased on
exhausted T cells during chronic infection or in tumors. Despite con-
taining tyrosine residues, the C- terminal cytoplasmic domain of Tim-
3 does not have any known inhibitory motifs. On the other hand,
Tim-3 has been shown to have stimulatory effects under acute stimu-
lation conditions. We previously found that the Tim-3 has an ability
to enhance TCR signaling, as read-out by phosphorylation of S6 (pS6)
and other markers of T cell activation. Other studies suggest that ex-
tension of acute T cell activation may contribute to T cell exhaustion.
However, it is still unclear how Tim-3 expression enhances TCR sig-
naling and where Tim-3 is localized relative to the immune synapse.
Methods
Jurkat T cells transfected with WT or truncated Tim-3, or naïve T cells
from CD8-specific Tim-3-induced mice, were pretreated with
mitogen-activated protein kinase kinase (MEK) or/and protein kinase
B (AKT) inhibitors before being stimulated through the TCR; pS6 was
then assessed by flow cytometry. Jurkat cells were also conjugated
with superantigen-pulsed antigen presenting cells (APCs) to track the
localization of Tim-3 during immunological synapse (IS) formation.
These samples were analyzed by ImageStream.
Results
As we reported previously, Tim-3 expression enhanced TCR-induced
pS6 in both Jurkat and primary cells, and either MEK or AKT inhibi-
tors significantly inhibited pS6 induction. Furthermore, combined
treatment with both inhibitors reduced pS6 more than either inhibi-
tor alone and blocked the enhancement of pS6 by Tim-3 expression.
We also found that Tim-3 was recruited to the IS by conjugation with
superantigen-pulsed APCs from early time points, although the ex-
tent of polarization of Tim-3 into the synapse was not as robust as
that of CD3. Using various deletion mutants of Tim-3, we observed
that neither the extracellular IgV domain nor the intracellular cyto-
plasmic tail of Tim-3 was required for recruitment to the IS.
Conclusions
These results suggest that the MEK/ERK MAPK and PI3K-AKT path-
ways both play key roles in the enhancement of TCR signaling by
Tim-3. In addition, Tim-3 may interact with TCR signaling compo-
nents by its recruitment proximal to the TCRCD3 complex, although
our results suggest that such recruitment is not sufficient to co-
stimulate T cells. Nonetheless, this localization may help promote
more sustained T cell activation. These findings could aid further the
study of Tim-3 effects on immune regulation.
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Background
Although much clinical progress has been made in harnessing the
immune system to recognize and target cancer, there is still a signifi-
cant lack of an understanding of how tumors evade immune recog-
nition and the mechanisms that drive tumor resistance to both T cell
and checkpoint blockade immunotherapy. Our objective is to under-
stand how tumor-mediated signaling through inhibitory receptors,
including PD-1, combine to affect the process of T cell recognition of
tumor antigen and activation signaling. This with the goal of under-
standing the basis of resistance to PD-1 blockade and potentially
identify new molecular targets to enable T cells to overcome dys-
function mediated by multiple inhibitory receptors.
Methods
Methods and results are combined.
Results
We show that Lck activity affects T cell sensitivity and influences the
probability of inducing effector function[1]. Further, we showed that
Shp-1 directly influences Lck activity under non-activating conditions,
as inhibition of Shp- 1 leads to increased Lck activity. Importantly, in-
hibition of Shp-1/2, a major mediator of PD-1 signaling, targeting
CD28 and Lck[2], prior to activation leads to increased T cell cytotoxic
effector function. Our proteomics-based analysis of patient T cells
identified additional mediators of PD-1 signaling and signaling com-
ponents and pathways associated with blockade resistance. It has
generally been thought that TCR and CD8 binding depend mainly on
their ectodomain interactions with pMHC. We have shown, however,
that Lck-CD8 binding[3] and Lck activity[4] are required for upregu-
lated CD8 binding to pre-bound TCR-pMHC complex. Therefore, the
cytoplasmic associations of Lck with CD8 and Zap-70, as well as CD3
with Zap-70 may influence formation and stability of the TCR-pMHC-
CD8 complex. To determine the mechanistic basis of PD-1 inhibition
of TCR-pMHC-CD8 binding we utilized 2D affinity combined with Bio-
membrane Force Probe (BFP) measurements[5, 6] and showed that
PD-1 directly suppresses TCR-pMHC-CD8 binding. Our data also re-
vealed that TCR-pMHC binding was independent of PD-1-PD-L1, but
TCR-pMHC-CD8 binding was suppressed by PD-1-PD-L1 binding
demonstrating negative cooperativity, as fewer bonds formed than
the sum of bonds formed by each interaction alone.
Conclusions
Together, our results show that the activities of TCR-proximal signal-
ing components affect T cell mechanosensing and sensitivity at the
earliest stages of antigen recognition and are influenced by PD-1.
Targeting these interactions may enhance tumor-specific T cell sensi-
tivity and provide an understanding the basis of resistance to PD-1
blockade to potentially allow identification of new molecular targets
to enable T cells to overcome dysfunction mediated by multiple in-
hibitory receptor.
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Background
Immunotherapy with immune checkpoint inhibitors (ICI) targeting
PD-(L)1 and CTLA-4 has been successfully introduced into routine
oncological practice. Despite the success of ICI, most patients derive
no benefit from ICI therapy and new approaches are needed includ-
ing combinations of ICI with new immunotherapeutics. Emerging evi-
dence demonstrated a critical role for the sialoglycan/Siglec axis in
cancer immune escape.
Methods
In order to further investigate the potential of targeting the sialogly-
can/Siglex axis, we used genetic mouse models, tumor cell lines defi-
cient for sialylation and tumor-targeted sialidases. Tumor growth in
preclinical mouse models was analysed after targeted desialylation of
tumors combined with checkpoint inhibitors including anti-PD-1 and
anti-CTLA-4 antibodies.
Results
We discovered that hypersialylation on tumor cells and the extracel-
lular tumor matrix results in an immunesuppressive tumor micro-
environment through engagement of sialic acid-binding Siglec
receptors on immune cells including CD8 T cells. We also found that
various Siglecs were upregulated on tumor-infiltrating T cells from
cancer patients, and such expression in NSCLC patients correlated
with a reduced survival. Siglec- expressing T cells co-expressed sev-
eral inhibitory receptors including PD-1, suggesting potential for
combination therapies by targeting the sialoglycan/Siglec pathway
and PD-1 or CTLA-4 inhibition. Here, our work shows that the com-
bination therapy targeting the sialoglycan/Siglec pathway and PD-1
or CTLA-4 inhibition induces tumor control in different preclinical
mouse models and increases T cell activation in primary patient
tumor samples. Therapeutic intervention of the pathway using
EAGLE-301, a Herceptin-sialidase antibody-enzyme conjugate let to
targeted desialylation of the tumor microenvironment and resulted
in intratumoral T cell activation and T cell- dependent tumor rejec-
tion, which was non-redundant to PD-1 or CTLA-4 inhibition. The effi-
cacy was dependent on inhibitory Siglecs. Accordingly, ICI therapies
in Siglec-deficient animals were more effective and priming of T cells
Siglec-dependent.
Conclusions
We demonstrate that targeting the sialoglycan/Siglec pathway is a
new immunotherapeutic strategy and can be combined with PD-(L)1
and/or CTLA-4 inhibition for further clinical development.
Ethics Approval
Mouse experiments were approved by the local committee of Basel
Stadt, Switzerland (approval number 2747).
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Background
TSR-022 is an anti-TIM-3 antibody that is currently undergoing clinical
development in combination with anti-PD-1 (NCT02817633). TIM-3 is
an immune checkpoint receptor that negatively regulates T-cell
activity and is implicated in resistance to PD-1 blockade. In addition,
TIM-3 is also expressed on myeloid cells and has been shown to
regulate dendritic cell activity. We previously reported a case study
of a patient with leiomyosarcoma who had a partial response to TSR-
022 monotherapy. Here we explore the mechanism of the antitumor
effect of TIM-3 blockade in a preclinical mouse model of
fibrosarcoma.
Methods
A/JCr mice were inoculated with murine fibrosarcoma SaL/N cells.
Mice were randomized into 4 groups of 8 mice each at tumor vol-
umes of 80-120 mm3 and treated with isotype control, anti-mouse
PD-1, anti-mouse TIM-3, or a combination of both. A total of 5 doses
were administered in a twice-weekly schedule. Mice with complete
tumor regression were re-challenged with SaL/N cells along with a
fresh cohort of 5 mice to serve as control group. The mice were
monitored for tumor regrowth until all the mice in the control group
were euthanized due to tumor burden. In a follow-up study to
understand the mechanism of efficacy, the mice were randomized at
tumor volumes of 200-300 mm3, treatment initiated, and tumors col-
lected for immunoprofiling using flow cytometry.
Results
Both anti-PD-1 and anti-TIM-3 treatment resulted in antitumor effi-
cacy with 73% and 53% tumor growth inhibition, respectively, which
improved to 98% in the combination group. In addition, 2 mice in
the anti-PD-1 group and 6 in the combination group showed
complete tumor regression. The mice with complete regression were
re-challenged and monitored for tumor growth. The tumors in the
fresh cohort of mice grew normally; however, no tumor growth was
observed in the re-challenged mice, consistent with the induction of
immune memory. Tumor immune contexture correlated with the an-
titumor efficacy seen.
Conclusions
In the preclinical setting, TIM-3 blockade alone and in combination
with PD-1 resulted in a robust antitumor response associated with
durable immunologic memory, further supporting the development
of anti-TIM-3 agents, such as TSR-022, in the clinic.
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Background
Siglec-15 (S15), a member of sialic acid-binding immunoglobulin-
type lectins, is a highly conserved Type I cell surface protein, which
was previously reported to play a role in osteoclast differentiation
and bone remodeling [1,2]. Here we describe S15 as a novel co-
inhibitory ligand expressed on tumors and myeloid cells that sup-
presses T cell function and promotes cancer growth. Blocking S15 by
antibody enhances anti-tumor immunity in preclinical models.
Methods
S15 KO mice were generated and challenged with syngeneic tu-
mors to study its role in tumor immunology. S15 specific hybrid-
omas were generated by immunizing the KO mice with human
S15 fusion protein. Recombinant S15 antibodies that cross react
with murine S15 were generated and assessed for their function-
ality in vitro and in vivo. Top candidate was humanized and
characterized.
Results
Mice with S15 KO or a conditional KO in myeloid cells have de-
creased tumor growth and enhanced T cell responses. Additional
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studies revealed that S15 expression was limited in normal tissues
but expressed in tumor cells and tumor-associated myeloid cells. S15
was inducible on myeloid cells by M-CSF and downregulated by IFN-
γ, demonstrating that S15 expression was associated with suppres-
sive macrophages. Anti-S15 clone 5G12, bound to S15 with sub-
nanomolar affinity, cross reacted with murine and cynomolgus mon-
key S15, and demonstrated an ability to block S15 Fc fusion protein
mediated suppression of human and mouse T cells in vitro. This im-
munomodulatory property was further demonstrated in several
in vivo tumor models, where 5G12 showed monotherapy activity. An
increase of tumor antigen-specific effector CD8+ T cell and reduced
myeloid cell infiltration were demonstrated within the tumors of
5G12 treated mice. 5G12 also demonstrated anti-tumor synergy with
PD-1 blockade. Based on these data, clone 5G12 was humanized and
the selected variant, which maintained high affinity and activity, was
named NC318. In follow up experiments, NC318 increased IL-2 pro-
duction in human PBMC assays in a dose dependent manner.
Conclusions
S15 immunosuppressive properties in the TME make it a rational tar-
get for immunotherapy. NC318 is a high affinity humanized IgG1
mAb specific for S15 developed to reverse tumor immune suppression
and promote an effective anti-tumor immune response. NextCure has
completed IND-enabling studies and is planning to begin evaluations
of NC318 in patients with advanced malignancies in Q4/2018.
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Background
Memory CD8+ T cells are pivotal for conferring long-term protect-
ive immunity against tumors, and the promotion of their gener-
ation and survival is key to achieving effective immunotherapy. At
the conclusion of a primary response, a long-lived memory T cell
pool is generated from a small fraction of effector CD8+ T cells de-
viated from terminal differentiation, a process which is thought to
be corrupted in tumor-bearing patients and mouse models, result-
ing in diminished long-term tumor immune surveillance [1]. How-
ever, the cell-intrinsic mechanisms limiting this process remain
unclear. We found that Neuropilin-1 (NRP1), a receptor constitu-
tively expressed by thymically- derived regulatory T cells (Tregs)
and crucial for their suppression of anti-tumor immunity [2], is tran-
siently induced in effector CD8+ T cells in mouse tumor models
and in patients with advanced head and neck cancer.We are inter-
ested in understanding the impact of CD8+ T cell-expressing NRP1
on both the short- and long-term tumor surveillance and the impli-
cation in cancer immunotherapy.
Methods
The B16F10 tumor growth in the CD8-restrictive Nrp1-deficient mice
(Nrp1L/LE8ICre) was assessed upon initial inoculation, as well as re-
challenge after surgical removal of the primary tumors. In a competi-
tive setting, we investigated the long-term persistence and recall ac-
tivity of Nrp1–/– and Nrp1+/+ pMel-T cells (transgenic CD8+ T cells
expressing TCR specific for gp100 melanoma antigen) in response to
gp100-B16 tumors, after co-transferred into the same host. Transcrip-
tome analysis was performed in these pMel-T cells (Nrp1–/– vs. Nrp1
+/+) recovered from both effector and memory phase to gain insight
into the downstream pathways that are modulated by NRP1.
Results
Surprisingly, CD8+ T cell-restricted Nrp1-deficient mice showed sig-
nificantly enhanced protection following B16.F10 tumor challenge,
despite unchanged primary tumor growth prior to resection. Consti-
tutive NRP1 expression by CD8+ T cells is sufficient to drive resist-
ance to tumor vaccine-induced secondary tumor protection.
Moreover, Nrp1–/– gp100-specific pMel-T cells outcompeted their
wildtype counterparts to persist longer in vivo.
Conclusions
These data revealed NRP1 as a unique “immune checkpoint” limiting
the memory maturation of tumor-reactive CD8+ T cells in a cell-
intrinsic manner, which is distinct from the mechanism of action of
well-known immune checkpoints (PD1, CTLA4, LAG3) that primarily
suppress effector CD8+ T cell function. Importantly, blockade of
checkpoint inhibitors of T cell memory may be necessary to achieve
durable anti-tumor immunity.

References

1. Klebanoff CA, Gattinoni L, Restifo NP. CD8+ T-cell memory in tumor
immunology and immunotherapy. Immunol Rev. 2006;211:214-24.
Epub 2006/07/11. doi: 10.1111/j.0105-2896.2006.00391.x. PubMed
PMID: 16824130; PubMed Central PMCID: PMCPMC1501075.

2. Delgoffe GM, Woo SR, Turnis ME, Gravano DM, Guy C, Overacre AE,
et al. Stability and function of regulatory T cells is maintained by a
neuropilin-1-semaphorin-4a axis. Nature. 2013;501(7466):252-6. Epub
2013/08/06. doi: 10.1038/nature12428. PubMed PMID: 23913274;
PubMed Central PMCID: PMCPMC3867145.
P680
Withdrawn
Journal for ImmunoTherapy of Cancer 2018, 6(Suppl 1):P680
P681
A translational platform using primary human immune cells
in vitro, syngeneic and humanized models in vivo to support and
advance immune-oncology drug discovery
Shilina Roman, Gary Salmon, Julie Hawkins, Jonathan White, PhD, Julia
Lloyd, Ria Goodwin, Arunima Ganguli, PhD, Omar Aziz, Julia Schueler,
Martin O'Rourke, Ian Waddell, Edgar Wood, PhD
Charles River, Cambridge, UK
Correspondence: Ian Waddell (Ian.Waddell@crl.com)
Journal for ImmunoTherapy of Cancer 2018, 6(Suppl 1):P681

Background
Charles River Laboratories (CRL) are establishing a powerful translational
immuno-oncology platform with the capability of progressing biologics
or small molecule modulators of immune response from in vitro to
in vivo assays using human and mouse variants of current check-point
inhibitors and small molecules.The platform is supported by an internal
blood donor panel which ensures highly reproducible data and high-
quality immune cells which are prepared immediately once sampled.
Methods
Our in vitro platform includes primary human immune cell assays which
profile T cell activation, cytokine release, T cell mediated cancer cell kill,
expansion of T cell populations, T cell invasion and macrophage medi-
ated T cell phagocytosis.The platform is currently being expanded to
determine the effect of activated immune cell populations on tumour
cell spheroid cultures. We are in the process of developing a range of
GFP expressing cell lines which will be used to support co-culture ex-
periments. The platform has been validated with standard of care che-
motherapeutics, including anti-CTLA4, anti-PD1 and a selection of small
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molecule inhibitors of targets known to modulate immune responses
including IDO inhibitors. Ex-vivo analysis of activated mouse spleno-
cytes response to check-point inhibitors measured as cytokine release
and modulation of immune cell populations, as measured by flow cy-
tometry supports the translation of important compounds from the
bench to pre-clinical models. Syngeneic mouse tumour models have
frequently been used to profile immune responses in tumours, CRL
have optimized and profiled existing check-point inhibitors to support
immuno-oncology drug discovery using mouse and rat antibody
variants of anti-CTLA4 and anti-PD1. To confirm the translational
development of our platform CRL have developed and optimized
humanized mouse models using sub-cutaneous implanted patient
derived xenografts (PDX) with human engraftment via CD34+ hae-
matopoeitic stem cells in NOG mice which were treated with anti-
CTLA4 and anti-PD1. Infiltration of human immune cells and PDL-1
expression was detected by flow cytometry (FC) and immunohisto-
chemistry (IHC) in hematopoietic organs and tumor tissue, support-
ing the initial in vitro response in primary immune cells.
Results
We present a screening platform which will support translation of
compounds from in vitro primary immune cell assays, to modulation
of mouse immune cell population in spleen and tumours, result-
ing in efficacy and tumour immune cell activation in humanized
mouse models.
Conclusions
N/A
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Background
Head and neck squamous cell carcinomas (HNSCC) are often
characterized by aggressive local invasion and overall poor prog-
nosis. HPV status is a strong predictor of positive clinical outcome
in HNSCC. Expression of viral antigens by HPV+, but not HPV-,
HNSCC allows direct comparison of the immune status (immune
cell presence and characteristics) between these two otherwise
anatomically-similar tumors. Currently, the FDA has approved two
anti-programmed death 1 antibodies for the treatment of HNSCC,
regardless of the HPV status of the disease. A detailed compari-
son of the immunological differences between HPV+ and HPV-
HNSCC provides an opportunity to identify immunological deter-
minants that contribute to successful treatment in HNSCC that
may be broadly applicable to cancer treatment in general.
Methods
Patient data from The Cancer Genome Atlas, including Merged Clin-
ical data and Level 3 RSEM normalized Illumina HiSeq RNA expres-
sion data for the HNSCC cohort, was downloaded from the Broad
Genome Data Analysis Centers Firehose server. RSEM-normalized ex-
pression data was extracted and HPV status was manually curated.
Primary patient samples with known HPV status were grouped as
HPV+, HPV-, or normal. Patient samples with unknown HPV status
were omitted from our calculations. This resulted in 73 HPV+, 442
HPV-, and 43 normal control samples with data available for the
HNSCC gene expression analysis. Boxplot comparison of gene expres-
sion was performed using GraphPad Prism v7.0.
Results
We determined that HPV+ HNSCC tumors exhibit a strong Th1 re-
sponse, characterized by increased infiltration with dendritic cells,
CD4+ and CD8+ T-cells, and increased expression of interferon-γ,
but not tumor necrosis factor-α. HPV+ HNSCC also expressed
higher levels of multiple T-cell exhaustion markers compared to
HPV-HNSCC. This gene expression profile is consistent with a “T-
cell-inflamed” phenotype, one that is dominated by T- cell
markers and chemokines associated with effector T-cell recruit-
ment. Importantly, higher expression of these T- cell inhibitory
genes correlated with markedly improved patient survival in HPV
+, but not HPV-, HNSCC.
Conclusions
The presence of high expression levels of multiple immune inhibitory
genes in HPV+ HNSCC suggests that these patients have an existing
antitumor immunity and may exhibit strong beneficial responses to
immunotherapy, providing a strong rationale for using ICIs as single
or combination therapies in first-line treatment of HPV+ HNSCC. This
would save patients from disfiguring surgery, or the toxicities associ-
ated with conventional chemotherapy or radiation treatment. Finally,
expression of immune checkpoint molecules could serve as a pre-
dictive biomarker of patient outcome in HPV+ HNSCC.
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Background
ATOR-1015 is a human IgG1 CTLA-4 x OX40 bispecific antibody,
designed as a next generation CTLA-4 antibody with improved
benefit-risk profile. Dual targeting of CTLA-4 and OX40, both
overexpressed on tumor-infiltrating regulatory T cells (Tregs), di-
rects the effect to the tumor area. This allows ATOR-1015 to in-
duce enhanced anti-tumor effects with lower systemic toxicity
compared to CTLA-4 monotherapy. Mode of action is a combin-
ation of effector T-cell (Teff) activation and Treg depletion.
Methods
Human cells were isolated from leukocyte concentrates from
healthy donors. T-cell activation induced by ATOR-1015 upon
CTLA-4 or Fcy receptor crosslinking was measured as IL-2 and
IFN-y release. Treg depletion was studied using FcyRIIa (H131)
and FcyRIIIa (V158) reporter assays and ADCC assays with NK cells
measuring LDH release. The effect of ATOR-1015 on Treg function
was studied in terms of suppressive activity and IL-10 release.Hu-
man OX40 transgenic (knock-in) mice (hOX40KI) with syngeneic
tumors were used, enabling studies of both targets as ATOR-1015
binds to murine CTLA-4. Tumor growth and survival were studied
after administration of ATOR-1015, monotargeting antibodies to
CTLA-4, OX40 and/or PD-1. Tumors and spleens from treated
mice were analyzed for Treg and Teff numbers and activation
markers by flow cytometry. Tumor localization was assessed by
flow cytometry and near infrared (NIR) live imaging of tumor-
bearing mice.
Results
ATOR-1015 binds CTLA-4 and OX40 simultaneously, promoting
cell-cell interactions for enhanced immune stimulating effects. In
vitro, ATOR-1015 induces a superior T-cell activation and deple-
tion of Tregs compared to the combination of monotargeting
antibodies to CTLA-4 and OX40. ATOR-1015 slightly inhibits the
suppressive effect of Tregs and reduces their IL-10 production.A-
TOR-1015 administered to hOX40KI mice with colon cancer local-
izes specifically to the tumor via binding to OX40. Similarly,
ATOR-1015 increases the intratumoral CD8+ Teff/Treg ratio by de-
pleting Tregs and increasing the infiltration/expansion and cyto-
toxic activity of Teffs without affecting systemic T cells.Treatment
with ATOR-1015 reduces tumor growth and prolongs survival in
several tumor models. Re-exposure of mice that responded to
ATOR-1015 treatment with the same and an irrelevant tumor,
demonstrates that the response is tumor-specific and induces
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long-lasting immunological memory. Lastly, ATOR- 1015 improves
the anti-tumor responses of anti-PD-1 treatment.
Conclusions
ATOR-1015 is a next generation CTLA-4 antibody with tumor-
directed activity for enhanced efficacy and reduced toxicity.
ATOR-1015 increases the anti-tumor responses of anti-PD-1
treatment in mice, supporting the combination with PD-1/PD-L1
in the clinic. ATOR-1015 is planned to enter clinical phase I in
H2 2018.
Ethics Approval
The studies were approved by Malmö/Lund Ethics Board approval
number M142-15.
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Background
T-cell immunoglobulin- and mucin-domain-containing-3 (TIM-3) is
among the next generation of checkpoint inhibitors whose role in hu-
man cancer therapy is being explored. TIM-3 is often co-expressed with
PD-1 in CD8+ T cells and is a marker of CD8+ T-cell dysfunction or ex-
haustion in several cancers [1-3]. TIM-3 is also expressed on natural
killer cells, regulatory T cells, and antigen-presenting cells (APCs), where
its role in mediating tumor immunity is not well understood. To this
end, we have developed a TIM-3 antagonist for evaluation in human
trials. Here we describe the preclinical characterization of BMS-986258,
a fully human immunoglobulin (Ig)G1 anti–TIM- 3 monoclonal antibody
that was engineered to eliminate Fc-gamma receptor binding.
Methods
BMS-986258 binding activity was evaluated by fluorescence-activated cell
sorting (FACS) and Scatchard analysis. An artificial APC:Th1 co-culture
assay, in which CHO cells expressing a single-chain anti-CD3 (CHO-OKT3)
were irradiated, was developed to assess BMS-986258 functions. In
addition, CHO-OKT3 cells expressing PD-L1 were cultured with Th1 cells
to evaluate co-blockade of TIM-3 and PD-1. Single-cell suspension of hu-
man tumor- infiltrating leukocytes (TIL) derived from surgically resected
tumor tissues of a variety of tumor types was co- cultured with the irradi-
ated CHO-OKT3 cells. Interferon (IFN)-gamma production was evaluated
by enzyme-linked immunosorbent assay (ELISA), and the percentage of
IFN-gamma+CD8+ T cells was determined using FACS.
Results
BMS-986258 bound with high affinity and selectivity to TIM-3 expressed
on activated human T cells (EC50: 0.1 nM; KD: 0.16 nM). The antibody
bound to the phosphatidylserine (PS) binding site of TIM-3 as revealed
by a crystal structure of TIM-3 IgV domain complexed with the Fab of
BMS-986258 resolved to 1.5Å, consistent with the observation that BMS-
986258 blocks TIM-3 from binding to PS in an in vitro TIM-3:PS blocking
assay. BMS- 986258 and its monovalent Fab fragments promoted Th1-
cell proliferation in a concentration-dependent manner, indicating that
BMS-986258 acts as an antagonistic antibody in promoting T-cell func-
tion. When using the irradiated CHO-OKT3 cells expressing PD-L1, BMS-
986258 and nivolumab (anti–PD-1) promoted Th1-cell proliferation as sin-
gle agents, and co-blockade of TIM-3 and PD-1 showed an additive ef-
fect. In the human TIL assay, BMS-986258 increased both IFN-gamma
production and IFN-gamma+CD8+ T cells. The EC50 value for a human
tumor TIL assay was 1.2 nM.
Conclusions
These results support the notion that TIM-3 blockade promotes CD8+

T-cell functions in tumors. Preclinical characterization of BMS-986258
supports its evaluation alone and in combination with nivolumab in
patients with advanced cancers (NCT03446040).
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Background
T-cell immunoreceptor with Ig and ITIM domains (TIGIT) is a check-
point molecule that interacts with poliovirus receptor (PVR) and plays
a key role in maintaining immune homeostasis. TIGIT counterbal-
ances CD226-mediated T-cell activation by competing with CD226
for binding to PVR, a receptor that is expressed in multiple tumor
types. Signaling through TIGIT contributes to T-cell exhaustion, result-
ing in inhibition of antitumor T-cell responses. Importantly, antibody
blockade of TIGIT has shown antitumor activity in preclinical mouse
models, highlighting the potential utility of this pathway for tumor
immunotherapy. Previous work has demonstrated an interdepend-
ence between TIGIT and CD226 for maximal activity of TIGIT block-
ade; however, the precise mechanism of T-cell rejuvenation by TIGIT
blockade remains elusive. Here we present data describing the rela-
tionship between TIGIT and CD226 in T-cell activation.
Methods
Tumor-infiltrating lymphocytes (TILs) from a variety of human tu-
mors, including non-small cell lung cancer, renal cell carcinoma, and
colorectal cancer, were analyzed for coexpression of TIGIT and
CD226. In vitro functional assays were established to test the impact
of TIGIT blockade on antigen-specific T cells from healthy donors, ex-
ploring the relationship between CD226 expression and its impact
on TIGIT-mediated T-cell suppression. This relationship was further
analyzed in various subsets of CD8+ T cells, focusing on those with
phenotypic characteristics representative of exhausted T cells.
Results
CD8

+
TILs expressed higher levels of TIGIT together with other check-

point receptors, including PD-1, but lower levels of CD226 than T
cells from patient-matched peripheral blood. Stimulation of TILs with
anti-CD3 restored CD226 expression in some samples but correlated
with an increase in expression of TIGIT and other exhaustion markers.
In analyses of healthy donor peripheral blood, CD226

low
CD8

+
T cells

displayed phenotypic characteristics of exhausted T cells and im-
paired effector function compared with CD226

high
CD8

+
T cells. In
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contrast to CD226
low

CD8
+

T cells, the antigen-specific T-cell re-
sponse of CD226

high
CD8

+
T cells was greatly enhanced by TIGIT

blockade alone or combined TIGIT and PD-1 blockade.
Conclusions
These findings highlight the importance of the relative expression of
CD226 and TIGIT required for T-cell function and suggest that these
pathways play a role in governing optimal T-cell activity. Together,
these observations suggest that TIGIT and CD226 potentially regulate
antitumor T-cell responses and warrant further investigation of these
molecules in human cancers.
Ethics Approval
This preclinical study was conducted in accordance with ethical prin-
ciples and local laws/regulations. The use of samples were reviewed
and approved by an institutional review board or independent ethics
committee.
Tumor-infiltrating lymphocytes (TILs) from a variety of human tu-
mors, including non-small cell lung cancer, renal cell carcinoma, and
colorectal cancer, were analyzed for coexpression of TIGIT and
CD226. In vitro functional assays were established to test the impact
of TIGIT blockade on antigen-specific T cells from healthy donors, ex-
ploring the relationship between CD226 expression and its impact
on TIGIT-mediated T-cell suppression. This relationship was further
analyzed in various subsets of CD8

+
T cells, focusing on those with

phenotypic characteristics representative of exhausted T cells.
Results
CD8+ TILs expressed higher levels of TIGIT together with other check-
point receptors, including PD-1, but lower levels of CD226 than T
cells from patient-matched peripheral blood. Stimulation of TILs with
anti-CD3 restored CD226 expression in some samples but correlated
with an increase in expression of TIGIT and other exhaustion markers.
In analyses of healthy donor peripheral blood, CD226low CD8+ T cells
displayed phenotypic characteristics of exhausted T cells and im-
paired effector function compared with CD226high CD8+ T cells. In
contrast to CD226low CD8+ T cells, the antigen-specific T-cell re-
sponse of CD226high CD8+ T cells was greatly enhanced by TIGIT
blockade alone or combined TIGIT and PD-1 blockade.
Conclusions
These findings highlight the importance of the relative expression of
CD226 and TIGIT required for T-cell function and suggest that these
pathways play a role in governing optimal T-cell activity. Together,
these observations suggest that TIGIT and CD226 potentially regulate
antitumor T-cell responses and warrant further investigation of these
molecules in human cancers.
Ethics Approval
This preclinical study was conducted in accordance with ethical principles
and local laws/regulations. The use of samples were reviewed and ap-
proved by an institutional review board or independent ethics committee.
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Background
In recent years immune checkpoint blockade (ICB) has revolutionized
the management of non-small cell lung cancer (NSCLC). However,
outside of clinical trials, the lack of uniform responses suggests clin-
ical heterogeneity. Often patients with high tumor burden tend to
do poorly with ICB. Even in non-bulky disease, due to organ-specific
tumor microenvironments (TME), metastasis to >1 organ may sug-
gest distinct tumor biology that may in turn influence outcomes.
Hence, we sought to investigate if the number of metastatic com-
partments involved at ICB initiation could impact survival.
Methods
We retrospectively identified 100 stage-IV NSCLC patients treated
with ICB from April 2015 to February 2018. Follow up cutoff for sur-
vival analysis was set on July 1, 2018. A single metastasis to >1 organ
was categorized as >1 metastatic compartment involvement (MCI)
which was independent of the number of lesions in the organ or
total tumor bulk. Overall survival after immunotherapy (OSI) was de-
fined as the time from ICB initiation to last follow up or death. Cox
regression was used to assess survival correlations.
Results
The median age was 63 years with predominant histology being
adenocarcinoma (65.0 %). A majority of patients were of Caucasian
ethnicity (66.0 %) and male gender (59.0 %). Nivolumab (72.0%), Car-
boplatin/Alimta/Pembrolizumab (17.0%), Pembrolizumab (6.0%), and
Atezolizumab (5.0%) were used for ICB. The median number of cycles
for ICB was 4.0. Skeletal involvement (45.0 %), brain (35.0 %) and liver
(20.0 %) were the most common metastatic compartments. 47.0 %
of patients had > 1 MCI at ICB initiation. No differences in baseline
medians for C-reactive protein, albumin or neutrophil-lymphocyte ra-
tio were seen based on MCI. The median OSI for our NSCLC cohort
was 7.5 months. Brain or liver involvement did not show inferior OSI.
>1 MCI at ICB initiation was noted to be independently associated
with inferior OSI both in the univariate [p= 0.02, HR 1.68, CI(1.06-
2.65)] and multivariate Cox regression [p=0.02, HR 1.85, CI(1.09-3.13)].
Conclusions
Involvement of >1 metastatic compartment which may or may not
be synonymous with the total tumor bulk, appears to be an import-
ant factor in survival stratification of NSCLC treated with ICB. This
suggests that patients with >1 MCI may have baseline aggressive
tumor biology that adapts to different TME and does not respond
well to ICB. Hence improving outcomes in such subgroups will re-
quire exploring strategies that involve combining different im-
munotherapies or other novel agents with ICB to overcome this
resistant biology.
Ethics Approval
Study was approved by ECU UMCIRB 15-001400
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Background
Bladder cancer can be responsive to immunotherapies such as PD-1
checkpoint inhibitors, but overall response rates are low. While
tumor-resident T cells may demonstrate considerable heterogeneity
in their antigenic repertoire and functional phenotype, the genotypic
and phenotypic features of T cells in the bladder tumor environment
and how both are modulated by systemic therapies remains unclear.
Methods
We performed droplet single-cell RNA and paired T cell receptor
(TCR) sequencing of CD4+ and CD8+ T cells isolated from localized
bladder tumors and paired adjacent non-malignant tissue including
patients who received anti-PD-L1 antibody prior to surgery.
Results
Bladder tumors possess both known and novel CD4+ T cell popula-
tions, including multiple populations of regulatory (CD4reg) and
central memory (CD4cm) cells, as well as novel populations of cyto-
toxic (CD4cyto) CD4+ T cells expressing cytolytic effectors and
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granule-associated proteins. Moreover, CD4cyto cells are function-
ally competent and capable of killing autologous tumor cell. While
CD4reg populations are consistently enriched in tumor compared
to adjacent non-malignant tissue, anti-PD-L1 therapy results in en-
richment of a specific CD4cyto population in treated tumor com-
pared to treated non-malignant tissue, which is not enriched in
untreated bladder tumors. Anti-PD-L1 therapy also elicits a more
oligoclonal TCR repertoire in intratumoral CD4cyto1 as well as
CD4reg populations compared to non-malignant tissue. Individual
CD8+ populations are not detectably enriched in tumor across all
samples, and anti-PD-L1 therapy does not specifically enrich CD8+
populations or restrict their repertoire in tumors.
Conclusions
These findings reveal the importance of CD4+ T cell heterogeneity in
the bladder tumor environment, and underscores that cancer im-
munotherapies may elicit both quantitative enrichment and focusing
of the antigenic repertoire of novel intratumoral cytotoxic CD4+ pop-
ulations in lieu of effects on cytotoxic CD8+ cells.
Ethics Approval
The study was approved by the Institutional Review Board of the
University of California, San Francisco (approval # 14-15423).
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Background
Recent clinical trials have demonstrated that a specific subset of pa-
tients with non–small cell lung cancer (NSCLC) exhibits a clear re-
sponse to PD-1 blockade. Although selecting for patients with high
PD-L1 expression enriches the response to anti–PD-1 therapy, more
than 50% of selected patients do not demonstrate a durable re-
sponse to PD-1 blockade. Several studies have reported that the
neutrophil-to-lymphocyte ratio (NLR) at the initiation of anti–PD-1
blockade is potentially a marker of therapeutic outcomes in cancer
patients; however, a definitive predictive biomarker in peripheral
blood has not been found. Therefore, we performed immune cell
analysis on peripheral blood from patients with NSCLC receiving
nivolumab.
Methods
This study enrolled 96 patients with NSCLC who began nivolumab as
second-line or further-line therapy at Osaka University Hospital and
Toneyama Hospital between January 2016 and May 2018. After exclud-
ing patients who were driver mutation positive (n=15), discontinued
treatment due to immune-related adverse events (n=11), or recently re-
ceived treatment for another malignancy (n=2), 68 patients were in the
analysis. The distribution of immune cell populations in freshly col-
lected blood samples before nivolumab administration were examined
using flow cytometry including differentiation and proliferation
markers. We also examined plasma humoral factors and serum
interferon-inducing activity using THP-1-ISG reporter cells.
Results
We divided patients into two groups: the durable response (DR)
group, who received 6 or more doses of nivolumab (n=38), and the
early progression (EP) group, who received less than 6 doses (n=30).
The percentage of neutrophils among all CD45-positive cells was sig-
nificantly lower in the DR group, whereas the percentages of CD56+
T cells and CD141+ dendritic cells were significantly higher in the DR
group. Regarding differentiation and proliferation markers, the per-
centage of effector memory T cells and Ki-67–positive T cells were
significantly higher in the DR group. We will present humoral factor
and interferon-inducing activity findings at the presentation.
Conclusions
Immune analysis using fresh peripheral whole blood might be useful
in identifying NSCLC patients who are nivolumab sensitive or resist-
ant. Profiling results suggest that neutrophil-rich status is possibly
linked to suppression of effector T cell count and function. Future
studies will focus on the detailed mechanisms in the immunosup-
pressive role of neutrophils in patients with NSCLC resistant to anti
PD-1 therapy.
Ethics Approval
The study was approved by Osaka University and Toneyama Na-
tional Hospital Institutution‘s Ethics Board, approval number
15383 and 1545.
Consent
Written informed consent was obtained from the patient for
publication of this abstract and any accompanying images. A
copy of the written consent is available for review by the Editor
of this journal.
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Background
ABBV-181 is a humanized, recombinant, IgG1 monoclonal antibody
targeting programmed cell death 1 (PD-1). ABBV-181 is currently be-
ing evaluated in a phase 1 clinical trial (NCT03000257) in patients
with solid tumors. Preliminary ABBV-181 pharmacokinetic (PK) data,
population PK modeling and PK-pharmacodynamic (PD) simulations
supporting a flat dose and alternate regimens are described herein.
Methods
Patients with previously treated advanced solid tumors received
ABBV-181 at 1, 3, or 10 mg/kg IV Q2W in dose escalation. The on-
going expansion cohorts include patients with multi-histology, non-
small cell lung cancer and head and neck squamous cell cancer. In-
tensive PK samples for ABBV-181 were collected in Cycle 1 and Cycle
3, along with pre-dose concentrations for other Cycles, for all sub-
jects. PD assessments included circulating T-cell PD- 1 receptor satur-
ation by flow cytometry. Serum concentration-time data were
summarized using non-compartmental PK analysis (Phoenix WinNon-
lin 7.0) and modeled using nonlinear mixed effects modeling (NON-
MEM 7.3) using a two compartment PK model. PK/PK-PD simulations
for flat doses and varying regimens were conducted utilizing a distri-
bution of wide range of body-weight values (47-128 kg) to compare
exposures and corresponding PD between weight-based, and flat
dosing.
Results
Preliminary PK data were available for 62 patients (N=24 for 1-10
mg/kg Q2W in dose escalation and N=38 for 250 mg Q2W in dose
expansion). ABBV-181 PK were approximately dose-proportional
across the dose range studied with Cmax values ranging from 19.5-
277 μg/mL (%CV 26-43%), AUCinf values of 214-3129 μg*day/mL
(%CV 31-59%), and 2-3 fold accumulation with Q2W dosing in Cycle
3 compared to Cycle 1. Population PK modeling and simulation ana-
lyses indicated that a 250 mg fixed dose would result in similar over-
all exposures achieved with a 3 mg/kg dose, which was consistent
with the observed data. PK predictions indicated the exposures
achieved with alternate dosing regimens, i.e., 375 mg Q3W and 500
mg Q4W will result in PD-1 positive CD4 T central memory cell
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saturation and significant PD-1 blockade, with likely no impact on
safety based on the available safety data.
Conclusions
The 3 mg/kg and 250 mg Q2W doses were safe, well-tolerated and
indicated complete receptor saturation at clinical concentrations. Flat
alternate dosing regimens of 375 mg Q3W and 500 mg Q4W were
predicted to achieve comparable efficacious exposures as the 250
mg Q2W regimen. PK data and simulations support flat dosing and
less frequent dosing regimen for ABBV-181 in expansion, with likely
no impact on safety events.
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Background
Immune checkpoint inhibitors (ICI) such as anti-programmed death
protein 1 (anti-PD-1) antibodies produce durable responses in a sub-
set of cancer patients. ICI can produce immune-related adverse
events (irAEs). Among the earliest and most common irAEs are skin
toxicities [1]. Several studies have associated the development of
irAEs with increased treatment efficacy, though it remains unclear
whether steroid treatment for irAEs interferes with the antitumor ef-
fects of ICI [2-4]. We sought to evaluate the effect of cutaneous irAEs
on treatment outcomes.
Methods
We retrospectively assessed whether skin toxicity with anti-PD-1 corre-
lated with clinical response in patients with metastatic melanoma. Skin
toxicity was defined as new rash or pruritus arising on therapy. Subjects
at one center that received treatment with anti-PD-1 therapy were in-
cluded (n = 318). Presence and timing of skin toxicity, and steroid treat-
ment (topical vs. systemic) were correlated with response rate (RR),
progression-free survival (PFS), and overall survival (OS).
Results
38% of patients on anti-PD-1 therapy (n = 121) developed skin tox-
icity. Skin toxicity was correlated with higher RR (60.3% vs. 28.4%,
p<0.0001), clinical benefit rate (response + stable disease; 73.6% vs.
41.6%, p<0.0001), median PFS (743 days vs. 112 days, p<0.0001), and
median OS (1691 days vs. 517 days, p<0.0001). Late skin toxicity
(after 3 months on therapy) was associated with superior clinical out-
comes than early skin toxicity. Not developing cutaneous toxicity
was associated with the worst outcomes both in terms of median
PFS (not reached vs. 383 days vs. 112 days, p<0.0001 for late, early,
and no skin toxicity, respectively) and OS (median not reached vs.
1065 days vs. 526 days p<0.0001). There was no difference in PFS or
OS for patients who received topical steroids, systemic steroids, or
no steroids. Interestingly, patients who experienced pruritus without
rash had inferior PFS compared with other skin toxicities (p=0.0008),
which was comparable to patients without skin toxicity.
Conclusions
The development of cutaneous toxicity is correlated with clinical
response to anti-PD-1 therapy. Late toxicity is associated most
strongly with response, and illustrates that time on therapy can
confound toxicity-efficacy correlations. The development of pruri-
tis alone does not correlate with beneficial outcomes, suggesting
that distinct mechanisms may be responsible for pruritus. The
use of steroids to treat these skin toxicities did not affect treat-
ment outcomes.
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Background
Limited data are available on mNSCLC patients treated with nivolumab
and steroids. Recent presentations suggest that mNSCLC patients who
received concomitant steroids and anti–programmed death-1 (PD-1) re-
ceptor or anti– PD-ligand 1 (PD-L1) treatment have worse survival
when compared to patients who received anti–PD(L)1 alone [1,2]. How-
ever, these analyses were not adjusted to account for residual con-
founding by variables associated with mortality. Here, we present
analyses exploring the effect of confounding variables on the efficacy
of concomitant steroid and nivolumab treatment in mNSCLC patients
in a real-world setting, using data from CA209-118, a prospective obser-
vational study of 70 community practices in the USA.
Methods
Only mNSCLC patients who received initial platinum-based therapy
and were enrolled before initiating second-line treatment between
April 2014 and January 2018 were included in this analysis. Patients
were followed until death, initiation of subsequent immunotherapy,
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end of follow-up, or study withdrawal. Study sites reported therapy
start and end dates, sites of metastases, and outcomes. Inverse prob-
ability of treatment weighting was used to account for possible re-
sidual confounding between factors associated with using steroids
and mortality [3].
Results
174 patients received nivolumab after initial platinum therapy. Of these,
24 (14%) received systemic steroids at a dose of ≥10 mg, and 17 (10%),
30 (17%), 68 (39%), 28 (16%), and 24 (14%) had liver, brain, lymph node,
adrenal, and pleural effusion metastases, respectively.In this analysis,
confounding variables included age, sex, ECOG score, duration of first-
line therapy, and liver, brain, lymph node, adrenal and pleural effusion
metastases. Taking into account the confounding variables, the ad-
justed Kaplan-Meier curve suggests that concomitant steroid and nivo-
lumab treatment does not negatively impact overall survival (Figure 1).
Conclusions
These analyses demonstrate that variables that could result in residual
confounding should be considered when evaluating the effects of con-
comitant steroid and nivolumab treatment. Additional validation in larger
cohorts of patients receiving immune checkpoint inhibitors is warranted.
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Background
An important prognostic factor in cervical cancer (CxCa) is lymph
node metastasis. Our previous findings of PD-L1 expression in pri-
mary tumors and high and interrelated rates of Tregs and PD-L1-
positive macrophages in metastatic tumor-draining lymph nodes
(TDLN) point to the possible applicability of PD-(L)1 blockade to halt
metastatic spread (Heeren et al, 2015). Here, through extensive flow-
cytometric profiling and ex-vivo functional analyses, we confirm the
validity of PD-1 blockade in early-stage CxCa and relate its efficacy to
the presence of a specific CD8+ effector T-cell subset.
Methods
Multicolor flow cytometric analysis of T-cells in TDLN (n=23) and PT
(n=10) was performed. In addition, the effect of PD-1 blockade on T-
cell reactivity against the HPV16 E6 oncoprotein in TDLN (n=12) and
PT (n=7) single cell suspensions was assessed by IFNγ Elispot read-
out after 10 days in-vitro culture. Cytokine and Granzyme-B produc-
tion was analyzed after anti-CD3 stimulation of metastatic TDLN
(n=4) and PT samples (n=3). Moreover, multicolor immunofluores-
cence histochemistry was performed on FFPE sections from meta-
static TDLN (n=4) and PT (n=4) to study T-cell localization.
Results
Extensive flow cytometric analysis revealed progressively elevated
levels of activated regulatory T-cells (aTregs) and central and effector
memory T-cells, from tumor negative to tumor positive TDLN, to PT.
Similarly, significantly and progressively increasing levels of multiple im-
mune checkpoints were observed on both CD4+ and CD8+ T-cells.
High levels of PD-1 supported further exploration of PD-1 blockade. Ex-
vivo PD-1 blockade consistently enhanced measurable T-cell responses
to HPV16 E6 in TDLN with HPV-16+ metastases (4/4), but, remarkably,
only in 1/4 HPV16+ PT. Whereas activated Treg (aTreg) rates were sig-
nificantly higher in PD-1 non- responders, in responders elevated levels
of CD8+ CD25+ FoxP3+ T-cells were observed, which correlated signifi-
cantly with the efficacy of PD-1 blockade (p=0.018). This subset, mainly
found in the peritumoral compartment in the tumor microenvironment,
was characterized by an activated effector phenotype with elevated ex-
pression levels of PD-1, CTLA-4, Tim-3 and Lag-3 checkpoints, but, ra-
ther than exhausted, was shown upon ex- vivo polyclonal activation to
express higher levels of Granzyme B and effector cytokines as com-
pared to its CD8+FoxP3- counterparts.
Conclusions
These data support earlier reports of a “poised” HPV-specific T-cell
repertoire in metastatic TDLN and PT and show it to be an actionable
target for PD-1 blockade, which may benefit from additional deple-
tion of aTregs. Moreover, they specifically point to a CD8+CD25
+FoxP3+ T-cell subset as likely therapeutic target for PD-1 blockade.
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Background
Immune checkpoint inhibition using antibodies targeting CTLA4 and
PD-1/PD-L1 is considered as a major breakthrough in cancer therapy
in recent years. Apart from PD-1 and CTLA-4, there are several other
checkpoint proteins in tumor microenvironment that play a role in
dampening the anti-tumor immune response. Interestingly, these im-
mune checkpoint pathways are non-redundant thus providing an op-
portunity for simultaneous targeting more than one checkpoint
protein to overcome the immune tolerance in the tumor. T cell Ig
and ITIM domain (TIGIT) is a recently identified co-inhibitory receptor
expressed by activated T cells, Tregs, and NK cells. TIGIT binds two li-
gands, CD112 (PVRL2, nectin-2) and CD155 (PVR), and these ligands
are expressed by T cells, APCs, and tumor cells. TIGIT is upregulated
on tumor antigen-specific CD8+ T cells and CD8+ tumor-infiltrating
lymphocytes in various cancer types and TIGIT receptor/poliovirus
receptor (PVR) ligand interaction signaling inhibits cytotoxicity medi-
ated by NK and CD8+ T cells. Interestingly, TIGIT-expressing CD8+ T
cells often co-express the inhibitory receptor PD-1 providing a strong
rationale for simultaneously targeting TIGIT and PD-L1 for optimal
anti-tumor activity.
Methods
We sought to discover and develop small molecule immune check-
point antagonists capable of simultaneously targeting TIGIT and PD-
L1 pathways. We reasoned that such agents will be amenable for oral
dosing, likely show greater response rate due to dual antagonism
and allow better management of irAEs due to shorter pharmacoki-
netic profile. In order to develop an oral agent, we took the approach
of identifying a minimal pharmacophore from the interface of TIGIT/
PVR interactions via truncating the interfacial sequences. Considering
the pockets of sequence similarity of PDL1 and TIGIT proteins a fo-
cused library of small molecule compounds, based on minimal
pharmacophore, mimicking the interaction of checkpoint proteins
was designed and synthesized to achieve compounds exhibiting dual
antagonism towards TIGIT and PD-1 pathways.
Results
The dual antagonism of these agents have been inferred through po-
tent rescue of PVR-mediated inhibition of IL-2 production from T cells
and PD-L1 mediated IFN-γ production. The SAR optimized lead com-
pounds exhibits desirable invitro ADME and DMPK profile including oral
bioavailability and better tumor distribution. The lead compounds ex-
hibit significant anti-tumor activity in a syngeneic tumor model and
demonstrated profound immune PD in vivo on both T and NK cells.
Conclusions
Preclinical data demonstrate a proof-of-concept showing that a dual
antagonism of oral small molecules antagonizing TIGIT and PD-L1 path-
ways significantly enhance anti-tumor efficacy. Efficacy studies and bio-
marker characterization in additional tumor models are ongoing.
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Background
Checkpoint blockade has revolutionized the treatment of metastatic
melanoma, with significant increases in overall survival, and a dra-
matic improvement in patient quality of life. Ipilimumab, a fully hu-
man antibody that blocks CTLA-4, was the first checkpoint inhibitor
that received FDA approval in 2011. Despite the success of this thera-
peutic approach, the number of responding patients is limited and
there is a need for predictive, prognostic and pharmacodynamic bio-
markers. Non-coding RNAs have recently been shown to have im-
portant clinical implications in cancer therapeutics and could be
used as targets or as the aforementioned biomarkers for diagnosis,
prognosis and prediction of responses to ipilimumab treatment. This
study aims (i) to determine the expression of miR-155, known to be
a potent regulator of immune cell activity, in untreated and ipilimu-
mab treated melanoma patients and (ii) to correlate miR-155 expres-
sion pattern with clinical response to treatment.
Methods
30 metastatic melanoma receiving ipilimumab treatment at Karo-
linska Hospital were enrolled in this study. 6/30 patients had a long-
term survival of > 182 weeks. 2/6 responders were Braf V600E mu-
tated, 4/6 expressed wt Braf. CD4+, CD8+ as well as CD14+ cells were
sorted from PBMCs purified before, during and at the end of treat-
ment. Expression of miR-155 in each of the purified cellular popula-
tions was measured by qPCR.
Results
Interestingly, data show a constitutive and stable expression of miR-155
in CD14+ monocytes prior and during the whole course of ipilimumab
treatment. In contrast, an induction of miR-155 was found in the differ-
ent T cell subpopulations. In 7/30 patients an upregulation of miR-155
expression in CD8+ T cells was found with a frequency ranging be-
tween 3.6 to 70.3 fold, while in 9/30 patients miR-155 was upregulated
in CD4+ T cells in a range between 3.5 to 96 fold. A coordinated upreg-
ulation of miR-155 in both T cell subpopulations was only found in 2
patients demonstrating distinct effects of ipilimumab on miR-155 ex-
pression in the distinct immune cell subpopulations. In order to deter-
mine whether the distinct miR-155 expression pattern had clinical
relevance, the miR-155 expression pattern was correlated to the re-
sponse to ipilimumab. 1/6 responders showed a dramatic 96-fold in-
crease of miR-155 expression in CD4+ T cells over time. In contrast, an
upregulation of miR-155 expression was only seen in non-responders.
Conclusions
Currently, samples are analyzed for general miR expression pattern in
order to identify other differentially expressed miRs, which might
serve as markers for monitoring of therapy response and resistance.
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Background
Checkpoint inhibition is a potent strategy to reinvigorate T cells.
However, aCTLA-4 or aPD-1 monotherapy has not been effective for
the majority of patients, resulting in the exploration of combinatorial
approaches to improve treatment efficacy. One such target is LAG-3,
which is upregulated on T cells that have experienced repeated anti-
gen exposure, such as in the tumor microenvironment (TME), and is
associated with reduced T cell effector function. In addition, high
LAG-3 expression on regulatory T cells (Tregs) has been reported for
patients with varying cancer types, providing an additional rationale
for targeting LAG-3 with the aim of reducing immune suppression
within the TME. We hypothesized that the combination of aPD-1 and
aLAG-3 would synergize to promote tumor regression and increase
survival via a reduction in tumor-induced immune suppression and
enhanced CD8+ T cell effector function.
Methods
CT26 (colon carcinoma) tumor-bearing BALB/c mice received aPD-1
and/or aLAG-3 (200 μg/dose; ip) 3x/week on days 7, 10, and 13 post-
tumor implant. Tumor growth (area) was assessed 2-3x/week and
mice were sacrificed when tumors exceeded 150 mm2. In additional
cohorts, tumors were harvested 7 days post-treatment (d17) and
tumor- infiltrating lymphocytes (TIL) were analyzed by flow cytome-
try. Responders to combined aPD-1/aLAG3 therapy were designated
as those exhibiting decreased tumor size on the day of harvest (d17)
compared to maximum tumor growth post-implant.
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Results
Combined aPD-1/aLAG-3 immunotherapy significantly improved the
survival of CT26 tumor-bearing mice compared to monotherapy
(p<0.05). Further analysis revealed that aPD-1/aLAG-3 therapy signifi-
cantly increased the percentage of CD8+ TIL compared to aPD-1
(p<0.01) or aLAG-3 (p<0.05) alone. Additionally, we observed increased
effector function in CD8+ TIL from aPD-1/aLAG-3-treated mice, as evi-
denced by increased cytotoxicity (granzyme A; p<0.05) and cytokine
production (TNF-a; p<0.05 and IFN-g; p<0.01). Interestingly, responders
to aPD-1/aLAG-3 therapy were enriched for CD8+ TIL with higher cyto-
lytic activity and effector cytokine production, which correlated with a
reduction in PD-1 MFI amongst the PD-1+/CD8+ TIL. Lastly, aPD-1/
aLAG-3 treatment significantly increased the frequency of effector CD4
+ T cells (Teff) compared to FoxP3+CD4+ Tregs (p<0.05).
Conclusions
In summary, these data suggest that aPD-1/aLAG-3 immunotherapy in-
creased recruitment of CD8+ TIL exhibiting enhanced effector function,
increased CD4+ Teff/Treg ratios, which likely mitigated Treg-mediated
immune suppression. Together, these positive immunological changes
led to a more immune stimulatory TME capable of supporting tumor
regression and significantly improved tumor-free survival.
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Background
TIGIT (T-cell immunoreceptor with Ig and ITIM domains) is an in-
hibitory receptor expressed on natural killer (NK) cells, CD8+ T
cells, CD4+ T cells and regulatory T cells (Treg). CD226 (DNAX
Accessory Molecule-) is an activating receptor found on NK cells,
monocytes and a subset of T cells. TIGIT and CD226 are paired
receptors that compete for shared ligands CD155 (PVR) and
CD112 (Nectin-2) expressed by cancer and antigen-presenting
cells. TIGIT binding to CD155 results in immune suppression,
whereas binding of CD226 to the same ligand promotes immune
activation. AB154 is a fully humanized antibody that binds and
blocks human TIGIT with sub- nanomolar affinity.
Methods
TIGIT and CD226 expression in healthy and cancer patient PBMCs
were assessed by flow cytometry. TIGIT and CD226 expression in
various tumor types and normal tissues was derived from TCGA
(The Cancer Genome Atlas), GTEX (Genotype-Tissue Expression
Project), and immunohistochemistry. Binding affinity of AB154
was determined using CHO.hTIGIT and human T cells. Functional
consequences of TIGIT blockade were determined using a TIGIT-
expressing reporter gene cell line and a mixed lymphocyte reac-
tion assay. Receptor occupancy (RO) analyses were quantified
using a competing anti-TIGIT antibody.
Results
Data assembled from TCGA identified tumor types in which ex-
pression of TIGIT is greater than PD-1, equivalent to PD-1, or
expressed at low levels. TIGIT and PD-1 marked primary tumor
samples containing T cells. In these tumors, TIGIT and PD-1 ex-
pression were higher compared to normal adjacent tissue. Immu-
nophenotyping performed on dissociated human tumor cells
demonstrated strong correlation between TIGIT and PD-1 expres-
sion on immune cells. The intensity of TIGIT staining was lowest
on conventional CD4+ T cells while its intensity in Treg and CD8
+ T cells was 1.5 to 3-fold higher on average. Consistent with a
high degree of PD-1 and TIGIT co- expression, combination of
AB154 with anti-PD-1 (AB122) significantly increased IFN-gamma
secretion relative to anti-PD-1 alone. Using flow cytometry, we
demonstrated target engagement by AB154 in T cells and NK
cells in the low nanomolar range in both healthy and cancer pa-
tient whole blood.
Conclusions
Blockade of multiple immune checkpoint proteins can confer effect-
ive and durable responses in the treatment of cancer. The data pre-
sented here provide: 1) selection of tumor types based on TIGIT RNA
and protein expression profile, 2) rationale for combining AB154 with
AB122 in upcoming clinical trials, and 3) methodology to evaluate
TIGIT receptor occupancy in AB154 Phase 1 studies.
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Background
Advanced triple negative breast cancer (aTNBC) is an aggressive dis-
ease with poor prognosis. Immune-oncology (IO) agents are under in-
vestigation for this disease. We evaluated the outcomes of aTNBC
patients (pts) enrolled on IO clinical trials at a large academic medical
center and explored factors associated with IO treatment outcomes.
Methods
We retrospectively reviewed the medical records of aTNBC patients
who consented for IO monotherapy or combination clinical trials at
Princess Margaret Cancer Centre between June 2013 and June 2018.
Demographics data, medical history, details of trial enrolment and re-
sponse to study treatment according to RECIST 1.1 were recorded. Uni-
variable logistic regression was used to identify factors associated with
poor outcomes defined as screen failure due to rapidly progressive dis-
ease (PD) or central nervous system metastases (CNS) and/or duration
of treatment of 21 days or less.
Results
A total of 99 pts with aTNBC consented for 15 IO clinical trials, 60%
IO monotherapy, 22% chemotherapy-IO combination and 18% IO
combinations. Median age at time of trial enrolment was 52 (range
25-78) and median number of lines of prior systemic therapy for ad-
vanced disease was 1 (range 0-8). ECOG performance status, was 0
(39%), 1(58%) and 2/unknown (3%). 15% had de-novo metastatic dis-
ease, 58% recurred after a distant disease free interval (DDFI) of less
than 3 years and 25% after a DDFI of more than 3 years. 61% had
fewer than 3 metastatic disease sites, and 71% had metastases in-
volving the viscera. Of patients consented, 67% started trial treat-
ment and 33% were screen failures, including 19 due to rapid PD
and/or CNS metastases. Median progression free survival (mPFS) and
overall survival (mOS) in all treated pts were 1.9 months (95% CI 1.7-
3.4) and 10.6 months (95% CI 7.7-17.2). In pts who achieved partial
response (PR), the mPFS was 7.6 months [3.75-not reached (NR)] and
mOS NR. 32% of pts had poor outcomes. In univariate analysis,
higher Royal Marsden Index (RMI) (p=0.01), higher Princess Margaret
IO prognostic index (PM-IPI) (p=0.01), elevated LDH (p=0.002), higher
number of metastatic sites (p=0.03) and presence of visceral
metastases (p=0.01) were associated with disease related screen
failures and/or duration on IO trial treatment of 21 days or less.
(Table 1, 2)
Conclusions
The overall prognosis of aTNBC pts enrolled in IO clinical trials is poor
with heterogeneous treatment outcomes. Pts with poor prognostic
indices, elevated LDH, higher number of metastatic sites and visceral
metastases should be reconsidered for IO trials.
Ethics Approval
The study was approved by UHN Research Ethics Board, approval
number 15-9269.
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Background
In preclinical models, OX40 agonists display a dual mechanism of ac-
tion (MOA) that leads to antitumor activity: stimulating effector/
memory T cell function and depleting regulatory T cells. To deter-
mine if these pharmacodynamic changes are measurable in patients
with advanced solid tumors, we evaluated blood and tumor samples
pre/post treatment in a Phase 1 trial of MEDI0562, a humanized
OX40 agonist mAb (NCT02318394).
Methods
Patients received 1 of 6 escalating doses of MEDI0562 (0.03, 0.1, 0.3,
1.0, 3.0, and 10 mg/kg) Q2W until confirmed disease progression or
unacceptable toxicity. Tumor response was assessed using irRECIST
and RECIST. Selected patients with head and neck squamous cell car-
cinoma, bladder or cervical cancer had mandatory pre- and on- treat-
ment tumor biopsies to evaluate pharmacodynamic changes. Tumor
samples were evaluated pretreatment and at day 29 from a subset of
14 patients by quantitative digital analysis of immunohistochemistry
images and gene expression. Peripheral blood from all patients with
evaluable samples (n = 36) was monitored using gene expression
and flow cytometry.
Results
A total of 55 patients received MEDI0562 across 6 dose cohorts
where 10 mg/kg Q2W was the maximum administered dose. Serum
exposure increased approximately dose proportionally. Post-
treatment antidrug antibodies (ADAs) were detected in 51% of pa-
tients, with an impact on MEDI0562 PK at all doses below 3 mg/kg.
The activity of MEDI0562 was evaluated in both blood and tumor. In
blood, a 1.5- to 3.0-fold increase in mean maximum percentage of
Ki67+CD4+ and Ki67+CD8+ memory T cells was observed across
doses. Ratios of T effector/T regulatory gene expression signatures in-
creased 3.5- to 8-fold in blood (p < 0.05) at all doses at 2 days post-
treatment. In tumor, paired biopsies showed ≥ 2-fold increased ex-
pression of PD-L1 and/or CD8+ T cell infiltration in 7/14 patients,
with a 60% median reduction in OX40+FOXP3+ cells at doses of 1
and 3 mg/kg compared with doses <1 mg/kg. Ratio of T effector/T
regulatory gene expression signatures increased intratumorally as
seen peripherally. Intratumoral pharmacodynamic changes were
more prominent in patients with high OX40 expression (> median)
regardless of MEDI0562 dose or presence of ADAs.
Conclusions
MEDI0562-treated patients exhibited increased Ki67+CD4+ and CD8+
memory T cells in the periphery and decreased intratumoral OX40
+FOXP3+ cells, consistent with the hypothesized dual MOA of this
agonist mAb. The enhancement of these pharmacodynamic effects
in patients with high OX40 levels at baseline may help identify pa-
tients or indications where MEDI0562 could provide clinical benefit.
Trial Registration
ClinicalTrials.gov [NCT02318394]
Ethics Approval
Multicenter study conducted at 3 sites:(1) MD Anderson Cancer Cen-
ter, 7007 Bertner Avenue, Unit 1637, Houston, TX 77030, USA [PI:
Bonnie Glisson; IRB Registration No. IRB00000121](2) University of
California San Diego Moores Cancer Center, 9444 Medical Center
Drive, 3rd Floor, Room 3-030, La Jolla, CA 92093, USA [PI: Sandip
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Patel; IRB Registration No. Committee O: 00009940](3) Carolina
BioOncology Institute, PLLC, 1019 39th Avenue South East, Suite 120,
Puyallup, WA 98374-2115, USA [PI: John Powderly II; IRB Registration
No. IRB00000533]
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Background
Clinical success of immune checkpoint inhibitors has accelerated the
evaluation of immune-related targets for novel anti-cancer therapies.
Preclinical testing of immune-targeted oncology agents requires pre-
clinical models with functional immune systems. Utilization of murine
syngeneic tumor models provides a robust system to evaluate both
anti-tumor activity and mechanism of action of novel therapeutics.
This study evaluates the efficacy and anti-tumor immune response of
different IO therapies across a panel of syngeneic murine models.
Methods
Cohorts of mice were inoculated with six different murine derived
cancer cell lines (MC38, CT-26, LL/2, EMT-6, 4T1, B16F10). Tumor bear-
ing mice were administered anti-CTLA-4, anti-PD-1, anti-PD-L1, anti-
OX40 or anti- LAG3 twice weekly for 3 weeks. Tumor volume was
used to assess anti-tumor activity. Subsets of tumors from treated
mice were analyzed two weeks following dosing initiation for tumor-
infiltrating lymphocytes (TILs) and myeloid cell populations.
Results
Following 3 weeks of dose administration: anti-CTLA4, anti-PD-1,
anti-PD-L1, anti-OX40, and anti-LAG3 conferred significant antitumor
activity on some of the xenograft models surveyed, while other
models were resistant. Phenotypes of TILs resident in tumors were
profiled across the xenograft models. CD45+ lymphocytes were ana-
lyzed for populations of cytotoxic lymphocytes (CTLs, CD8+ cells), T-
helper cells (CD4+ cells), regulatory T-cells (T-regs, CD4+/CD25
+/FoxP3+ cells), and myeloid populations including B-Cells, neutro-
phils and monocytes. The immune cell response to checkpoint inhibi-
tors were distinct, but varied across xenograft models.
Conclusions
In this study, we demonstrate differential responses between immune-
checkpoint inhibitors across several syngeneic xenograft models with re-
spect to anti-tumor activity and lymphocyte tumor infiltration responses.
These models constitute a highly-relevant tool to evaluate efficacy and
mechanism of action for novel immune-targeted therapies for oncology.
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Background
Immunotherapy with checkpoint inhibitors (CI) has become a stand-
ard treatment in an increasing number of cancers. Off-label use of
these agents is common but their efficacy is not known.
Methods
We performed a retrospective review of 98 consecutive patients
treated at a single institution using CI through a patient assistance
program with start dates between 5/2015 to 11/2016. Patients were
excluded from further analysis if they received treatment for an FDA-
approved indication.
Results
Sixty-one patients were included in our analysis: 41% male; 75%
white, 3% black, 7% Asian, 11% Hispanic, and 3% other. Median age
at diagnosis was 59; median age at start of CI was 62. Median time
between diagnosis and start of CI was 23 months. Most patients had
good performance status at the time of CI initiation (69% ECOG 0 or
1). Most patients had metastatic disease (87%) at the start of CI. All
but 3 patients had received prior chemotherapy; most had prior sur-
gery (70%) and prior radiation (69%). Twenty patients received nivo-
lumab (33%), and 41 patients received pembrolizumab (67%). Two
patients had received prior immunotherapy (anti-CD40, tremilumu-
mab). Most common tumor types were breast (11), sarcoma (7), thy-
roid (5), glioblastoma, hepatocellular carcinoma, and ovarian cancer
(four each). Time on therapy ranged between 0 and 21+ months
(median 2 months). Eight patients remained on therapy at the time
of analysis (9.6 to 21.6 months). Ten patients were on therapy for 1
year or more (esophageal SCC, triple negative breast cancer [2], naso-
pharyngeal carcinoma, pleomorphic sarcoma, adrenal cortical carcin-
oma, cutaneous SCC, uterine sarcoma, basal cell carcinoma). Median
number of cycles of CI was 5. 20% of the patients had some evi-
dence of response, 21% stable disease, 7% mixed response, and 38%
progression of disease as their best treatment response per clinician
assessment. Restaging was not available for 15% of patients. Median
PFS defined as time from first dose of CI to date of progression was
2 months. Median overall survival was 9 months.
Conclusions
In this study, we observed activity in a wide variety of malignancies
with off label use of CIs. Several patients with uncommon cancers
have remained on therapy for an extended period of time. For rare
cancers for which clinical trials are not feasible, retrospective analyses
such as this can suggest some evidence of efficacy.
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Background
Immune checkpoint inhibitors (ICPI) are commonly used in the treat-
ment of several advanced cancers. ICPI can also be associated with
immune-related adverse events (irAEs) including enterocolitis and
hepatitis. Infliximab has been used successfully in treating steroid-
refractory gastrointestinal irAE [1], but it carries the risk for liver injury.
We describe a challenging case of a patient with a new diagnosis of
acute hepatitis after infliximab treatment for gastrointestinal irAE.
Methods
A 79-year-old man with a history of metastatic prostate adenocarcin-
oma, treated with ipilimumab and nivolumab, was evaluated for new
elevation in liver enzymes and bilirubin. He had no known risk fac-
tors for acute or chronic liver disease. After three cycles of ipilimu-
mab and nivolumab, he had developed grade 3 diarrhea/colitis, and
ICPI was discontinued. His diarrhea was steroid-refractory and re-
quired a one-time treatment with infliximab (5 mg/kg) which led to
prompt resolution of diarrhea. Three weeks later, the patient devel-
oped jaundice with elevated liver enzymes and total bilirubin (Fig-
ures 1-2). Physical examination did not reveal stigmata of advanced
liver disease. A liver biopsy showed cholestatic hepatitis with pre-
dominantly microvesicular steatosis, and mild portal and peri- portal
fibrosis (Figure 3). A short course of steroid treatment did not im-
prove the hepatitis condition. By exclusion of other etiologies, acute
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drug-induced liver injury secondary to infliximab was deemed to be
the most likely cause of his liver condition, rather than an adverse
effect of ICPI. By fourteen weeks post-infliximab administration, liver
enzymes and total bilirubin eventually returned close to normal base-
line levels (Figures 1-2).
Results
N/A
Conclusions
Ipilimumab- and nivolumab-related irAEs have been reported;
high-grade liver irAE in particular occur with an incidence of
<10% [2-5]. In the context of gastrointestinal irAE management,
concern was raised about liver toxicity from infliximab, a previ-
ously described effective rescue therapy. In our patient’s case, the
clinical history and data supported infliximab-associated hepato-
toxicity, rather than an irAE. Lack of pathognomonic histologic
features from hepatic irAE [6-7] limited the value of liver biopsy
in this situation. With the increasing application of ICPI for differ-
ent cancers and the understanding of potential risks for irAE, liver
function and liver biochemical tests should be closely monitored
during treatment using ICPI and during treatment using anti-TNF-
α agents in this patient population.
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Background
Blockade of the PD-1/L1 axis is the effective immunotherapy in a pro-
portion of cancer patients. Identification of predictive biomarkers for
patient selection represents a major challenge. The predictive value
of PD-L1 IHC, tumor mutational load and mismatch repair (MMR) sta-
tus are limited for the variable strength of association among studies
and tumor types. This study aims to quantitatively assess the content
and spatial interaction of key immune suppression components (e.g.
PD-1 & LAG3 for T cell exhaustion, PD-1/L1 interaction) in tumor mi-
cro- environment, and their predictive values to anti-PD-1 treatment.
Methods
Multiplex IHC for PD-L1, PD-1, CD8, LAG3, and pan-cytokeratin
(panCK) stained 50 pre-pembrolizumab treatment patient specimens
including pancreatic, colorectal and cholangio carcinoma, among
which 17 are MMR proficient (13PD, 3SD, and 1CR) and 33 deficient
(3PD, 12SD, 3NE, 4CR, and 11PR). Whole slides were scanned with
ZEISS Axio Scan.Z1 scanner, on which pathologists annotated tumor
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area. HALO® Hi-Plex software was used for image analysis. Epithelial
tumor (panCK+), stroma (panCK-), artifacts, and no-tissue areas were
annotated with Halo’s random forest classifiers. X/y coordinates,
number, intensity and density of PD-1+, PD-L1+, LAG3+, and CD8+
cells were identified. CD8+ cells co-expressing PD-1, PD-L1, and/or
LAG3 phenotypes and their fraction over CD8+ cells were extracted.
Spatial relationships including the number of PD-1+ cells within 10/
20um of PD- L1+ cells and the average distance between them were
computed. MATLAB® was used for feature selection, reduction, rank-
ing and prediction of the responses to anti-PD-1 treatment.
Results
Responders versus non-responders classes were defined as PR and
CR versus SD, PD, and NE. From ~190 features analyzed, both Relieff
and random forest rank the following feature in the top two features
in predicting response to treatment: “Maximum number of CD8
+/low-intensity-PD-1+ cells within 20um of PD-L1+ cells in epithelial
tumor”. Quadrant Discriminant Analysis (QDA) with five-fold cross val-
idation yields a prediction accuracy of 85%. When combined with
the “average number of PD-1+ cells within 20um radius of PD-L1+”
and the "max value of CD8+ cell Lag3+ intensity", the accuracy
reaches 90.2%, regardless of the MMR status. Other features have
lower accuracy (e.g. 60-70%). Independent cross-validation was not
performed due to small sample size.
Conclusions
Deep immune characterization of tumor microenvironment on high
dimensional image features from multiplexed IHC staining may pro-
vide insightful directions on finding and validating predictive markers
for PD-1/PD-L1 blockage and other immunotherapies.
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Background
Spontaneous CD8+ T cell responses against tumor antigens can be de-
tected in both cancer patients and in murine models. However, immuno-
suppressive mechanisms arise within the tumor microenvironment that
blunt T cell functions and enable tumor escape. Immunotherapy that tar-
gets the interaction between the T cell inhibitory receptor PD-1 and its
ligand PD-L1 can generate durable tumor regressions that translate into
clinical benefit across many cancer types. However, many patients fail to
respond to immune checkpoint blockade and many others acquire resist-
ance. Therefore, understanding the mechanisms involved in anti-PD-L1
immunotherapy efficacy may enable new strategies for improving effi-
cacy. We and others previously demonstrated that Batf3-lineage dendritic
cells (DCs), which express the markers CD8α or CD103, act in at least two
steps in anti-tumor immunity: 1) spontaneous T cell priming in the
tumor-draining lymph node, and 2) recruitment of effector CD8+ T cells
to the tumor [1-3]. In the current work, we examined whether Batf3+
DCs are also required at a third level, during the effector phase of the
anti-tumor immune response upon treatment with PD-1/PD-L1 blockade.
Methods
We utilized the B16-SIY melanoma model, CD11c-DTR-GFP bone marrow
chimeras and CD11c-DTR-GFP/Batf3 KO mixed bone marrow chimeras to
study the role Batf3-DCs play during anti-PD-L1 immunotherapy. To focus
on the effector phase of the immune response we depleted CD11c+ cells
with diphtheria toxin from day seven of tumor injection while
simultaneously blocking T cell entry into the tumor with FTY720. In other
experiments anti-4-1BBL blocking antibody was administered alone or in
combination with anti-PD-L1 simultaneously with FTY720. Also, wild type
or 4-1BB-deficient splenocytes were transferred into Rag KO mice and
anti-PD-L1 efficacy was evaluated. Tumor growth and phenotypic analysis
of the tumor infiltrate was evaluated in all of the experiments.
Results
Interestingly, we found that CD11c+ cells, and specifically Batf3-CD11c
+ cells, must be present in the tumor before the beginning of anti-PD-
L1 treatment for therapeutic efficacy of anti-PD-L1. Phenotypic analysis
of the tumor infiltrate showed high expression of 4-1BBL on CD11c
+CD103+ DCs compared to other antigen-presenting cell subsets. Un-
expectedly, when anti-4-1BBL blocking antibody was co-administered
with anti-PD-L1, therapeutic efficacy was lost. In addition, transfer of 4-
1BB-deficient splenocytes into Rag KO hosts revealed a requirement of
4-1BB expression on T cells for anti-PD-L1 efficacy.
Conclusions
Overall, these results suggest that Batf3-DCs are necessary during the
effector phase of the immune response for anti-PD-L1 efficacy, at least
in part through the co-stimulation of 4-1BB signaling on CD8+ TILs.
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Background
Immune checkpoint molecules control the fate of an immune re-
sponse. Well- studied combinations of molecules include PD-1/PD-L1,
CTLA-4/CD80 and CD86, LAG-3/MHC II, and Tim-3/Galectin 9. Our
GoInVivo™ antibodies, against some of these immune checkpoint
molecules, offer several advantages. They have been tested by flow
cytometry and in vitro bioassays, are pathogen-free as tested by
qPCR, and have excellent price for large sizes, among others. Here
we present our results on the use of anti-mouse PD-L1 in the treat-
ment of a mouse cancer model, melanoma. We characterize the
phenotype and localization of T cells, in the tumor microenvironment
and draining lymph nodes. We also study the cytokine profile in
serum, as well as the antigen-specific T cell response.
Methods
Balb/cJ or C57BL/6J mice were injected with 106 B16F10 melanoma
cells in the flank and treated with 100 or 200 μg of anti-PD-L1 at the
time points indicated. Tissue samples and serum were collected and
analyzed by flow cytometry, microscopy, or screened for cytokine
content with LEGENDplex™.
Results
CD4 and CD8 T cells redistribute in the spleen (Figure 1). Animals
were implanted for 14 days with B16 melanoma cells, after receiving
3 doses of anti-PD-L1 the CD8/CD4 T cell ratio increases. Splenic CD4
T cells show an activated phenotype (Figure 2). After tumor implant
and antibody treatment, CD4 T cells show increased expression of
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CD25, CD69, CD278, and CD279. Similar results were observed in CD8 T
cells. CD8+ cells infiltrate the tumor and co-localize with CD11c+ cells
(Figure 3). After tumor implant and antibody treatment, the tumors
were excised and analyzed by fluorescent microscopy. Pictures were
taken with a 40X objective. Cytokine and chemokine profile in serum.
After tumor implant and antibody treatment, the analysis of the sam-
ples with LEGENDplex™ show A) Increased Th Cytokines. B) Decreased
pro-inflammatory cytokines. C) Increased chemokine production. (Fig-
ure 4)A) Tumor-specific infiltrating CD8+ T cells increase 24 days after
treatment. Animals were implanted with SIYRYYGL-expressing B16 cells
and 24 days after treatment the tumor was collected and analyzed. B)
Anti-PD-L1 treatment reduces tumor growth. (Figure 5)
Conclusions
Injection of anti-mouse PD-L1 in mice implanted with B16 melanoma
cells:1. Redistributes CD4 and CD8 T cell content in spleen and
tumor, and induce activation of T cells2. Stimulates production of Th
cytokines and chemokines, while suppressing pro-inflammatory cyto-
kine production 3. Increases tumor-specific T cells, as well as IFN-g-
producing cells (not shown) 4. Reduces tumor growth
Fig. 1 (abstract P705). CD4 and CD8 T cells redistribute in the
spleen. Animals were implanted for 14 days with B16 melanoma cells,
after receiving 3 doses of anti-PD-L1 the CD8/CD4 T cell ratio increases

Fig. 4 (abstract P705). Cytokine and chemokine profile in serum.
After tumor implant and antibody treatment, the analysis of the samples
with LEGENDplexTM show A) Increased Th Cytokines. B) Decreased
pro-inflammatory cytokines. C) Increased chemokine production
Fig. 2 (abstract P705). Splenic CD4 T cells show an activated
phenotype. After tumor implant and antibody treatment, CD4 T cells
show increased expression of CD25, CD69, CD278, and CD279.
Similar results were observed in CD8 T cells (not shown)

Fig. 3 (abstract P705). CD8+ cells infiltrate the tumor and co-
localize with CD11c* cells. After tumor implant and antibody
treatment, the tumors were excised and analyzed by fluorescent
microscopy. Pictures were taken with a 40X objective
Fig. 5 (abstract P705). A) Tumor-specific infiltrating CD8+ T cells
increase 24 days after treatment. Animals were implanted with
SIYRYYGL-expressing B16 cells and 24 days after treatment the
tumor was collected and analyzed. B) Anti-PD-L1 treatment reduces
tumor growth
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Background
There is strong evidence that immunotherapy-mediated tumor rejec-
tion is associated with the reinvigoration of tumor-specific CD8+ T cells
most likely recognizing neoantigens derived from tumor somatic muta-
tions. However, despite a substantial number of mutations present in
some tumors, only a small fraction of neoantigens have been shown to
be immunogenic, partly due to the challenge in identifying rare
neoantigen-specific CD8+ T cells in tumor-bearing individuals.
Methods
We employed mass cytometry and highly-multiplexed combinatorial
tetramer staining together with cellular barcoding and high-
dimensional phenotypic characterization to longitudinally monitor
neoantigen-specific CD8+ T cells in PBMC from 14 NSCL cancer patients
treated with atezolizumab. Close to 800 candidate tumor neoantigens
and 73 viral-derived control peptides were screened across all patient
samples; T cells were simultaneously profiled using 30 or more markers.
Results
Virus-specific T cells were detected in most patient samples at frequen-
cies as low as 0.004% of total CD8+ T cells. T cells reactive for 13 differ-
ent neoantigens were also identified with a medium to high
confidence across all patients and time points. Interestingly, the major-
ity of medium-to-high confidence hits (9/13) were detected among the
8 patients who presented an objective response to treatment, with only
4 of the 13 hits detected in the 6 patients with progressive disease. The
neoantigen-specific cells differed phenotypically from bulk CD8+ T cells
in the peripheral blood and displayed a diverse phenotype.
Conclusions
This study demonstrates the utility of the use of mass cytometry to-
gether with a combinatorial tetramer staining for the ex vivo identifi-
cation, characterization, and longitudinal follow-up of rare tumor-
specific T cells. Importantly, it suggests that the detection of
neoantigen-specific T cells may be used as a predictor of response to
checkpoint blockade and supports further research into this.
Trial Registration
NCT01903993
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Background
Myeloid-derived suppressor cells (MDSCs) are key contributors in sup-
porting tumor progression and tumor escape through their ability to
suppress anti-tumor responses mediated through T cell and natural
killer (NK) cell activity [1,2]. Several studies have quantified MDSCs to
detect tumor development, monitor progression, and/or predict thera-
peutic responses [3, 4]. The objective of this study was to determine if
flow cytometry data analysis of MDSCs and other leukocytes could be
incorporated with a supervised machine learning classifier to identify
individuals presenting either with a prostate malignancy (PCa) or be-
nign condition (such as benign prostate hyperplasia or BPH).
Methods
We used standard multiparametric flow cytometry techniques to immu-
nophenotype MDSCs and other leukocytes found in the peripheral
blood of 73 PCa, 48 BPH, and 73 control subjects; all prostate patholo-
gies were confirmed with a transrectal ultrasound guided prostate
(TRUSP) biopsy. Subjects were excluded if they had a previous history
of cancer (not including subjects under active surveillance), had a med-
ical intervention for prostate cancer, or were receiving a dihydrotestos-
terone (DHT) or alpha-1 blocker for active treatment of BPH. Next, a
series of neural networks were created with inputs consisting of the nu-
merical event counts from the flow cytometry FCS file (fluorescent or
scatter intensity values). Three datasets were constructed: the training
dataset – to ‘teach’ two output categories through backpropagation
and parameter fitting; the validation dataset – to evaluate the fit to
minimize overfitting; and the test dataset – to rank the trained networks
against each other and estimate the classification performance. Finally,
a naïve testing set (i.e. never seen by the network) was used to deter-
mine the overall performance of the top-ranking networks after voting.
Results
With this approach, we were able to distinguish PCa subjects (both
high and low grade) from control subjects with 91.7% accuracy
(AUROC = 0.929; 95% CI: 0.8418 to 1.016). Using the same approach,
we can further identify PCa from BPH subjects with 87.5% accuracy
(AUROC = 0.869; 95% CI: 0.7938 to 0.9442).
Conclusions
By pairing supervised machine learning with the immunophenotyp-
ing of MDSCs and other leukocytes using flow cytometry, we have
developed a novel method for distinguishing PCa from control or
BPH subjects with high levels of accuracy. We believe this method-
ology could be used to predict patient responses to immunother-
apies and/or to monitor tumor recurrence.
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Background
Analyzing anti-cancer immune responses can offer insights into the
mechanisms that underlie successful cancer therapies. While the role of T
cell immunity in anti-cancer responses has been well characterized, the
role of the humoral immune response to cancer remains less clear. Thus,
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we set out to identify anti-tumor antibodies from 11 metastatic breast
cancer (MBC) patients who had exceptional responses to systemic ther-
apy with multi-year benefit, all of whom were disease-free or long-term
non-progressors. The patients’ breast cancers were diverse with respect
to hormone receptor status, HER2 status, and treatment history.
Methods
We used flow cytometry to isolate plasmablasts, which are antibody se-
creting cells produced in lymphoid tissues through activation, affinity
maturation, and differentiation of antigen-specific naive and memory B
cells. Natively paired IgG sequences were generated from individual
cells using Immune Repertoire Capture® (IRC™) technology. Similar im-
munoglobulin sequences were grouped into putative antibody lineages
based on germline gene usage and CDR3 sequence features.
Results
A total of 9160 native pairs of expression-ready, heavy and light chain im-
munoglobulin sequences were generated. The antibody sequences were
grouped into putative clonal lineages, with 931 of these lineages being
expressed by two or more plasmablasts, providing evidence of selection and
expansion. Comparison of the immunoglobulin repertoires across patients re-
vealed several cases in which similar families of antibodies were identified in
more than one patient, suggesting convergent selection. Antibodies in the
putative convergent families were predominantly IgG2 (86%) which was sig-
nificantly higher than the frequency of IgG2 in non-convergent lineages.By
computationally selecting immunoglobulin sequences and expressing them
as recombinant proteins, patient-derived antibodies were identified that bind
to human and mouse cancer cell lines, including human breast and lung can-
cer, and tissues derived from xenogeneic murine models of human breast
and prostate cancer. In addition, several antibodies were shown by immuno-
histochemistry to bind specifically to non-autologous human breast cancer tis-
sue but not to adjacent breast tissue.
Conclusions
Through the use of IRC™ technology and antibody binding assays, the
humoral immune response in MCB exceptional responder patients has
been quantified. Of particular interest, this study has identified patient
derived-antibodies that bind specifically to non-autologous breast cancer
tissue and have potential to form the basis of new cancer therapeutics.
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Background
In patients with melanoma, low levels of tumor-infiltrating lymphocytes
and low/absent PD-L1 expression are associated with limited response
to anti-PD-1/anti-PD-L1 therapies. NKTR-214 (IL-2Rβγ-biased cytokine)
monotherapy stimulates proliferation and activation of lymphocytes in
blood and tumor and increases PD-1/PD-L1 expression. The impact of
NKTR-214 and nivolumab on the systemic immune system and local
tumor microenvironment is presented.
Methods
The melanoma cohort is closed; 41 patients were enrolled with 38
evaluable for efficacy (≥1 follow-up scan). Tumor biopsies were ana-
lyzed using multispectral IHC, gene expression, and TCR sequencing.
Flow cytometry and hematology were used to evaluate blood cells.
PD-L1 expression was evaluated using DAKO, 28-8 PharmDx Assay.
Results
Immune monitoring of blood revealed clear activation of the IL-2 path-
way following administration of NKTR-214 plus nivolumab. Lymphocyte
numbers increased 9x (N=41) from nadir reaching their peak 7 days post
dose and maintained that magnitude of increase after each cycle. The
proportion of proliferating (Ki67+, n=12) CD4+, CD8+, and NK cells in-
creased 13x, 20x, and 6x over baseline, respectively. Similar immune acti-
vation was reported with NKTR-214 monotherapy (8x, 8x, and 7x over
baseline, respectively). Immune cells demonstrated an antigen-
experienced phenotype with an increased proportion of HLA-DR expres-
sion on CD4+, CD8+, and NK cells 3x, 2x, and 6x over baseline, respect-
ively. ICOS levels increased 2x on CD8+ T cells. Baseline and week 3
biopsies (n=12, evaluable) showed local effects on the tumor microenvir-
onment including elevated expression of PD-L1 on the tumor (patients
converted from PD-L1 negative to positive), increased total numbers of
CD8 infiltrate, and increased proportion of proliferating cells all ranging
from 6-17x over baseline. Following treatment, intratumoral gene expres-
sion analyses showed elevations in networks associated with the NKTR-
214 mechanism of action, including induction of an interferon-gamma
gene signature. The investigator-assessed objective response rate as of
12 July 2018 was 50% (N=38), and no responder has relapsed. Deepening
of response was observed over time and was associated with immune
activation, consistent with the MOA of NKTR-214 plus nivolumab. The
median duration of response has not been reached.
Conclusions
NKTR-214 is a robust agonist of the IL-2 pathway and together with
nivolumab promotes immune activation in the periphery and tumor
microenvironment for significant clinical activity. A global phase 3 trial
in treatment-naïve advanced melanoma patients of NKTR-214 plus
nivolumab versus nivolumab (1:1) will be open for enrollment in 2018.
Trial Registration
Clinicaltrials.gov NCT02983045 (PIVOT-02)
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Background
Mutational load, cytotoxic T-cell markers, and PD-L1 have been iden-
tified as biomarkers of response to ICB. However, there is a growing
understanding of the contribution of B-cells in shaping response to
ICB. We conducted a neoadjuvant ICB trial in patients with high-risk
resectable melanoma ((NCT02519322), and identified B-cell signa-
tures in responders by protein expression profiling.
Methods
To further investigate this, we performed transcriptomic profiling of
longitudinal specimens in this melanoma cohort. Differentially
expressed genes (DEG) were assessed in baseline samples with ad-
equate tumor purity. Targeted immune profiling was further performed
using immune deconvolution tool MCP-counter in all baseline and on-
treatment samples, with additional validation from a metastatic renal
cell carcinoma (RCC) trial of ICB (NCT02210117) and the melanoma
TCGA dataset. Cases were dichotomized by CD8 T-cell scores to study
interaction between B- and T-cells. Singlet and multiplex immunohisto-
chemistry assessed spatial organization of the tumor infiltrating B-cells.
Single cell RNA sequencing was performed in an independent cohort
of metastatic melanoma patients treated with ICB.
Results
The most DEG at baseline in melanoma responders to ICB were B-cell
related genes such as MZB1, BTLA, and IGLL5 (NR) (p<0.0001 for all). B-
cell signatures were confirmed by a targeted immune gene assessment
using MCP-counter, showing higher B lineage signatures among re-
sponders at baseline (p=0.036) and on-treatment (p=0.038). Among
baseline cases, B-cells were more strongly predictive among CD8 T-cell
low subsets (p=0.085) compared to T cell high (p=0.833). The applic-
ability of these findings to other tumors was demonstrated in an RCC
cohort, in which B lineage scores was predictive of response (p=2.6e-
03), and differential effects were again seen between CD8 T-cell low
(p=0.008) and high cases (p=0.564). In the melanoma TCGA, B-cell
lineage score was correlated with improved survival (p<0.0001 for over-
all and disease-specific survival), in particular in CD8 T-cell low cases in-
cluding after multivariable adjustment (p=0.001 for overall survival and
0.006 for disease-specific survival). Single cell sequencing in an inde-
pendent melanoma cohort identified DEG within B-cells by response,
providing insights into B-cell phenotypes associated with outcomes. As-
sessment of tissue sections from tumor samples in the neoadjuvant
melanoma ICB cohort demonstrated co-localization of the B cells in TLS
with CD8 and CD4 T-cells and CD21 follicular dendritic cells. The ratio
of tumor area occupied by TLS was higher in responders (p=0.037 at
baseline and 0.002 on-treatment).
Conclusions
Together, these results highlight the potential significance for B-cell
signatures as prognostic and predictive factors for response to ICB.
Fig. 1 (abstract O6). See text for description
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Background
Substantial effort is ongoing to identify predictors of response to im-
munotherapy. Numerous PD-L1 immunohistochemistry (IHC) assays
are now FDA-approved. More recent biomarker approaches include
the assessment of tumor mutational burden (TMB), gene expression
profiling (GEP) and quantitative and/or spatial assessment of multiple
proteins by multiplex IHC/immunofluorescence (mIHC/IF). The pur-
pose of this project was to determine the relative sensitivity and spe-
cificity of these modalities.
Methods
We performed a meta-analysis of the association between overall re-
sponse rate to anti-PD(L)1 monotherapy and PD-L1 IHC, TMB, GEP, or
mIHC/IF. For PD-L1 IHC, only clinical trials that resulted in FDA-
approved indications for anti-PD-(L)1 monotherapy were included.
Due to the earlier development phase of TMB, GEP, and mIHC/IF, all
identified publications or meeting abstracts using these modalities
were included. Results were filtered to ensure that each study/data
set was represented only once. Studies focused on MSI-high tumors
were not included in the TMB category. For each individual study,
the specificity, sensitivity, negative and positive predictive values
(NPV and PPV) were determined according to each individual study’s
scoring algorithm of a positive vs. negative test. Summary receiver-
operating characteristic (sROC) curves corresponding to each of the
modalities were generated with each study 1) weighted equally (i.e.
unweighted) and 2) weighted by patient specimen number tested.
Results
7454 patient specimens representing 10 different solid tumor
types were assayed, and the results were correlated with anti-PD-
(L)1 response. This data was derived from n=25 reports that
tested PD-L1 IHC, n=11 for TMB, n=6 for GEP, and n=5 for mIHC/
IF. When each modality was evaluated with sROC curves, PD-L1
had the lowest predictiveness (unweighted AUC 0.664, weighted
AUC 0.659) followed by TMB (unweighted AUC 0.732, weighted
AUC 0.708, Figure 1A, 1B). Although GEP and mIF/IHC had the
least data available, they had the highest AUCs (unweighted AUC
0.859 and 0.821, weighted AUC 0.877 and 0.785, respectively, Fig-
ure 1A, 1B). Most modalities provide relatively high NPV, but
mIHC/IF also demonstrates high PPV.
Conclusions
Several distinct biomarkers have predictive value in identifying pa-
tients most likely to respond to PD-(L)1 therapy. TMB has modestly
better performance relative to PD-L1 IHC, and newer approaches
such as GEP and mIHC/IF may have improved sensitivity and specifi-
city. Further studies are needed to determine the most predictive
analytes and scoring algorithms, and to assess whether biomarker
performance varies by tumor type. Composite approaches including
more than one of these modalities may perform better than any sin-
gle modality alone.
Ethics Approval
The study was approved by the Johns Hopkins University Institu-
tional Review Board.
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Cancer Vaccines, Personal Vaccines and Tech
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Background
Neoantigens arise from DNA mutations in cancer cells and are im-
portant targets for T cell mediated anti-tumor immunity. NEO-PV-01
is a personal neoantigen vaccine of up to 20 peptides designed
based on a patient’s neoantigen and HLA profile that is directed at
inducing tumor-specific T cell responses to neoantigens. We report
clinical and immune data from NT-001, a phase 1b study of NEO-PV-
01 + adjuvant in combination with nivolumab in metastatic melan-
oma, NSCLC and bladder cancer (ClinicalTrials.gov: NCT02897765).
Methods
After 12 weeks of nivolumab treatment, patients received NEO-PV-01
vaccine plus adjuvant poly-ICLC in a prime-boost format spanning 12
weeks. The primary endpoint is safety; secondary endpoints include
overall response rate (ORR) and the rate of post-vaccination responses.
Comprehensive genomic and immune assessments were performed
with serial biopsies and apheresis before and after vaccination to
characterize treatment-related immune response in each patient.
Results
In 31 patients across tumor cohorts, all vaccine-related AE’s were grade
1/2, with the most frequent being injection site reactions and fatigue.
There were no vaccine-related SAEs. Among the 13 melanoma patients
who received the full vaccine course at the time of data cut, the ORR
was 62% (8/13), of which two responses were seen post-vaccination. A
total of 11/13 (85%) vaccinated melanoma patients remain on treat-
ment with a median duration of 41.3 weeks (range = 29.6-62.0 weeks).
ORR’s were 33% (1/3) for both the NSCLC and bladder cohorts with a
median time on treatment of 39.0 and 31.9 weeks respectively. Notably,
one NSCLC patient who had stable disease on nivolumab alone had a
partial response post-vaccination. Serial immune analysis completed on
10 melanoma patients demonstrated CD4 and CD8 T cell responses
against 58% of vaccine peptides as measured by via IFNγ ELISpot. T cell
responses were neoantigen-specific for 86% (12/14) of peptides tested.
Most T cell responses were polyfunctional, producing multiple cytokines
and were of a memory phenotype. Epitope spreading, defined by post-
vaccination T cell responses to neoantigens not included in the vaccine,
was observed in 4/6 (67%) melanoma patients analyzed. Multi-platform
assessments of immune response, including serial exome sequencing
and TCR repertoire analysis of tumor biopsies will be presented.
Conclusions
Treatment with NEO-PV-01 + adjuvant and nivolumab was well toler-
ated and demonstrated evidence of clinical activity. In addition, this
combination induced broad de novo neoantigen-specific immune re-
sponses in metastatic cancers.
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Background
The need for treatment personalization in cancer therapy is evident as
every tumor is molecularly unique. Especially immunotherapy should
be customized to the highly individual antigenic landscape of every
tumor for optimal efficacy. Glioblastoma are immunologically regarded
as resistant and “cold” with an average of 30-50 mutations per tumor
resulting in very few targetable neoantigens. To fully exploit all avail-
able antigens in glioblastoma, mutation-derived neoantigens as well as
non-mutated antigens that are over-presented in the individual tumor
should be addressed.
Methods
The GAPVAC consortium realized an immunotherapy, in which pa-
tients with newly diagnosed glioblastoma were offered two
peptide-based actively personalized vaccines (APVAC) in addition
to standard chemotherapy. Personalization was based on the mutational
landscape, transcriptome and immunopeptidome of the individual tu-
mors. Analysis of the patients’ immune repertoire before treatment com-
pleted the dataset. GAPVAC-101 (NCT02149225) enrolled 16 patients in a
European phase I feasibility, safety and immunogenicity trial integrated
into standard of care. For APVAC1, up to 7 peptides were selected from a
trial-specific warehouse based on individual biomarker data. Vaccination
(i.d.) with GM-CSF (i.d.) and poly-ICLC (s.c.) started with the 1st adjuvant
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cycle of temozolomide. For APVAC2, analyses revealed between 19 and
84 somatic, non-synonymous mutations in the patients’ tumors. From the
4th TMZ cycle onwards, 11 patients received APVAC2 with usually 2 de
novo antigens per patient (preferentially neoantigens).
Results
Personalized APVAC vaccines could be designed and manufac-
tured for all patients demonstrating the feasibility of the complex
personalization approach. Adverse events were largely reversible
injection site reactions but also 2 anaphylactic reactions and one
increase in cerebral edema. All immune evaluable patients devel-
oped at least one APVAC-specific immune response. Short, non-
mutated APVAC1 antigens induced sustained CD8+ T-cell re-
sponses, in most cases with induction of a memory phenotype.
51% of vaccinated APVAC1 class I peptides were immunogenic
(ex vivo readout). 84.7% of the mutated APVAC2 peptides induced
predominantly multi-functional CD4+ T-cell responses of favorable
TH1 type; 45% of APVAC2 peptides induced also CD8+ T-cell re-
sponses against nested HLA class I neoantigens. Median OS was
29 months from diagnosis in patients that received APVAC vaccin-
ation (N = 15). For one patient, a broad APVAC-specific immune re-
sponse in periphery and tumor was paralleled with a favorable
clinical course.
Conclusions
Overall, the GAPVAC approach displayed expected safety profiles
and high biological activity warranting further development. This
concept may be extrapolated to future developments of personal-
ized medicines.
Trial Registration
NCT02149225
Ethics Approval
The GAPVAC-101 trial was approved by ethics committees in the
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Centrale Commissie Mensgebonden Onderzoek; EC No:
NL51127.000.14- Denmark: De Videnskabsetiske Komiteer Region
Hovedstaden; Protocol-Nr: H-4-2014-121- Spain: Comité Ético de
Investigación Clínica del Hospital Universitari Vall d’Hebron (CEIC)-
Switzerland: Commission cantonale d’ethique de la recherche
(CCER); No. CER 14-189
Cellular Metabolism and Antitumor Immunity

O9
Endoplasmic reticulum stress-induced transcription factor C/EBP
homologous protein (Chop) thwarts effector T cell activity in
tumors through repression of T-bet
Yu Cao, PhD1, Yu Cao, PhD1, Rosa Sierra1, Jimena Trillo-Tinoco1, Carmen
Anadon1, Wenjie Dai1, Eslam Mohamed1, Richard Klar, PhD2, Sven Michel2,
Frank Jaschinski, PhD2, Shikhar Mehrotra, PhD3, Juan Cubillos-Ruiz4, David
Munn, MD5, Jose Conejo-Garcia, MD, PhD1, Paulo Rodriguez1
1H. Lee Moffitt Cancer Center & Research Institute, TAMPA, FL, USA;
2Secarna Pharmaceuticals GmbH & Co. KG, Planegg/Martinsried,
Germany; 3Medical University of South Carolina, Charleston, SC, USA;
4Weill Cornell Medicine, New York, NY, USA; 5Augusta University,
Augusta, GA, USA
Correspondence: Paulo Rodriguez (Paulo.Rodriguez@moffitt.org)
Journal for ImmunoTherapy of Cancer 2018, 6(Suppl 1):O9

Background
The inhibited T cell function present in most patients and experimen-
tal animals with cancer represents a key obstacle in the development
of promising immunotherapies. Several suppressive mechanisms in-
cluding starvation of nutrients, exposure to high levels of reactive
species, and acidosis impair T cell responses and are characterized by
the induction of cellular stress pathways. However, the molecular tar-
gets that render tumor-infiltrating T cells dysfunctional remain prac-
tically unknown. Here, we aimed to determine the role of the C/EBP-
homologous protein (Chop, encoded by Ddit3 gene), a downstream
sensor of severe endoplasmic reticulum (ER) stress, in the functional
regulation of tumor-exposed T cells.
Methods
For in vitro analysis, tumor-exposed activated T cells were collected
for real-time PCR, Western Blot, Fluorescence-Activated Cell Sorting
(FACS), RNA-seq, and Chromatin Immunoprecipitation assays. For T
cell adoptive transfer, CD8+ T cells were isolated from control or
Chop (Ddit3) null Pmel mice, stimulated with gp100 peptide, and
transferred into mice bearing established B16 melanoma tumors.
Next, transferred T cells were detected by FACS and the production
of IFN-gamma examined through ELISpot and FACS. For in vivo
tumor growth, T cell-conditional Chop null (Ddit3 T cell-KO) mice
were generated and injected with s.c. tumors. In some experiments,
CD8+ T cells were eliminated from tumor-bearing mice after treat-
ment i.p. with a depleting anti-CD8 antibody every 3 days.
Results
Our results show that Chop is upregulated in tumor-infiltrating CD8+ T
cells from tumor-bearing mice and patients with advanced ovarian car-
cinoma. Chop upregulation in tumor-infiltrating CD8+ T cells correlated
with poor clinical outcome. The induction of Chop in tumor-exposed T
cells was mediated by an increase in reactive oxygen species and a
subsequent activation of the ER stress-associated kinase Perk. Deletion
of Chop in CD8+ T cells enhanced effector/cytotoxic pathways, pro-
moted significant anti-tumor effects, and overcame tumor-induced T
cell tolerance. Mechanistically, Chop intrinsically repressed the tran-
scription of the master regulator of effector T cell function, T-bet, and
therefore enhanced anti-tumor effector mediators. Moreover, thera-
peutic inhibition of Chop in CD8+ T cells, through specific anti-sense ol-
igonucleotides, dramatically augmented the anti-tumor effectiveness of
T cell-based adoptive transfer therapies.
Conclusions
Our study reveals for the first time the significant regulatory role of
the ER stress-driven Chop in the T cell dysfunction occurring in tu-
mors and suggests the therapeutic potential of inhibiting Chop in T
cells as a strategy to overcome tumor-induced T cell tolerance and
enhance the effect of T cell-based immunotherapy.
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Teresa Manzo, PhD (teresa.manzo@ieo.it)
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Background
The advent of immunotherapy has revolutionised cancer treatment
by inducing, providing, and/or reactivating anti-tumuor T cells.
Complete and durable clinical responses have been achieved in pa-
tients whose cancers were resistant to available standard treatments.
Yet it has still met with limited success in most patients with solid tu-
mours, including pancreatic ductal adenocarcinoma (PDAC). Several
studies both in murine models of pancreatic cancer and PDAC pa-
tients have demonstrated that CD8+ T cells were often scarce and, if
present, dysfunctional. However, our knowledge of the mechanisms
that regulate their function in the context of the tumour microenvir-
onment (TME) is still limited. We designed a study to fill this gap,
aiming to enhance the clinical efficacy of immunotherapy.
Methods
To identify the sequence of events leading to CD8+ T cell dysfunc-
tion in the context of PDAC, first we conducted a longitudinal ana-
lysis of the T cell infiltration in a mouse model that recapitulates the
progression of the human disease. Second, we employed MALDI-FT-
ICR imaging mass spectrometry (IMS) to reveal the compositional
changes in the regions of the murine and human TMEs infiltrated by
CD8+ T cells. Thus, we profiled metabolically and transcriptionally
both murine flow-sorted and patient-derived intra-pancreatic CD8+ T
cells to gain mechanistic insights on their dysfunction. Finally, we
performed adoptive T cell therapy in an engineered mouse model of
PDAC to provide preclinical evidence that metabolic reprogramming
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of tumour-specific T cells might represent an effective strategy to en-
hance outcomes of immunotherapy in PDAC.
Results
We describe high levels of lipid accumulation in the TME areas of
PDAC populated by infiltrating CD8+ T cells. In this lipid-rich TME,
transcriptional deregulation in CD8+ T cells of pathways involved in
lipid metabolism prevented engagement of fatty acid catabolism,
leading to mitochondrial dysfunction and ultimately impairing their
effector functions during PDAC progression. Intra-pancreatic CD8+ T
cells from both murine and human tumours showed down-
regulation of the very-long-chain acyl-CoA dehydrogenase (ACADVL)
enzyme. Metabolic reprogramming of tumour-specific T cells through
enforced expression of ACADVL enabled enhanced intra-tumoral T
cell persistence in an engineered mouse model of PDAC.
Conclusions
CD8+ T cells penetrate into PDAC TME and persist until late stages,
but eventually become functionally impaired. Our comprehensive un-
derstanding of the metabolic state of PDAC TME offers novel insights
in the dynamic of PDAC immunity and we harnessed this information
to generate an innovative immunotherapy strategy based on meta-
bolic reprogramming of tumour-specific T cells.
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Background
PD-1 blockade therapy has been paradigm-shifting for melanoma,
but durable responses only occur in a subset of patients. While we
have previously shown that tumor-infiltrating T cells have repressed
metabolic machinery, the environment itself is nutrient poor due to
the deregulated metabolism of tumor cells. While recent studies have
suggested that T cells compete with tumor cells for glucose, our
studies suggest it is the oxidative metabolism that may be limiting in
tumor immunity. We hypothesize resistance to immunotherapy may
be due to deficiencies in the metabolic makeup of the tumor micro-
environment, and that we can infer that environment’s metabolism
in patients by metabolically profiling tumor cells.
Methods
Melanoma patient samples were profiled by Seahorse analysis in par-
allel to flow cytometric analysis of tumor infiltrating lymphocytes
(TIL). Murine melanoma cells were generated including RNAi con-
structs to specific metabolic pathways. Response to PD-1 blockade
immunotherapy was monitored and lymph node or TIL T cells were
tested for effector function, metabolism, and localization by flow cy-
tometry and immunofluorescence.
Results
Analysis of melanoma patient biopsies showed striking heterogeneity
in the metabolism of tumor cells. Patients with more metabolically ac-
tive tumors have more dysfunctional TIL, while tumors that were meta-
bolically quiescent contained T cells with superior effector function.
Profiling of patient tumor cells prior to PD-1 blockade therapy revealed
that patients with metabolically oxidative tumors had poorer responses
while patients with quiescent tumors experienced long-term response.
To confirm the role of oxidative metabolism, we generated murine mel-
anoma lines in which glucose or oxidative metabolism was inhibited.
Tumor cells in which oxidative (but not glucose) metabolism was
inhibited created a less hypoxic microenvironment, had improved T cell
function, and an increased response to PD-1 blockade immunotherapy.
Conclusions
Our data suggest that the degree of tumor hypoxia, driven through
deregulated oxidative metabolism of the tumor cell, determines
whether T cells have a permissive microenvironment for effective im-
munotherapy, and that inhibiting tumor cell oxidative metabolism may
be an attractive strategy to improve the efficacy of immunotherapy.
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Background
Tumor antigen-specific T cells rapidly lose energy and effector function
in tumors. The cellular mechanisms by which energy loss and inhibition
of effector function occur in tumor infiltrating lymphocytes (TILs) are ill-
defined. Processes upstream of the mitochondria guide cell-intrinsic en-
ergy depletion. We hypothesized that a mechanism of T cell-intrinsic
energy consumption that may affect exhausted CD8+ TILs was the
process of oxidative protein folding that takes place in the endoplasmic
reticulum (ER) guided by protein kinase R-like endoplasmic reticulum
kinase (PERK) and its downstream target ER oxidoreductase ERO1a.
Methods
To test our hypothesis, we created TCR transgenic mice with a T cell-
specific PERK gene deletion (OT-1-Lckcre-PERKf/f, PERK KO) to deter-
mine how the PERK axis shapes T cell energetics and oxidative stress.
We used proteomics, small molecule inhibitors, and quantification of
PERK axis gene activation in CD8 TILs to measure how this axis im-
pacts T cell bioenergetics.
Results
We found that, through PERK, ERO1a drives energy consumption and
oxidative stress in T cells. Proteomics analysis revealed that ERO1a in-
duced a protein profile in T cells associated with increased transla-
tion, energy production and consumption, and extraction of
misfolded proteins. We identified a biomarker of PERK-ERO1a-
mediated metabolic exhaustion and oxidative stress in T cells as
mitochondrial reactive oxygen species (mtROS), and we found that PD-
1+ CD8+ TILs express mtROS and high levels of ERO1a. In vivo treat-
ment with a PERK inhibitor abrogated mtROS and boosted viability and
effector function of PD-1+ CD8 TILs. Combination therapy was effective
compared to control conditions in a sarcoma mouse model.
Conclusions
Our data identify the ER as a regulator of T cell energetics and indicate
that ER elements are effective targets to improve cancer immunotherapy.
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Background
Cancer immunotherapy fails for a majority of patients due a number
of resistance mechanisms including the recruitment, activation, and
differentiation of regulatory T cells (Treg). While metabolically harsh
conditions in the tumor microenvironment (TME) starve infiltrating
effector T cells, it has been shown that Treg cells have a distinct
metabolic profile potentially providing them metabolic flexibility to
utilize metabolites rich in the TME. Therefore, we hypothesized that
the TME is metabolically supporting Treg cells.
Methods
Methods: B16, a mouse model of melanoma, was used. From tumor bear-
ing mice conventional effector T cells and Treg cells were transcriptionally
and metabolically profiled using flow cytometry, proliferation assays, sup-
pression assays, and isotopic flux analysis. A mouse with a Treg specific
deletion of MCT1, a predominant lactate transporter, was generated. A
pharmacological inhibitor of MCT1 was used to prevent lactate uptake.
Results
Results: In vitro, Treg cells conditioned in no or low glucose media
were superior suppressors to those conditioned in high glucose.
Similarly, sorting Treg cells based on glucose uptake revealed low
glucose Treg cells to be superior suppressors. Transcriptional and
metabolic profiling revealed intratumoral Treg cells upregulate a dis-
tinct metabolic profile utilizing the glycolytic end-product, lactic acid.
Lactic acid has been known to be immunosuppressive, and indeed, it
curbed the function of conventional effector cells in vitro. However,
lactic acid had no effect on Treg cell function. Isotopic flux analysis
revealed lactate is utilized by Treg cells to generate glycolytic inter-
mediates, in part through gluconeogenic pathways. Inhibition of glu-
coneogenesis in vivo resulted in decreased proliferation of tumor
infiltrating Treg cells. Preventing lactate transport in Treg cells
through a conditional knockout of MCT1 resulted in mice with nor-
mal immune homeostasis, but superior anti-tumor immunity when
implanted with melanoma. This coincided with increased IFN-γ pro-
duction by intratumoral CD8, Treg, and Tconv cells leading to dra-
matically slowed tumor growth.
Conclusions
Conclusions: These data suggest that lactic acid supports Treg cells
in the TME and that targeting lactate metabolism to weaken Treg
cells may increase efficacy of cancer immunotherapy.
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Background
Active migration of lymphocytes within tumors is pre-requisite to im-
mune therapies. Both solid tumors as well as bone marrow malignan-
cies develop regions of low oxygen partial pressures, i.e. below 5
mmHg, known as tumor hypoxia. Tumor hypoxia plays multiple roles
in tumor immune suppression including tissue expression of check-
point molecules, decreased antigen presentation and deactivation of
various tumor-infiltrating lymphocytes (TILs). However, the relation-
ship of intratumoral oxygen distribution to the motility of TILs re-
mains undefined, largely owing to the lack of a suitable method for
contextual imaging of oxygen gradients and cell dynamics in vivo.
Methods
Using PtP-C343 oxygen probe, we developed a regimen of intravital
2-photon microscopy that combines TIL motility recording with oxy-
gen imaging based on phosphorescence lifetimes. We applied this
method, termed 2-photon pre-pulse phosphorescence lifetime im-
aging microscopy (2PreP-PLIM) to relate the dynamic behavior of T
cells to the local oxygen gradients that develop inside solid lung tu-
mors and leukemic bone marrow in pre-clinical mouse models.
Results
We found that tumor infiltrating T-lymphocytes traversed regions of
varying oxygen concentrations, including regions of hypoxia that de-
veloped within the solid tumor cores and in bone marrow with
advanced-stage B-cell acute lymphocytic leukemia (B-ALL). T cell mo-
tilities were markedly decreased in hypoxic regions compared to the
neighboring normoxia, and many of the TILs experiencing hypoxia
appeared stalled. Remarkably, breathing 100% oxygen, which allevi-
ated hypoxia inside solid lung tumors, rapidly increased the migra-
tory behavior of otherwise stalled T cells.
Conclusions
The devised technique for intravital oxygen and cell dynamics co-
imaging reveals a role of oxygen supply in promoting intratumoral T
cell migration. Our results reveal reinvigoration of TIL motility as a
new mechanistic benefit of oxygen and, possibly, other hypoxia
countermeasures in counteracting tumor immune suppression.
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Background
Over 20,000 women are diagnosed with ovarian cancer annually, and
over half will die within 5 years. This rate has changed little in the
last 20 years, highlighting the need for therapy innovation [1]. One
especially promising new strategy employs immune T cells engi-
neered to target proteins uniquely overexpressed in tumors, with the
potential to limit tumor growth without toxicity to healthy tissues.
Mesothelin (Msln) is a rational target for ovarian cancer immunother-
apy [2] - it contributes to the malignant and invasive phenotype in
these tumors and has limited expression in healthy cells [3,4,5].
Methods
Deep transcriptome profiling of whole tumor tissue was used to con-
firm the expression of similar gene signatures in human cancers and
in the preclinical ID8 mouse model, including comparable expression
of immunosuppressive pathways. For example, RNA sequencing, flow
cytometry and immunohistochemistry analysis revealed consistently
high expression of the immunomodulatory protein Fas ligand (FasL).
Human/mouse T cells were engineered to express a human/mouse
Msln-specific high-affinity T cell receptor (TCR-Msln)[6] and tested for
cytotoxic activity against human patient-derived or ID8 mouse ovar-
ian cancer cell lines in vitro and in vivo.
Results
In a disseminated ID8 tumor model, adoptively transferred TCR-Msln
T cells preferentially accumulated within established tumors, delayed
ovarian tumor growth, and significantly prolonged mouse survival.
However, our data also revealed that elements in the tumor micro-
environment (TME) limit engineered T cell persistence and anti-
cancer activity. We and others previously detected FasL in the tumor
vasculature [7] and TME of human and murine ovarian cancers. FasL
can induce apoptosis in infiltrating lymphocytes expressing Fas



Journal for ImmunoTherapy of Cancer 2018, 6(Suppl 1):115 Page 382 of 398
receptor (Fas)[8]. To overcome this potential T cell evasion mechan-
ism, we generated a panel of immunomodulatory fusion proteins
(IFP) containing the Fas extracellular binding domain fused to a
CD28 or 4-1BB co-stimulatory domain, rather than the natural death
domain. Relative to T cells modified with only TCR-Msln, T cells engi-
neered to express both TCR-Msln and a Fas IFP preferentially infil-
trate tumors, expand/persist and retain function in the TME of
tumor-bearing mice. Moreover, adoptive immunotherapy with IFP+ T
cells significantly prolonged survival in tumor-bearing mice, relative
to TCR-Msln T cells lacking an IFP.
Conclusions
Fas/FasL signaling can mediate T cell death, including activation-
induced cell death, an apoptotic mechanism responsible for regulat-
ing T cell expansion. Thus, tumor cells may upregulate FasL for pro-
tection from tumor-infiltrating lymphocytes. As many solid tumors
overexpress FasL, IFPs may provide an opportunity to enhance engi-
neered adoptive T cell therapy against many malignancies.
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Background
Adoptive Cell Transfer (ACT) using Tumor Infiltrating Lymphocytes
(TIL) for unresectable metastatic melanoma results in a median pro-
gression free survival of 6 months and median overall survival of 33
months at our institution. The purpose of this study is to analyze the
phenotype and function of patient infused TIL and identify TIL phe-
notypes associated with response and progression free survival.
Methods
Patient-derived and infused TIL samples were phenotyped for com-
position of CD4+ and CD8+ T-cells, expression of co-stimulatory and
co-inhibitory markers (4-1BB, PD-1, OX-40, BTLA, LAG3, TIM3, TIGIT),
and Tregs (CD4+ CD25hi CD127-). Additionally, T-cell memory
markers were used to analyze the proportion of naïve (CD45RA+
CCR7+ CD62L+ CD95-), T stem cell memory (Tscm) (CD45RA+ CCR7+
CD62L+ CD95+), central memory (CD45RA- CCR7+ CD62L+ CD95+),
effector memory (CD45RA- CCR7- CCR7- CD62L- CD95+), and ter-
minal effector (CD45RA+ CCR7- CD62L- CD95+). Samples was co-
cultured with HLA-matched melanoma cell lines and analyzed for
IFNγ production.
Results
Forty one infused TIL samples were analyzed. We observed an in-
creased CD8+:CD4+ T-cell ratio in patients who were partial or
complete responders (responders) compared to stable disease and
progressive disease (non-responders) by RECIST criteria. No differ-
ences in expression of co-stimulatory or co-inhibitory markers on
CD8+ or CD4+ T-cells were found. An overall increase in Treg per-
centage was found in non-responders, though there was no increase
in Tregs as a percentage of CD4+ T-cells. Among memory T-cell pop-
ulations, responders had enrichment for CD8+ Tscm cells as a per-
centage of total TIL compared to non-responders. Additionally,
patients with greater than 12% CD8+ Tscm in the TIL product have
not met their median 5 year progression free survival compared to 6
months for patients with 12% of less CD8+ Tscm. Of 37 samples, 20
were reactive in an MHC class I dependent manner against at least
one HLA-matched melanoma cell line. Additionally, reactivity was as-
sociated with an increased progression free survival of 35 months
compared to 5 months for non-reactive samples.
Conclusions
In this study we show that CD8+ Tscm T-cells within the ACT TIL
therapy product as well as reactivity to HLA-matched cell lines is as-
sociated with patient response to therapy as well as progression free
survival. Tscm cells have been of great interest in cellular therapies
due to their increased persistence. These data form the rationale for
enriching CD8+ Tscm cells in TIL ACT products and could lead to bet-
ter clinical outcomes.
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Background
Outcomes for patients with recurrent/metastatic Epstein-Barr virus
positive (EBV+) nasopharyngeal carcinoma (NPC) are poor and treat-
ment options are limited. Previously, systemic administration of up to
3x10^8/m2 autologous EBV-specific T-cells was safe, however antitu-
mor activity was limited. Lack of efficacy was likely due to i) limited
specificity of the infused T-cell products to EBV antigens expressed in
NPC, ii) lack of T-cell expansion, and iii) the immunosuppressive tumor
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microenvironment. To address these limitations, we developed a prod-
uct enriched in LMP1-, LMP2-, EBNA1-, and BARF1-specific T-cells. T-
cells were also modified to resist TGFβ mediated immunosuppression
by introducing a dominant-negative TGFβ receptor (DNR.NPC T-cells).
We evaluated the safety and antitumor activity of these DNR.NPC T-
cells in patients with recurrent/metastatic NPC.
Methods
In a phase 1 trial, NCT02065362, we administered 0.4-1x10^8/m2 au-
tologous DNR.NPC T-cells to patients with recurrent/metastatic EBV+
NPC with or without cytoreductive chemotherapy. Post-infusion we
evaluated safety, T-cell expansion, and antitumor activity.
Results
Four patients received two doses of 2x10^7/m2 DNR.NPC T-cells 14
days apart. Without cytoreduction, T-cell expansion was limited as
judged by DNR-qPCR (mean peak: 80.2 copies/μg DNA; range: 10.4-
133.6 copies/μg DNA). The protocol was therefore modified to in-
clude cytoreductive chemotherapy with cyclophosphamide (Cy;
500mg/m2/day) and fludarabine (Flu; 30mg/m2/day) on days -4 to -2
prior to T-cell infusion. Cy/Flu and T-cell infusions were well tolerated
without dose limiting toxicities in 4 patients who received either
4x10^7 cells/m2 (n=2) or 1x10^8 cells/m2 (n=2). There was a 128-
fold greater DNR.NPC T-cell expansion (p<0.05) in patients who re-
ceived cytoreduction compared to those who did not. T-cell expan-
sion occurred at a median 7 days post infusion (range: 4-7 days) with
a peak DNR-qPCR level of 10,305 copies/μg DNA (range: 1,016-31,765
copies/μg DNA). Antitumor activity was assessed 6 weeks post T-cell
infusion. Without cytoreduction, 2/4 patients had progressive disease,
1 had stable disease (SD), and 1 was not evaluable. Of the 4 patients
who received cytoreduction followed by T-cells, 3/4 had SD, and 1,
who had imaging findings of unknown significance (recovering mar-
row vs metastatic disease), had a complete response. With a median
follow up of 19.5 months (range: 18.2-27.7 months), 3/3 patients who
received T-cells only died from disease progression. In contrast, 4/4
patients who received T-cells preceded by cytoreduction are alive; 2
with SD, and 2 in remission.
Conclusions
Infusion of DNR.NPC-specific T-cells after cytoreductive chemother-
apy is safe, results in robust T-cell expansion, and is associated with
objective clinical benefit in patients with recurrent/metastatic NPC.
Ethics Approval
This study (ClinicalTrials.gov identifier: NCT02065362) was approved
by the institutional review board at Baylor College of Medicine
(Houston, TX) and by the US Food and Drug Administration.
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Background
Metastatic myxoid/round cell liposarcoma (MRCLS) has a poor
prognosis. NY-ESO-1 is expressed in 80-90% of MRCLS tumors,
making it an attractive target for adoptive T-cell immunotherapy.
This study evaluates affinity enhanced autologous NY-ESO-
1c259T-cells (SPEAR T-cells) recognizing an NY-ESO-1-derived pep-
tide complexed with HLA-A*02 in MRCLS (NCT02992743).
Methods
This open label phase I/II single arm pilot study evaluates efficacy,
safety, and translational research endpoints. The protocol was ap-
proved by each center’s Institutional Review Board, and all patients
signed informed consent forms. Eligible patients are ≥ 18 years old;
HLA-A*02:01+, *02:05+ or *02:06+; have advanced MRCLS expressing
NY-ESO-1 at 2+/3+ intensity in ≥30% of tumor cells by immunohisto-
chemistry; have measurable disease; received anthracycline therapy;
ECOG status 0 or 1; and have adequate organ function. Following
apheresis, T-cells are isolated, expanded, transduced with a lentiviral
vector containing the NY-ESO-1c259TCR, and 1– 8 × 109 transduced
T-cells are infused on day 1 after lymphodepletion with fludarabine
30 μg/m2/d and cyclophosphamide 600 μg/m2/d on d -7 to -5. Re-
sponse is assessed at 4, 8, 12, and 24 weeks and then every 3
months until disease progression.
Results
Thirty-nine patients were screened: 20 had the requisite HLAs, and 17
of these had NY-ESO-1 present at required levels. Thirteen patients
were enrolled, and 10 received the TCR therapy between 04 October
2017 and 27 June 2018 (as of 12 July 2018). The patients received 1.0-
5.7 × 109 transduced T-cells. Two patients were recently treated, and
tumor lesion assessment at week 8 is still pending. There are post-
infusion tumor lesion assessments for 8 patients: 3 females, 5 males,
with a median age of 48, and median 4 lines of prior systemic therap-
ies. At the time of the data cut-off, 4 of the 8 patients (50%) have
achieved a confirmed partial response (PR) and 50% have stable dis-
ease (SD) as the best overall response. The duration of responses varies
from 4 weeks to greater than 5 months; 2 of the patients have ongoing
PRs as of 12 July 2018. AEs ≥ grade 3 in these 8 patients include lym-
phopenia (6), neutropenia (5), leukopenia (5), thrombocytopenia (3),
hypophosphatemia (2), anemia (1), cytokine release syndrome (1; SAE),
pyrexia (1) and leukocytosis (1). None required study discontinuation.
Conclusions
These preliminary data indicate that treatment with NY-ESO-
1c259T-cells in MRCLS appears to have an acceptable safety pro-
file consistent with other NY-ESO-1c259T-cell studies, with poten-
tial for anti-tumor effects. We will report updated results.
Trial Registration
NCT02992743
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Background
Regulatory T cells (Tregs) play a pivotal role in maintaining immuno-
logical tolerance, which can inhibit antitumor immune responses and
may mediate resistance to immunomodulatory therapy targeting
CTLA-4 or PD-1/PD-L1. Mogamulizumab (Moga) is a humanized IgG1
monoclonal antibody (mAb) targeting anti-CC-chemokine receptor 4
(CCR4), which is highly expressed on Tregs. This study sought to
evaluate whether Treg depletion by Moga enhanced antitumor re-
sponse in combination with PD L1 blockade by Durvalumab (Durva)
or CTLA-4 blockade by Tremelimumab (Treme).
Methods
Study 0761 012 was a multicenter, Phase 1, open-label, dose escal-
ation/cohort expansion study of Moga in combination with either
Durva (Treatment A; TrA) or Treme (Treatment B; TrB) in adult sub-
jects with advanced solid tumors. Dose escalation (Part 1) included 4
dose cohorts for each combination (Table 1). There was one tumor-
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specific expansion cohort (Part 2). The primary objective was to as-
sess safety and tolerability; the secondary objectives were to evaluate
antitumor effect (RECIST 1.1 and irRECIST 1.1), pharmacokinetics, and
immunogenicity. Exploratory objectives were to examine biomarkers/
pharmacodynamics.
Results
A total of 64 subjects were enrolled and treated: n=40 in Part 1 (Table 1)
and n=24 in Part 2. Dose escalations were completed in Part 1 without
any dose-limiting toxicities, and combinations of 1 mg/kg Moga with 10
mg/kg of either Durva (TrA) or Treme (TrB) were used to treat an expan-
sion cohort with pancreatic cancer in Part 2. Treatment-emergent ad-
verse event (TEAE) rates and most common TEAEs for each treatment
combination are shown in Table 2 (Table 2). Moga showed pharmaco-
logic activity by reduction in number of peripheral blood CCR4+ effector
Tregs (eTregs) in both TrA and TrB; however, other important effector
cell types were also depleted. One TrA subject with ASPS and one TrB
subject with prostate cancer had partial responses, with a duration of re-
sponse of 10.6 months and 3.7 months, respectively. Five (26.3%) TrA
subjects and 7 (36.8%) TrB subjects showed disease stability. No subjects
with pancreatic cancer responded. There was no correlation between
the degree of peripheral blood eTreg depletion and response.
Conclusions
Combining Moga with either Durva or Treme in solid tumors was tol-
erable and effectively decreased eTregs in peripheral blood. There
was no efficacy beyond what was anticipated from the individual
monotherapy with Durva or Treme. Concomitant depletion of non
eTreg effector T cell populations may have been responsible for the
apparent lack of therapeutic enhancement.
Trial Registration
NCT02301130
Ethics Approval
This study was approved by an Institutional Review Board at each in-
vestigative site.
Table 1 (abstract O19). See text for description

Table 2 (abstract O19). See text for description
Clinical Trials (In Progress)
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Background
Tumor growth inhibition by anti-semaphorin 4D (SEMA4D, CD100)
blocking antibody is enhanced when combined with various im-
munotherapies in preclinical animal models. Immune checkpoint
combinations with pepinemab (VX15/2503), humanized anti-SEMA4D
antibody, are currently being evaluated in several clinical trials.
Methods
Mechanistic studies in syngeneic preclinical models investigated the
effects of SEMA4D blockade on anti-tumor activity and immune re-
sponses, both as a single agent and in combination with various im-
munotherapy agents. Pepinemab (VX15/2503) is currently being
evaluated as single agent or in combination with other immunother-
apies in four clinical trials: (i) a Phase 1b/2a combination trial of pepi-
nemab with avelumab in NSCLC (CLASSICAL-Lung) (NCT03268057);
(ii) a phase 1 combination trial of pepinemab with nivolumab or ipili-
mumab in melanoma patients who have progressed on any anti-PD-
1/PD-L1 (NCT03425461); (iii) a neoadjuvant integrated biomarker trial
in patients with metastatic colorectal and pancreatic cancers treated
with pepinemab in combination with nivolumab or ipilimumab
(NCT03373188); and (iv) a Phase 1/2 trial of pepinemab in children
with solid tumors and children and young adults with osteosarcoma
(NCT03320330).
Results
SEMA4D exerts multi-faceted effects within the tumor microenviron-
ment by creating a barrier at the tumor-stroma margin to restrict im-
mune cell infiltration and promoting immunosuppressive activity of
myeloid-derived cells. Blocking antibody to SEMA4D directly en-
hanced M1/M2 ratio, and both reduced expression of chemokines
that recruit MDSC and the ability of MDSC to suppress T cell prolifer-
ation. In preclinical models, anti-SEMA4D reduced the function of
MDSC and Treg in the TME while simultaneously restoring the ability
of dendritic cells and cytotoxic T cells to migrate into the tumor. Im-
portantly, anti-SEMA4D MAb enhanced the activity of co-administered
immunotherapies in murine colon, head and neck (HNSCC), and melan-
oma models. For example, anti-SEMA4D plus anti-CTLA-4 resulted in
90% complete tumor rejection (CR) (p<0.0001) in an HNSCC model rep-
resentative of a T cell inflamed tumor with high MDSC suppression.
Combination treatment of anti-SEMA4D with anti-LAG3 or epigenetic
modulator entinostat resulted in maximal tumor growth delay and 90%
CR (p<0.0001).Pepinemab treatment was well tolerated in a Phase I trial
in patients with advanced refractory solid tumors (NCT01313065). Sev-
eral clinical trials are in progress to evaluate safety, tolerability, efficacy,
and biological endpoints, including immunophenotyping tumors and
blood of patients treated with pepinemab in combination with immu-
nomodulatory agents. Trial design will be reported and enrollment up-
dates are expected.
Conclusions
SEMA4D blockade represents a novel approach to promote func-
tional immune infiltration into the tumor, reduce mesenchymal sup-
pression, and enhance immunotherapy effects.
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Background
T cell immunoglobulin and mucin-domain containing-3 (TIM-3) is a
key immune checkpoint that is often co-expressed with programmed
cell death protein (PD)-1 and has been implicated in both effector T cell
exhaustion and immune suppression mediated by myeloid cells. TIM-3
expression on effector T cells is associated with reduced cell prolifera-
tion and cytokine production, while TIM-3 expression on dendritic and
other myeloid cells may prevent recruitment and priming of T cells. In
combination with PD-1 blockade, anti-TIM-3 enhances the activation of
T cells and demonstrates greater anti-tumor activity than anti-PD-1
alone in preclinical models. TSR-022 is a potent, selective anti-TIM-3
antibody that is being developed in combination with PD-1 blockade.
Methods
TSR-022 is being investigated in a multicenter, open-label, first-in-
human phase 1 trial that is enrolling patients with advanced or meta-
static solid tumors that have progressed after treatment with avail-
able therapies or are intolerant to standard treatment. Part 1
includes an evaluation of dose escalation of TSR-022 as a monother-
apy, as well as in combination with TSR-042, an anti-PD-1 antibody,
also including immuno-oncology–naïve patients. Patients received IV
infusion of TSR-022 alone and in combination with 500 mg TSR-042
in escalating, fixed doses. The primary objective of the part 1 study is
to determine the recommended phase 2 dose (RP2D) and to evalu-
ate the safety and tolerability of TSR-022 alone and in combination
with TSR-042. In part 2 of the study, the anti-tumor activity of TSR-
022 in combination with TSR-042 is being evaluated in colorectal
cancer, post-PD-1 melanoma, and post-PD-1 NSCLC.
Results
As of July 13, 2018, 98 patients have been treated in part 1 of this
study and 104 patients have been treated in part 2. Of these 202 pa-
tients, 52 received TSR-022 monotherapy and 150 received combin-
ation therapy of TSR-022 and TSR-042. The incidence of grade ≥3
treatment-related adverse events in combination therapy was 6.7%.
The grade ≥3 treatment-related adverse events in combination ther-
apy that occurred in >1.0% of patients were lipase increased (1.3%)
and rash maculo-papular (1.3%). There was a dose-proportional in-
crease in TSR-022 exposure and receptor occupancy. Objective re-
sponses were observed in patients with post-PD1 NSCLC and
melanoma and will be reported.
Conclusions
TSR-022 in combination with TSR-042 was well tolerated across mul-
tiple dose levels. Adverse events were manageable and consistent
with the safety profiles of other checkpoint inhibitors. Clinical activity
was observed and warrants continued exploration.
Trial Registration
clinicaltrials.gov NCT02817633
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Background
While immunotherapy including checkpoint inhibitors and targeted
therapies (BRAF/MEK inhibitors) are options for patients with meta-
static melanoma, many patients experience progression. Patients pro-
gressed after multiple checkpoints and targeted therapy have few
treatment options available including high dose IL-2 and chemother-
apy. Response rates of 4-10% have been reported for investigator’s
choice of these second line agents. Adoptive cell therapy utilizing
tumor-infiltrating lymphocytes (TIL) is recognized as an effective treat-
ment in metastatic melanoma and other solid tumors eliciting durable
and complete responses, even in heavily pretreated patients. We pro-
vide preliminary data of responses to lifileucel and biomarkers in heav-
ily pre-treated metastatic melanoma patients who have progressed on
multiple checkpoint and BRAF/MEK inhibitors (if BRAF mutated).
Methods
C-144-01 is a global phase 2, open-label, multicenter study of efficacy
and safety of lifileucel in patients with unresectable metastatic mel-
anoma. We report on Cohort 2 (N=30) patients who received cryo-
preserved Gen-2 lifileucel. Tumors resected at local institutions are
processed at central GMP facilities in a 22-day manufacturing
process. The final product is cryopreserved and shipped to the sites.
Patients receive one week of a preconditioning cyclophosphamide/
fludarabine lymphodepletion regimen, followed by a single infusion
of lifileucel, plus up to 6 doses of intravenous IL-2 (600,000 IU/kg).
Results
Cohort 2 patients with Stage IIIC/IV melanoma had a median of 3
prior therapies. Concomitantly administered treatment regimens con-
taining multiple agents, such as ipilimumab and nivolumab, were
counted as a single prior therapy if the therapies were started within
28 days of one another. Preliminary results from this ongoing study
indicate efficacy in Cohort 2: ORR=33% (1 uCR, 7 PR, 2 uPR),
DCR=73%, median follow-up of all patients was 6 months, median
time to initial response 1.7 months (range: 1.6-4.4 months), and me-
dian DOR not reached (8 ongoing responders out of 10). Median fol-
low up for all responders was 4.5 months. A longer follow-up led to
improving responses in some patients including the CR. Per investi-
gator assessment, none of the grade 5 SAEs were due to any of the
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study treatment. Lifileucel-induced in vitro IFNγ response to antibody
coated beads (anti-CD3, anti-CD28, anti-CD137) and serum IP-10
levels post-treatment, correlates with reduction in tumor (Sum of
Diameter of target lesions) and/or overall response.
Conclusions
These preliminary data support TIL therapy with lifileucel as an effica-
cious and well tolerated therapeutic option for patient with metastatic
melanoma who have failed multiple lines of prior therapies including
checkpoint inhibitors and BRAF/MEK inhibitors (if BRAF mutated).
Trial Registration
NCT02360579
Ethics Approval
The C-144-01 study was approved by Western Institutional Review
Board, approval number 20160198, along with additional approvals
by applicable institutional Ethics/Review Boards.
Table 1 (abstract O22). Demographics & Baseline Characteristics
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Background
Selicrelumab is a fully human agonistic IgG2 monoclonal antibody to
CD40, a member of the TNF-receptor superfamily expressed on antigen-
presenting cells (APC), endothelial cells and some tumors. CD40 activa-
tion of APCs primes T-cells, whereas vanucizumab (anti-Ang2/VEGF bispe-
cific antibody) - on top of anti-angiogenic effects - supports dendritic cell
maturation and inhibits immunosuppressive signals. Here, results of the
dose escalation study exploring selicrelumab administered subcutane-
ously (SC) combined with vanucizumab are reported.
Methods
This is an ongoing study in patients with advanced/metastatic solid
tumors not amenable to standard therapy (NCT02665416) assessing
safety, PK/PD, and antitumor activity by RECIST and irRC.
Results
Fifty-nine patients received intravenous vanucizumab (2g; q2w)
followed by SC selicrelumab at doses of 1-72mg (q4w). Selicrelumab
serum concentrations were below the limit of quantification at doses
up to 14mg, higher doses resulted in measurable serum levels with
high inter-subject variability. Dose-limiting toxicity occurred in 1 patient
with injection site reaction (ISR) G3 in the 8mg selicrelumab cohort. The
most frequent observed AEs were ISR (91.5%), pyrexia (54.2%), nausea
(49.2%), fatigue and hypertension (44.1% each). No selicrelumab-
related G4/G5 AEs were reported, vanucizumab toxicity was as ex-
pected for a VEGF inhibitor. Best response by RECIST in 54 efficacy-
evaluable pts was 1 CR (bladder cancer, 32mg) + 1 PR (ovarian cancer,
24mg), and 29 SD. SD patients included 3 patients with unconfirmed
PR and one irPR (medullary thyroid, head and neck, esophageal, and
adrenal carcinoma; at 8, 12, 14, and 14mg, respectively); two of these
patients stopped treatment due to wound healing complications after
rapid and deep response.Exploratory biomarker analyses showed
selicrelumab-dose dependent peripheral B-cell depletion, despite non-
detectable serum drug levels, followed by activation/proliferation of
CD8+ T-cells - most prominently observed at intermediate selicrelumab
dose levels (8-32mg). Furthermore, tumor infiltration of activated/prolif-
erating T-cells was generally higher at these dose levels. Baseline B-cell
counts in tumor and periphery and post-treatment activation of
peripheral CD8 T-cells potentially correlate with radiological re-
sponse. Immune modulation is being investigated by comparing
gene expression patterns of paired baseline vs. on-treatment
biopsies.
Conclusions
Selicrelumab with vanucizumab shows pharmacodynamic and
early clinical activity in patients with advanced solid tumors. Cor-
relative analyses suggest a contribution of CD40 agonism to the
activity observed. The combination demonstrated a favorable
safety profile with no evidence for systemic autoimmune toxicity.
The results triggered an expansion of the study in selected tumor
indications with 16mg SC selicrelumab in combination with beva-
cizumab (anti-VEGF).
Trial Registration
This study is registered on Clinicaltrials.gov: NCT02665416
Ethics Approval
This study was approved by the local IRB at each participating study site.
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Background
Enoblituzumab is a humanized IgG1 monoclonal antibody (mAb) target-
ing B7-H3 (CD276), and is Fc-engineered to enhance antibody-
dependent cell-mediated cytotoxicity. B7-H3 has limited normal tissue ex-
pression, but is highly expressed in many solid tumors. Enoblituzumab
monotherapy has demonstrated antitumor activity with an acceptable
safety profile in patients with selected solid tumors. Pembrolizumab is a
humanized IgG4 anti-PD-1 mAb and is FDA approved for multiple solid
tumor indications. It is hypothesized that coordinate engagement of both
innate and adaptive immunity via targeting of two distinct members of
the B7 family, the combination of enoblituzumab and pembrolizumab
could achieve greater antitumor activity than either agent alone.
Methods
Patients with advanced/metastatic solid tumors received weekly (qwk)
enoblituzumab (doses 3-15 mg/kg) IV plus pembrolizumab (2 mg/kg)
IV q3wk during dose-escalation (3+3 design) and cohort expansion.
Tumor B7-H3 and PD-L1 expression was assessed via immunohisto-
chemical staining. Disease assessment occurred after 6 weeks, then
q9wks thereafter. Expansion cohorts included non-small cell lung can-
cer (NSCLC; checkpoint-inhibitor naïve, PD-L1 <1%) NSCLC (post check-
point inhibitor), squamous cell carcinoma of the head and neck
(SCCHN; checkpoint-inhibitor naïve), SCCHN (post checkpoint inhibitor),
and urothelial cancer (UC) and melanoma (post checkpoint inhibitor).
Results
The combination demonstrated acceptable tolerability in the overall popu-
lation (N=133) at doses up to enoblituzumab 15 mg/kg+pembrolizumab
(2 mg/kg), with no maximum tolerated dose defined. Treatment-related
adverse events (AE, all grade) occurred in 85% of patients, with > G3 in
28%. Infusion-related reaction and elevated lipase (6%) were the only
Grade > 3 AE occurring in > 5% of patients. One treatment-related death
due to pneumonitis occurred. The combination demonstrated antitumor
activity in checkpoint-inhibitor-naïve SCCHN patients, and also induced ob-
jective responses in patients anticipated to have relatively limited respon-
siveness to pembrolizumab alone, including NSCLC with tumor PD-L1
expression <1% and checkpoint-inhibitor-refractory UC. To date, objective
responses have occurred in 6/18 (33%) response-evaluable, checkpoint-
inhibitor-naïve SCCHN patients, including 4 confirmed and 2 unconfirmed
PR, with stable disease in 6/18 (33%). Among SCCHN patients with tumor
B7-H3 expression >10%, the ORR was 40% (6/15). In NSCLC patients (PD-1
naïve, tumor PD-L1 <1%), there were 4/14 PR (29%; 2 confirmed and 2 un-
confirmed) and 9 SD (64%). Two of 16 post-checkpoint-inhibitor UC pa-
tients achieved a PR and unconfirmed CR, respectively.
Conclusions
The enoblituzumab+pembrolizumab combination demonstrated an ac-
ceptable safety profile, encouraging initial antitumor activity in patients
with checkpoint-inhibitor-naïve SCCHN, and the ability to induce partial re-
sponses in patients anticipated to be poorly responsive to checkpoint in-
hibitor alone.
Trial Registration
NCT02475213
Ethics Approval
This study was approved by each Institution's Ethics Board prior to
enrolling.
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Background
TIGIT (T-cell immunoreceptor with Ig and ITIM domains) is an immu-
nomodulatory receptor that functions as a negative immune check-
point. In preclinical models, TIGIT inhibition provided antitumor
activity, with an enhanced effect observed when combined with PD-
1 inhibition. MK-7684 is a humanized, IgG1 monoclonal antibody that
binds TIGIT and blocks its interaction with its ligands, CD112 and
CD155. We present the dose escalation portion of the first-in-human
study of MK-7684 as monotherapy or in combination with pembroli-
zumab in patients with advanced solid tumors.
Methods
Eligible patients had metastatic solid tumors that failed standard
treatment options, measurable disease, and ECOG PS 0-1. MK-7684
dose escalation followed a modified toxicity probability interval de-
sign with a target DLT rate during cycle 1 of ~30% and planned
doses of 2.1, 7, 21, 70, and 210 mg Q3W. MK-7684 and pembrolizu-
mab 200 mg Q3W were given for up to 35 cycles or until progres-
sion, intolerable toxicity, or investigator or patient decision. Study
objectives included evaluation of safety and tolerability, pharmaco-
kinetics, and ORR of MK-7684 monotherapy and MK-7684 plus pem-
brolizumab. Data cutoff date was July 16, 2018.
Results
68 patients were treated. 34 patients received MK-7684 monother-
apy; median age was 67.5 years, 50% had ECOG PS 1, and 50% re-
ceived ≥3 prior therapies. 34 patients received MK-7684 plus
pembrolizumab; median age was 62.5 years, 65% had ECOG PS 1,
and 32% received ≥3 prior therapies. There were no DLTs. Across
doses, treatment-related AEs occurred in 53% of monotherapy and
65% of combination therapy recipients (grade 3-5, 6% and 12%); no
patients died or discontinued because of treatment-related AEs. The
most common treatment-related AEs were fatigue (15%) and pruritus
(12%) with MK-7684 and pruritus (21%) and rash (15%) with MK-7684
plus pembrolizumab. The pharmacokinetic profile of MK-7684 was
generally consistent with that of a typical monoclonal antibody. Ex-
posure increased with increasing dose, and target-mediated drug dis-
position was observed at low doses. Clearance was linear at a dose
of 210 mg. ORR (confirmed+unconfirmed) was 3% with monotherapy
(1 PR) and 18% with combination therapy (6 PRs). DCR was 35% and
48%, respectively.
Conclusions
MK-7684 as monotherapy and in combination with pembrolizumab
200 mg Q3W was well tolerated and had an acceptable safety profile
across all dose levels. Promising antitumor activity was seen, espe-
cially for the combination. Dose confirmation and evaluation of effi-
cacy for monotherapy and combination therapy is ongoing in
patients with select advanced solid tumors.
Trial Registration
ClinicalTrials.gov, NCT02964013
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Background
LAG-3 (lymphocyte-activation gene 3) is an immunomodulatory re-
ceptor that regulates Teff homeostasis, proliferation, and activation
and has a role in Treg suppressor activity. Preclinical data suggest that
dual LAG-3/PD-1 blockade synergistically reverses tumor-specific an-
ergy. MK-4280 is a humanized, IgG4, anti–LAG-3 monoclonal
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antibody that prevents LAG-3 from binding its ligand, MHC class II.
We present dose-escalation results of the first-in-human study of MK-
4280 as monotherapy or in combination with pembrolizumab for pa-
tients with advanced solid tumors.
Methods
Adults with metastatic solid tumors without clinically effective treat-
ment, measurable disease, and ECOG PS of 0-1 were eligible. Dose
finding for monotherapy and combination therapy followed standard
3+3 dose escalation using MK-4280 doses of 7, 21, 70, 210, and 700
mg Q3W. MK-4280 and pembrolizumab 200 mg Q3W were given for
35 cycles or until progression, intolerable toxicity, or investigator or
patient decision. The DLT evaluation period was cycle 1. Study objec-
tives included evaluation of the safety and tolerability, pharmacokin-
etics, and ORR of MK-4280 as monotherapy and in combination with
pembrolizumab. Data cutoff date was June 12, 2018.
Results
18 patients received MK-4280 monotherapy; 15 received MK-4280
plus pembrolizumab. Median age was 60 years, 67% of patients had
ECOG PS 1, and 48% received ≥3 prior therapies. MK-4280 dose es-
calation proceeded to 700 mg Q3W for both monotherapy and com-
bination therapy without any DLTs. Treatment-related AEs occurred
in 61% of monotherapy and 53% of combination therapy recipients,
were of grade 3-4 toxicity in 6% and 20%, and led to discontinuation
in 6% and 13%. There were no treatment-related deaths. Treatment-
related AEs that occurred in ≥10% of patients were fatigue (17%)
and arthralgia (11%) for monotherapy and fatigue (20%), pyrexia
(20%), pruritus (13%), and maculopapular rash (13%) for combination
therapy. The pharmacokinetic profile was generally consistent with
that of a typical monoclonal antibody. Exposure increased with in-
creasing dose, and target-mediated drug disposition was observed at
low doses. Clearance was linear at doses of 210 mg and 700 mg.
ORR was 6% with monotherapy (1 PR) and 27% with combination
therapy (4 PRs). DCR was 17% and 40%, respectively.
Conclusions
MK-4280 as monotherapy and in combination with pembrolizumab
was well tolerated and had an acceptable safety profile across all
dose levels. Promising antitumor activity was observed, particularly
for the combination. Dose confirmation and efficacy evaluation of
MK-4280 alone and in combination with pembrolizumab is ongoing
in patients with select advanced solid tumors.
Trial Registration
ClinicalTrials.gov, NCT02720068
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Background
Mocetinostat, a spectrum-selective class I histone deacetylase inhibitor,
has multiple potential immunomodulatory features including: 1) induc-
tion of major histocompatibility complex Class I and Class II expression
on tumor cells, 2) enhanced function of T effector cells, and 3)
decreased function of immunosuppressive cell subsets including regu-
latory T cells and myeloid derived suppressor cells. Given these pleio-
tropic immune activating effects, the combination of mocetinostat and
the PD-L1 blocking mAb durvalumab was tested in NSCLC patients
(pts) with checkpoint inhibitor therapy (CIT) naïve disease or had pro-
gressive disease after prior CIT.
Methods
Phase 1 of the study explored increased doses of mocetinostat ad-
ministered orally (50, 70, 90 mg three times weekly [TIW]) in combin-
ation with durvalumab in patients with advanced solid tumors.
Review of all safety data supported a recommended Phase 2 dose of
mocetinostat 70 mg TIW with durvalumab (1500 mg) on day 1 of
each 28-day cycle. Study objectives include evaluation of safety and
Objective Response Rate (ORR) in pts with NSCLC who have progres-
sion of disease (PD) on or after treatment with CIT or are CIT-naïve.
Two CIT-experienced cohorts enrolled pts based on prior clinical
benefit with CIT. A predictive probability design is used for assess-
ment of enrollment expansion in each stage and treatment arm.
Other objectives include tolerability, pharmacokinetics, incidence of
anti-drug antibody and multiple correlative endpoints.
Results
Enrollment in Stage 1 of the CIT-experienced cohorts is complete. As
of July 13, 2018, 37 patients who received at least one dose of moce-
tinostat and durvalumab were included in the assessment. Six of the
37 pts achieved a partial response (PR); 4 confirmed and 2 uncon-
firmed (2/24 PRs in Prior Clinical Benefit; 2 PRs/2 uPRs/13 in No Prior
Clinical Benefit cohorts, respectively) and 11/37 pts demonstrated
tumor reductions; with the longest treatment duration exceeding 55
weeks. Treatment-related AEs (>10% of pts; all grades) included fa-
tigue, nausea, diarrhea, vomiting, and decreased appetite. Updated
safety, efficacy, and correlative science data will be presented.
Conclusions
Based on preliminary data, the combination of mocetinostat with
durvalumab is clinically active with manageable side effects.
Trial Registration
Clinical Trial Information: NCT02805660
Ethics Approval
This study was approved by Copernicus Group Independent Review
Board; approval tracking PRA0-16-027.
Co-Stimulatory Ligand-Receptor Interactions
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Background
Eftilagimod alpha (efti, IMP321) is a recombinant soluble LAG-3Ig fu-
sion protein binding to MHC class II molecules and mediating anti-
gen presenting cell (APC) activation followed by CD8 T-cell
activation. The activation of the dendritic cell network and the subse-
quent T cell recruitment at the tumor site with efti may lead to stron-
ger anti-tumor CD8 T cell responses. Combining an APC activator
with an immune checkpoint inhibitor (ICI) aims to increase efficacy
without additional toxicity. We report results of the dose escalation
phase I trial (NCT02676869) with pembrolizumab and efti.
Methods
Melanoma patients (pts) on pembrolizumab (2 mg/kg i.v.) with pro-
gressive disease (irPD), stable disease (irSD) or partial response (irPR)
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acc. to irRC after 3 cycles received 1 mg (n=6), 6 mg (n=6) or 30 mg
(n=6) s.c. injections of efti (every 2 weeks for 6 months) from cycle 5
of pembrolizumab onwards. Blood samples for pharmacokinetics
were taken in cycle 1 and 9.
Results
In stage A, 18 pts (17 male, 1 female) with a median age of 66 years
(range 48-85) were enrolled. Fifteen (83 %) and seven (39 %) pts had
stage M1C disease and elevated LDH, respectively. Seven (39 %) pts
completed the 6 months combination treatment. Reasons for discon-
tinuation were irPD (n=7), withdrew consent (n=2) and death not re-
lated to efti or pembrolizumab (n2). The most common AEs were
fatigue (44 %), rash (33 %), diarrhea (28 %), nausea (28 %), arthralgia
(17 %) and colitis (11 %). One patient experienced intracranial
hemorrhage grade 4, another had a colitis grade 4, both not related
to efti or pembrolizumab. No dose limiting toxicity has been re-
ported. A dose-dependent increase in serum IMP321 concentration
was observed among the three dose levels with a Cmax between 4
and 24 hours. Objective response rate (ORR) taking cycle 5 of pem-
brolizumab as baseline was 33 % (irRC) including one patient with a
confirmed irCR after progress on pembrolizumab monotherapy.
Conclusions
Up to 30 mg efti in combination with pembrolizumab are safe and
well tolerated. The responses observed in pts with suboptimal re-
sponse to pembrolizumab alone may point to a benefit of adding a
systemic APC activator to an ICI.
Trial Registration
NCT02676869
Ethics Approval
The study was approved by Metro South Human Research Ethics
Commitee (Australia), approval number HREC/15/QPAH/726
Consent
Written informed consent was obtained from the patient for publica-
tion of this abstract and any accompanying images. A copy of the
written consent is available for review by the Editor of this journal.
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Background
Glucocorticoid-induced TNFR-related protein (GITR, TNFRSF18,
CD357), a TNFR-SF member, is a co-stimulatory receptor that in-
creases anti-tumor T cell activation. Based on Apogenix hexavalent
TNFR-SF agonist (HERA-ligand) technology platform, we created a
fully human hexavalent GITR ligand fusion protein HERA-GITRL
intended for T cell costimulatory approaches in immuno-oncology
(IO) therapy. HERA-GITRL is composed of a trivalent single chain
GITRL-receptor-binding-domain fused to an IgG1-derived silenced Fc-
domain serving as dimerization scaffold. Because of the unique de-
sign of the silenced Fc-domain, HERA-GITRL allows the study of pure
GITR agonism in contrast to Fc-mediated mixed modes of action.
Here we report in vitro and in vivo properties of our novel HERA-
GITRL construct.
Methods
N/A
Results
For functional characterization of HERA-GITRL in vitro, human im-
mune cells isolated from healthy-donor blood were profiled by multi-
color flow cytometry and real-time cell analysis (RTCA). Stimulation of
unfractionated human T cells or purified naïve CD4+ T cells by anti-
CD3 antibody was further augmented by HERA-GITRL. This effect was
accompanied by increased proliferation, differentiation and elevated
levels of TNF-α and IFN-γ. HERA-GITRL enables effector T cells prolif-
eration even in the presence of regulatory T cells. In line with these
findings, the murine surrogate mmHERA-GITRL enhanced antigen-
specific clonal expansion of both CD4+ (OT-II) and CD8+ (OT-I) T cells
in vivo. In a direct in vitro comparison of the anti-human GITR mono-
clonal antibody TRX518, trivalent GITRL and hexavalent HERA-GITRL,
only HERA-GITRL showed full biological activity independent of add-
itional crosslinking. Importantly, HERA-GITRL mediated T cell activa-
tion increases tumor cell killing by PBMCs in vitro. Finally, mmHERA-
GITRL showed in vivo anti-tumor efficacy as a single agent in a sub-
cutaneous syngeneic colon cancer model (CT26wt) in mice. The anti-
tumor efficacy of mmHERA-GITRL is independent of its Fc functional-
ity, as both mmHERA-GITRL with a functional Fc- and a silenced Fc-
domain show a similar tumor growth inhibition.
Conclusions
By clustering six receptor chains in a spatially well-defined manner,
HERA-GITRL induces potent agonistic activity without being
dependent on additional Fc-mediated crosslinking. The anti-tumor ef-
fect of most anti-GITR antibodies is dependent on a fully functional
Fc domain and is generally mediated by depletion of Treg cells.
HERA-GITRL boosts antigen-specific T cell activity and shows anti-
tumor efficacy while having no effect on Treg cells. This property of
HERA-GITRL makes it particularly suitable for IO-combination therap-
ies. The HERA-ligand concept has also been successfully translated to
HERA-TRAIL (now in Phase I), -CD40L, -CD27L, -OX40L, -HVEML
(LIGHT) and -4-1BBL.
Ethics Approval
The experimental protocols were registered by the regional board in
Freiburg, Germany (Regierungspräsidium Freiburg; approval number
G-15/41).
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Background
The TGF-β pathway is commonly deregulated in cancer and plays a
pivotal role during tumorigenesis. LY3200882 is a potent and select-
ive TGF-βR1 inhibitor. This multicenter, nonrandomized, open-label,
phase 1 study assessed the recommended phase 2 dose of
LY3200882 as monotherapy in patients (pts) with advanced cancers.
Methods
Pts with refractory advanced or metastatic cancer were enrolled and
were required to have adequate organ function as well as ECOG PS
of 0 or 1. LY3200882 tosylate salt (hereafter referred to as
LY3200882) was given twice daily (BID) to 5 cohorts of patients at in-
creasing doses (5 to 50 mg) for 14 days in a 28 day cycle. Primary
endpoint was to determine the recommended phase 2 dose. Sec-
ondary objectives included safety, response assessments and
pharmacokinetics (PK), and exploratory objectives included pharma-
codynamics (PD).
Results
30 pts were enrolled (19 males and 11 females); median age 47 y (32
y-74 y). The most common tumors were gliomas (15 pts), of which 5
were glioblastomas. No dose-limiting toxicities were observed. All
treatment-related adverse events were grade 1-2 and most fre-
quently included thrombocytopenia (2 pts), acneiform dermatitis (2
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pts), rash (2 pts, 1 maculopapular rash and 1 pustular rash), and con-
stipation (2 pts). LY3200882 was absorbed within 2-6 hours (h) and
mostly eliminated within 48 h, with mean terminal half-life of 7.4 h
(n=15). Drug exposures increased with escalating dose levels, up to
the highest planned dose in the targeted therapeutic range of 50
mg BID. Plasma exposures in patients receiving the 50 mg BID dose
were comparable to efficacious exposure levels from preclinical
in vivo target inhibition and efficacy models. Detailed PD biomarker
studies are ongoing and data will be presented. A confirmed partial
response per Response Assessment in Neuro-Oncology (RANO) of a
85.7% decrease was observed in a glioblastoma pt (EGFR mutation;
CDK4 amplification; IDH1/2 wildtype, MGMT methylated) treated at 50
mg BID who remains on LY3200882 for >11 months. Tumor regres-
sion (1.3%-85.7%) was observed in 5 pts (oligoastrocytoma, glioma (2
pts), astrocytoma, and glioblastoma).
Conclusions
LY3200882 monotherapy is well tolerated, with appropriate plasma
exposures observed at the recommended phase 2 dose of 50 mg
BID for 14 days in 28 days cycle, where preliminary antitumor activity
has been observed. An expansion cohort assessing pts with glioblast-
oma is ongoing.
Trial Registration
ClinicalTrials.gov NCT02937272
Ethics Approval
MD Anderson Office of Protocol Review IRB approved protocol num-
ber 2016-0582 on 25-Aug-2016; Gustave Roussy Ethic Committee
(Comite de Protection des Personnes Ile de France 3) approved
protocol on 15-Nov-2016 and Competent Authority (Agence Natio-
nale de Sécurité des Médicaments et de produits de santé) approved
on 27-Oct-2016; VHIO Ethic Committee (Dictamen del comite de
etica de la investigacion con medicamentos) approved protocol on
30-Sep-2016 and Competent Authority (Agencia espanola de medica-
mentos y productos sanitarios) approved on 03-Nov-2016; the
EudraCT number 2016-001431-12 is the file number indicated on all
approvals in Europe
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Background
The IRX-2 biologic is a subcutaneous injectable immunotherapy com-
posed of IL-2 and other cytokines derived from stimulated lympho-
cytes. Preclinically, IRX-2 activates T cells, natural killer cells,
macrophages, and dendritic cells, and facilitates maturation of antigen-
presenting cells. Tumor-infiltrating lymphocytes (TILs) are associated
with improved outcomes in many cancers including early stage breast
cancer (ESBC) and head and neck squamous cell carcinoma (HNSCC).
We report data on TIL recruitment associated with pre-operative IRX-2
in a phase Ib ESBC trial, as well as phase Ib and IIa HNSCC trials.
Methods
The pre-operative IRX-2 regimen was evaluated in both ESBC and
HNSCC trials for safety and immunologic activity. Beginning 21 days
prior to surgical resection, enrolled operable patients with resectable
stage I-III ESBC and stage II-IVA HNSCC received single low-dose
intravenous cyclophosphamide (300 mg/m2 to facilitate T-regulatory
cell depletion), followed by 10 days of subcutaneous injections of
IRX-2 (1mL × 2 directed to regional peri-lymphatic space, 230IU/day).
Endpoints included feasibility, TIL count by H&E blinded pathology
review, and Nanostring RNA analysis.
Results
In the ESBC trial, 16 patients were enrolled and evaluable for TIL ana-
lysis, whereas in the HNSCC trials, 40 patients were enrolled and 36
patients were evaluable. In both trials, all patients received all
planned injections with no treatment-related surgical delays, compli-
cations, or treatment-related grade III/IV toxicities. Treatment was as-
sociated with a mean 116% relative increase in TILs (range –36% to
+1275%, p = 0.02) in ESBC and a mean 58% relative increase (range
-57 to +452%, p=0.01) in HNSCC. Treatment was associated with PD-
L1 RNA upregulation in EBSC (mean +54%, range –53% to +185%,
p=0.04) but not HNSCC, however PD-L1 was higher at baseline in
HNSCC. RNA analysis in ESBC and HNSCC revealed concordant in-
creases in cytokine gene expression, including CXCL2, CCL4, CXCR4,
and CXCL12 as well as transcription factors including FOS, ETS1,
NFKB, EGR1/2 which are involved in T-cell activation and differenti-
ation. We also note augmentation of ITGAE (CD103), a known marker
of memory T-cell activation in EBSC cohort.
Conclusions
Pre-operative IRX-2 was well tolerated in both tumor histologies with
statistically significant TIL recruitment, as well as PD-L1 upregulation in
ESBC. Future directions include an evaluation of neoadjuvant IRX-2 with
anti-PD-1 and chemotherapy in stage II-III TNBC, ongoing follow-up of a
randomized phase IIb trial of neoadjuvant IRX-2 regimen in HNSCC to
ascertain clinical benefit, and trials evaluating efficacy of IRX-2/anti-PD-
1 combination across various metastatic cancers.
Trial Registration
NCT02950259, NCT02609386
Ethics Approval
The study was approved by Providence Portland Medical Canter Insti-
tutution‘s Ethics Board, approval number 132055.
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Background
Decades before the advent of immune checkpoint inhibitors (ICIs), re-
combinant cytokine treatments established that the immunothera-
peutic paradigm could produce durable cures in patients [1]. From
single-cell RNA expression analyses of tumor-infiltrating lymphocytes
[2], we found that the Interleukin-18 (IL-18) pathway is markedly up-
regulated in activated and dysfunctional CD8 T cells, suggesting its
promise as an immunotherapeutic target. However, previous clinical
trials found that IL-18 therapy is ineffective, with no objective re-
sponses seen in a phase 2 study of melanoma patients [3]. We hy-
pothesized that the endogenous, high-affinity IL-18 antagonist, IL-
18BP, acts as a “soluble immune checkpoint” that restricts the effect-
iveness of IL-18 immunotherapy.
Methods
Using directed evolution with yeast-surface display, we engineered a
“decoy-resistant” IL-18 variant (DR-18) that is impervious to
neutralization by IL-18BP. We measured DR-18’s affinity for IL-
18Ralpha and IL-18BP using surface plasmon resonance and its abil-
ity to stimulate downstream signaling with phosphoflow cytometry
of primary lymphocytes. We assessed the anti-tumor efficacy of DR-
18 in immunogenic tumor models and ICI-resistant models that lack
MHC class I surface expression.
Results
DR-18 exhibits >10,000,000-fold reduced affinity for IL-18BP compared
to WT IL-18 and can potently elicit MyD88 signaling despite concentra-
tions of IL-18BP sufficient to completely neutralize WT IL-18. Similar to
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the clinical experience with recombinant IL-18, WT IL-18 produced no
benefit alone or in combination with anti-PD-1 in the treatment of
MC38, YUMMER1.7, or CT26 tumors. By contrast, DR-18 produced
monotherapeutic efficacy commensurate with anti-PD-1, with robust
synergism observed in combination therapy. Antibody-mediated deple-
tion studies indicated that DR-18’s efficacy in these models required
CD8 and CD4 cells, but not NK cells. To determine whether DR-18 was
effective in the setting of ICI-resistance, we utilized three tumor models
with impaired MHC class I surface expression (RMA/S and Beta-2
microglobulin-deficient MC38 and YUMMER1.7). In these models, DR-18
treatment exhibited strong NK-cell dependent efficacy, whereas no re-
sponse was observed with combined blockade of CTLA4 and PD-1.
Conclusions
We established that IL-18BP is the key barrier to IL-18 immuno-
therapy using an engineered cytokine variant, DR-18, that is im-
pervious to the decoy receptor. DR-18 is a promising candidate
immunotherapeutic that can augment conventional ICIs and treat
ICI-refractory tumors that have lost antigen presentation through
MHC class I, one of the most common mechanisms of ICI resist-
ance [4]. These results highlight the IL-18 pathway as a powerful
target for immunotherapeutic intervention and establish the value
of precisely-engineered protein therapeutics to dissect complex
immunoregulatory pathways.
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Background
Regulatory T cells (Tregs), while contributing to the maintenance of self-
tolerance, are a barrier to effective cancer immunotherapy [1]. Previous
studies have shown that tumor-infiltrating (TIL) Tregs substantially up-
regulate the expression of inhibitory cytokines, such as IL10 [2] and IL35
[3]. Although we have reported that IL35+ Tregs support tumor growth
by promoting inhibitory receptor (IR) expression in CD8+ TILs [3], the
underlying mechanism of IL35-mediated IR-upregulation and whether
and how IL35+ Tregs and IL10+ Tregs cooperatively regulate anti-tumor
immunity remain elusive. Improving our understanding of Treg functions
in the tumor microenvironment (TME) will help us identify new targets
and develop novel immunotherapy with greater efficacy.
Methods
To address the question, we generated Ebi3tdTomato.Il10GFP.-
Foxp3Cre-YFP reporter mice to assess whether there are phenotypic,
functional, and transcriptomic differences between Treg subpopula-
tions. We also utilized Foxp3Cre-YFP, Ebi3L/L-tdTom.Foxp3Cre-YFP,
Il10L/L.Foxp3Cre-YFP, and Ebi3L/L.tdTom.Il10L/L.Foxp3Cre-YFP condi-
tional knockout mice to examine the impact of inhibitory cytokine-
deficient Tregs on CD8+ TILs via multi-parameter flow cytometry and
global transcriptomic analyses.
Results
IL10 and IL35 were reciprocally expressed by Tregs, while inhibitory
cytokine-producing Tregs were significantly enriched in the TME. How-
ever, single cell RNAseq analysis and a significant clonal overlap among
TIL Tregs demonstrated by TCRseq revealed Tregs in transitional-states
between IL10+, IL35+, and IL10+IL35+ Treg populations. Our observa-
tions suggest a strong developmental relationship between IL10+ and
IL35+ Tregs.Interestingly, despite the distinct signaling pathways uti-
lized by IL10 and IL35 receptors, both IL10- and IL35-deficient Treg
mice presented a similar reduction of IR expression on CD8+ TILs and
tumor growth, while double-deficient Treg mice did not show a not-
able additive phenotype. Our subsequent analyses demonstrated that
Blimp1 is a common target of IL10 and IL35 signaling in CD8+ T cells,
and its expression was significantly downregulated in CD8+ TILs from
all the cytokine-deficient Treg mice.
Conclusions
Blimp1 has been reported as one of the key transcription factors that
drive exhaustion of CD8+ T cells [4], but upstream external stimuli in
the TME that trigger Blimp1 activities have not been fully under-
stood. Here, we report the direct link between Treg-derived inhibi-
tory cytokines, IL10 and IL35, and Blimp1-mediated CD8+ T cell
exhaustion. These observations suggest that inflammatory cues in
the TME induce the plasticity of IL10 and IL35 expression in Tregs
that may further differentiate into functionally distinct subtypes of ef-
fector Tregs to cooperatively modulate the balance between
exhausted and memory CD8+ TIL compartments.
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Background
IL-12 is an important regulator of cell-mediated immunity. Though anti-
tumor activity of IL-12 has been demonstrated in mouse tumor models,
its clinical application was limited by systemic toxicity. Previously, we
developed an IL-12 vector with a promoter containing binding motifs
for Nuclear Factor of Activated T cell (NFAT-IL12) to secret IL-12 upon T
cell activation. In a phase I/II clinical study using autologous tumor infil-
trating lymphocytes (TIL) engineered with NFAT-IL12 in patients with
metastatic melanoma, 62.5% of patients receiving a dose above 3X108
NFAT-IL12 TILs exhibited objective responses. However, increasing cell
doses resulted in high serum levels of IL-12 and IFNg and clinical toxic-
ities, including fever, liver dysfunction and hemodynamic instability.
Therefore, a safer delivery of IL-12 is needed
Methods
To avoid detrimental toxicity of secreted IL-12, we designed a next-
generation retroviral vector in which IL-12 is anchored on the cell
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surface by B7 transmembrane domain and cytoplasmic tail (LTR-
mIL12.mB7). This vector was evaluated in two different murine tumor
treatment models. The Pmel or OTI-T cells were transduced with
membrane-anchored IL12 (LTR-mIL12.mB7) or secreting IL-12 (NFAT.-
mIL12) and were used to treat mice bearing B16 melanoma or B16-
OVA melanoma. To further guide IL-12 expression at the tumor sites,
we constructed NFAT inducible membrane-anchored IL12 vectors
(NFAT-mIL12.mB7 and NFAT-hIL12.hB7). The treatment efficacy and
safety profile of these vectors were evaluated in vitro and in vivo.
Results
Our results showed that T cells engineered with LTR-mIL12.mB7
could effectively control tumor burden, and importantly with an im-
proved safety profile compared with T secreting IL-12. No IL-12 was
detected in the serum and no body weight loss was observed from
mice who were treated with membrane-anchored IL-12 T cells. In
contrast, a transient body weight loss and increase serum level of IL-
12 and IFNg were found in mice receiving T cells secreting IL-12. Fur-
thermore, T cells modified with inducible membrane-anchored IL-12
vector could efficiently express IL-12 on cell surface with minimal IL-
12 secretion upon T cell activation. Adoptive transfer of OT-I T cells
modified by NFAT-mIL12.mB7 significantly enhanced tumor regres-
sion in a dose dependent manner without toxicity. In an NSG mice
bearing human HPV positive epithelia tumor, T cells co-expression
HPV16-E7 TCR and NFAT-hIL12.hB7 improved treatment efficacy
without detection of IL-12 in serum.
Conclusions
Taken together, the results support a clinical application of this novel
IL-12 vector for cell-based immunotherapy with controlled toxicity
Immunosuppressive Cells in the Tumor
Microenvironment
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Background
Tumor orchestrated metabolic changes in the microenvironment
limit generation of anti-tumor immune responses. Availability of ar-
ginine, a semi-essential amino acid, is critical for lymphocyte prolifer-
ation and function. Levels of arginine are regulated by the enzymes
arginase 1,2 and nitric oxide synthase (NOS). However, the role of ar-
ginase activity in lung tumor maintenance has not been investigated
in clinically relevant orthotopic tumor models.
Methods
RNA sequencing (RNA-seq) of sorted cell populations from mouse
lung adenocarcinomas derived from immunocompetent genetically
engineered mouse models (GEMM)s was performed. To complement
mouse studies, a patient tissue microarray consisting of 150 lung
adenocarcinomas, 103 squamous, and 54 matched normal tissue
were stained for arginase, CD3, and Cd66b by multiplex immunohis-
tochemistry. Efficacy of a novel arginase inhibitor compound 9 in re-
versing arginase mediated T cell suppression was determined in
splenocyte ex vivo assays. Additionally, the anti-tumor activity of this
compound was determined in vitro and in an autochthonous im-
munocompetent KrasG12D GEMM of lung adenocarcinoma model.
Results
Analysis of RNA-seq of sorted myeloid cells suggested that arginase
expression is elevated in myeloid cells in the tumor as compared to
the normal lung tissue. Accordingly, in the patient samples arginase
1 expression was mainly localized in the granulocytic myeloid cells
and significantly elevated in both lung adenocarcinoma and squa-
mous tumors as compared to the controls. Our ex vivo analysis dem-
onstrated that myeloid derived suppressor cell (MDSC)s cause T cell
suppression by arginine depletion, and suppression of arginase activ-
ity by a novel Arg1/2 inhibitor, compound 9, led to restoration of T
cell function by increasing arginine. Treatment of KrasG12D GEMM of
lung cancer model with compound 9 led to a significant tumor re-
gression associated with increased T cell number and function, while
it had no activity across several murine and human non-small cell
(NSCLC) lung cancer lines in vitro.
Conclusions
We show that arginase expression is elevated in mouse and patient
lung tumors. In a KRASG12D GEMM arginase inhibition diminished
growth of established tumors. Our data suggest arginase as an im-
munomodulatory target that should further be investigated in lung
or other tumors with high arginase activity.
Ethics Approval
Human tissue specimen investigations were performed after approval by
an institutional review board at University of North Carolina Chapel Hill
(IRB # 14-1755). Written informed consent was obtained from all patients.
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Background
Regulatory T cells (Tregs) maintain peripheral tolerance;[1] however,
in cancer, Tregs dampen anti-tumor immunity, contributing to dis-
ease progression.[2,3] Neuropilin-1 (NRP1) is required for intratumoral
Treg stability as Treg-specific knockout of NRP1 leads to reduced
tumor growth.[4]Genome-wide transcriptional analyses in mice re-
vealed that intratumoral NRP1-deficient Foxp3+ Tregs develop an ef-
fector phenotype, characterized by interferon-gamma (IFNγ)
production and decreased suppression of conventional T cells.[5]
Whereas NRP1 is constitutively expressed on mouse Tregs, expres-
sion on human Tregs is activation-driven and thus may be modu-
lated by immune processes. Furthermore, NRP1’s role in maintaining
human Treg stability amidst proinflammatory signals is not known.
We hypothesize that (1) surface NRP1 expression marks highly sup-
pressive human Tregs, (2) NRP1 expression is driven by proinflamma-
tory signals in the tumor microenvironment, and (3) NRP1 binding to
its cognate ligand, Semaphorin 4A, is required for maximal suppres-
sive function.
Methods
Phenotypic profiling of peripheral blood (PBL) and tumor infiltrating
lymphocytes (TILs) from head and neck squamous cell carcinoma
(HNSCC), melanoma, non-small cell lung, ovarian, and colorectal can-
cer patients was conducted by flow cytometry. Treg function was
evaluated in vitro by a micro-scale suppression assay, which mea-
sures the ability of Tregs to suppress CD8+ T cell proliferation. Paired
with our phenotyping, we cultured Tregs under various stimulatory
conditions to query drivers of NRP1 expression. These included nu-
merous cytokine conditions, T cell receptor stimulation, co-culture
with antigen presenting cells, as well as blockade of specific costimu-
lation/inhibitory receptors.
Results
NRP1+ Tregs are greatly enriched in cancer patient PBL and TIL
across numerous malignancies, and high NRP1 expression on intratu-
moral Tregs negatively correlates with disease-free survival in HNSCC.
NRP1+ Tregs upregulate several inhibitory receptors commonly
found on Tregs, including TIGIT, ICOS, and TNFR2, as well as markers
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of proliferation and survival. NRP1+ Tregs also suppressed cytotoxic T
cell proliferation to a greater degree than their NRP1- counterparts.
NRP1+ Tregs were enriched in vitro in low interleukin-2 (IL-2) condi-
tions as well as upon T cell activation. Proinflammatory cytokines,
such as IFNγ, also drove increased NRP1 expression in a subset of
cancer patient samples.
Conclusions
NRP1+ Tregs constitute a more suppressive human Treg subset based
on their enhanced regulatory phenotype and function. Given the in-
creased expression of proliferation and survival markers, especially
under destabilizing conditions, NRP1 confers a survival advantage to
these Tregs, allowing them to persist and function amidst such signals.
Therefore, destabilizing intratumoral Tregs with NRP1 blockade may
compliment other T cell therapies such as anti-PD1 blockade.
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Background
Cancer therapy has been revolutionized by the recent developments
of immune-checkpoint inhibitors to harness the power of the im-
mune system in fighting cancer. However, the majority of patients
fail to have durable responses or become resistant to immuno-
oncology drugs, highlighting the need to identify new mechanisms
of immune evasion in cancer and to develop new therapeutic modal-
ities. Recently, the glyco-immune checkpoint axis (sialoglycan/Siglec
pathway) has emerged as a novel mechanism of immune regulation
involving both innate and adaptive immunity and an important
mechanism of cancer immune escape. Upon ligation of sialylated gly-
cans to ITIM-containing Siglecs on immune cells, this pathway plays
a previously unrecognized role in regulating functions of NK cell,
macrophages, dendritic cells, monocytes and T-cells in the tumor
microenvironment. It suppresses multiple facets of anti-cancer im-
munity, including cancer antigen release, cancer antigen presenta-
tion, priming and activation of anti-cancer T-cell immunity, which
may represent a novel mechanism of resistance to current
immunotherapy.
Methods
Here, we described a novel therapeutic modality, a multi-functional
antibody-like molecule named EAGLE (Enzyme-Antibody Glyco-
Ligand Editing), to inhibit the glyco-immune checkpoint axis in the
tumor microenvironment by selectively removing the terminal sialic
acids of sialoglycans on tumor cells.
Results
We demonstrated that EAGLE decreased sialic acid levels on tumor cells
and led to increased immune cell infiltration and activation in vivo in
syngeneic mouse tumor models. EAGLE treatment achieved 50%
complete regressions in well-established tumor models as a monother-
apy with no reductions in body weight, and remarkably 100% cures in
combination with anti-PD1 mAb. Furthermore, re-challenge experi-
ments in cured mice from the EAGLE monotherapy treatment group re-
sulted in a complete rejection of tumor cells, demonstrating that
EAGLE induced anti-tumor immunological memory.
Conclusions
In summary, we demonstrated EAGLE as a novel and promising im-
munomodulatory therapeutic modality and the great potential of
inhibiting the glyco-immune checkpoints for overcoming resistance
to current immunotherapies.
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Background
Immunotherapy for cancer has revolutionized clinical practice and
enabled cures for previously lethal cancers. However, the clinical re-
sponses are variable and highly influenced by immune regulatory
compartments in the tumor microenvironment (TME). These include,
Myeloid-derived suppressor cells (MDSC), and Tumor-associated mac-
rophages (TAMs). We have previously shown that antibodies target-
ing scavenger receptors (SR) expressed on TAMs, reduces tumor
growth and metastasis in murine melanoma and breast cancer
models. Thus, we hypothesized that targeting these receptors will re-
model the suppressive environment and relive the anti-tumor re-
sponses to increase the efficacy of immunotherapy.
Methods
To test our hypothesis, analysis of SR gene expression data from the
Human Protein Atlas (HPA) project was performed investigating pan-
creatic tumors (n=176), as these consist of up to 80% stroma, com-
pared with healthy pancreatic tissues (n=171). In vitro, we first
cytokine-polarized macrophages from healthy blood donors towards
M1 anti-tumor and M2 pro-tumor phenotype. Alternatively, macro-
phages were cultured with tumor cell lines under hypoxia and nor-
moxia conditions. M1, M2, or tumor-conditioned macrophages were
co-cultured with cytotoxic cells to mimic their interaction in the TME.
Later, macrophages were treated with anti-SR Abs and their pheno-
type, metabolism, and cytokine profile were examined prior and fol-
lowing interaction with immune effector cells. Subsequently, T and
NK cell activation was measured by cytokine production, prolifera-
tion, degranulation, and capacity to kill tumor cells.
Results
We found a 30-fold increase in SR expression in pancreatic tumors
compared to healthy tissues. Also, a significant (p=0.03) correlation
between high expression and decreased survival was noted in pan-
creatic cancer patients. Furthermore, pancreatic cancer cell lines in-
duced SR expression on macrophages and dedifferentiated them
towards MDSC. This effect was amplified by hypoxic condition. Not-
ably, SR+ MDSC in contrast to control monocytes and M1-
macrophages, suppressed cytotoxic cell anti-tumor activities, which
was reversed by treatment with anti-SR Abs. In addition, targeting
M2-macrophages with anti-SR Abs, abolished their anti-inflammatory
phenotype and normalized their metabolism towards M1.
Conclusions
Our findings demonstrate a novel approach to specifically target M2-
like TAMs and MDSC for treatment of pancreatic cancer.
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Background
Lack of immune cell infiltration is the main mechanism of primary re-
sistance to PD-1 blockade therapies for cancer.
Methods
Here, we performed a transcriptomic analysis of metastatic melan-
oma biopsies taken from patients treated with anti-PD-1 (n= 41) with
biopsies pre- (n=27) and during treatment (n=33), and investigated
cancer cell intrinsic mechanisms of immune evasion.
Results
We first performed RNAseq deconvolution to estimate the relative
levels of the different immune cell populations and confirmed that
on-treatment responding biopsies had increased levels of T-cells (p-
value = 1.21e-05) and dendritic cells (p-value = 1.9e-05) compared to
non-responding tumor biopsies. To elucidate potential mechanisms
of immune cell exclusion, we performed differential gene expression
analysis between infiltrated and non-infiltrated tumor biopsies. P21
(RAC1) Activated Kinase 4 (PAK4) was consistently enriched in tumor
biopsies with low T-cell (q-value = 2.75e-07) and dendritic cell (q-
value = 1.9e-05) infiltration and was validated using an independent
cohort of 99 metastatic melanoma biopsies treated with anti-PD-1
published by Riaz et al. Cell 2017 (q-value= 1.59e-11). PAK4 is a kin-
ase known to be involved in tumorigenesis that directly binds and
phosphorylates β-catenin to activate Wnt signaling. In our series,
PAK4 expression negatively correlated with several immune cell pop-
ulations including T-cells (pcc = -0.21, p-value = 1.04e-07) and den-
dritic cells (pcc= -0.49, p-value = 6.60e-05). Furthermore, tumor
biopsies from patients without a response to PD-1 blockade showed
increased levels of PAK4 expression (p-value = 0.004). We performed
a pan-cancer correlation analysis between PAK4 expression and T-
cell infiltration using TCGA expression data from 32 cancer types,
identifying a negative correlation in melanoma (pcc = -0.31 and p-
value= 7.4e-12), prostate cancer (pcc = -0.26 and p-value= 7.9e-09)
and pancreatic cancer (pcc = -0.41 and p-value= 1.6e-08) among 20
other cancer types with similar negative correlation. To study the
anti-tumor efficacy of PD-1 blockade in the context of PAK4 deletion,
we treated syngeneic C57BL/6 mice (n=7 each group) bearing either
B16 PAK4 KO or B16 WT tumors with anti-PD-1. We observed anti-
tumor efficacy in the B16 PAK4 KO anti-PD-1 treated group (p-value
= 0.0006) while no significant difference was found in the B16 WT
treated group (p-value = 0.11). Depletion of CD8 T-cells abrogated
the anti-tumor efficacy observed in the B16 PAK4 KO group.
Conclusions
In summary, high PAK4 expression is correlated with non-responding
tumor biopsies with low T and dendritic cell infiltration, and inhib-
ition of PAK4 overcomes resistance to PD-1 blockade in a CD8
dependent manner.
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Background
Antibodies targeting CTLA4 induce durable responses in some pa-
tients with melanoma and are being tested in a variety of human
cancers. However, a majority of patients across tumor types fail to re-
spond. Further understanding the mechanisms of action of these
therapies will enable the development of novel strategies to over-
come resistance and biomarkers to identify patients most likely to re-
spond. In murine models anti-CTLA4 efficacy depends on
interactions between the Fc region of anti-CTLA4 antibodies and Fc
receptors (FcRs). Anti-CTLA4 binding to FcRs has been linked to de-
pletion of intratumoral Tregs by myeloid cells including non-classical
monocytes. However, FcR engagement can lead to Natural Killer (NK)
cell activation and NK cells can mediate antibody-dependent cell me-
diated cytotoxicity (ADCC).
Methods
Flow cytometry was used to investigate surface CTLA4 expres-
sion on murine and patient T cell subsets, including tumor-
infiltrating lymphocytes and T cells from matched patient
blood. Using murine tumor models we assessed the effect of anti-
CTLA4 administration on intratumoral and peripheral immune cells in-
cluding NK cells. A previously published RNA-seq data set was used to
investigate intratumoral CD56 expression in cutaneous melanoma pa-
tients who benefited from Ipilimumab treatment compared to those
who did not.
Results
In agreement with previous studies, we found that in murine
models intratumoral Tregs have the highest expression of sur-
face CTLA4 (sCTLA4) and anti-CTLA4 leads to Fc/FcR-dependent
depletion of these Tregs. Similarly, analysis of T cells infiltrating
patient-derived tumor tissue showed that Tregs have the high-
est sCTLA4 expression, and intratumoral Tregs express signifi-
cantly more sCTLA4 than circulating Tregs. Interestingly,
cutaneous melanoma patients who benefited from Ipilimumab
treatment had higher intratumoral expression of the NK cell
marker CD56. Using murine tumor models, we found that anti-
CTLA4-induced Treg depletion coincided with activation and
degranulation of intratumoral NK cells.
Conclusions
Taken together, our data suggest that anti-CTLA4-induced Treg
depletion may be mediated in part by NK cells. These results
suggest new strategies to overcome resistance to anti-CTLA4
therapies.
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Background
Immunotherapeutic approaches for patients with the myelodysplastic
syndrome (MDS) have shown promise. Progress is limited by incom-
plete understanding of the immunologic milieu in MDS. We per-
formed a phase I study of vaccination against the tumor antigen NY-
ESO-1 in combination with decitabine in newly diagnosed patients
with MDS (1). Response to vaccination was associated with the pres-
ence of CD141Hi conventional dendritic cells (cDCs). This population
of cells is critical to effective anti-tumor immune responses in solid
tumors. We confirmed a deficiency of CD141Hi cDCs in MDS patients
and proceeded to identify translatable regulatory mechanisms to en-
hance their development.
Methods
We quantified DC populations in bone marrow from MDS pa-
tients (n = 61) using flow cytometry. RNA-seq analysis was used
to assess gene expression in MDS and healthy CD34+ progenitors. We
assessed CD141Hi differentiation of MDS and healthy CD34+ progeni-
tors using an in vitro differentiation model.
Results
We binarized patients into cohorts based on detectable (n = 36) ver-
sus undetectable (i.e. below the limit of detection; n = 25) CD141Hi
cDC populations. Patients with detectable numbers of CD141Hi cDCs
had longer median progression-free and overall survival compared to
patients with undetectable CD141Hi cDCs (416 versus 216 days and
650 versus 304 days respectively). The transcription factor IRF8 is a
master regulator of CD141Hi cDC differentiation. Expression of IRF8
in MDS progenitors (as measured by RNA-seq) was associated with
detectable numbers of CD141Hi cDCs. This result suggests that in-
creased IRF8 expression drives enhanced CD141Hi cDC differentiation.
We hypothesized that inhibition of lysine-specific histone demethylase
1A (LSD1), known to enhance IRF8 expression, would induce CD141Hi
cDC differentiation (2). We showed that pharmacologic LSD1 inhibition
(GSK2879552; GSK) enhances IRF8 expression in KG1 AML cells. Treat-
ment of MDS CD34+ progenitors with GSK increased the number of
CD141Hi cDCs in 2/4 patients samples compared to untreated controls
(by 2.7 and 25.7-fold increase respectively). Cultured cells maintained
MDS associated cytogenetic abnormalities (del 5q and -7), indicating
their derivation from the malignant population. LSD1 inhibition also en-
hanced differentiation of healthy CD34+ cells to CD141Hi cDCs. This ap-
proach can therefore drive differentiation of CD141Hi cDCs which can
arise from both malignant and healthy CD34+ cells.
Conclusions
These data highlight an unrecognized and potentially reversible im-
mune defect in patients with MDS. Since immunotherapeutic strat-
egies, including checkpoint inhibitors and vaccinations, require
functional CD141Hi cDCs, strategies to enhance this population are
critical for effective immune therapy for MDS patients.
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Background
Development of effective therapies for osteosarcoma, an infrequent dis-
ease that primarily affects adolescents and young adults, is a critical un-
met medical need. The rarity and heterogeneity of these cancers have
hindered research in this field. Comparative oncology studies in naturally
occurring osteosarcoma in companion dogs provide opportunities to ad-
vance development in a clinically realistic setting where the tumors re-
semble their human counterparts but where the barriers of rarity and
cost are lowered [1]. Vesicular stomatitis virus (VSV) is a rapidly replicating,
robustly immunogenic oncolytic virus platform with demonstrated cyto-
toxicity in canine osteosarcoma cell lines. VSV-IFNβ-NIS, a recombinant
oncolytic VSV, can be safely administered intravenously (IV) to reach sites
of metastatic disease and has been shown selectively replicate in and
destroy tumor cells and activate an anti-tumor immune response [2]. The
aim of this study is to evaluate neoadjuvant VSV-IFNβ-NIS therapy for
osteosarcoma using a comparative oncology approach and characterize
anti-tumor immune responses in spontaneous canine osteosarcoma.
Methods
A veterinary clinical study was initiated. Dogs with osteosarcoma are ran-
domized to receive neoadjuvant oncolytic VSV-IFNβ-NIS (109 TICD50/kg)
or placebo followed by amputation and carboplatin chemotherapy. Pre-
and post-treatment tumor biopsies and serial peripheral blood mono-
nuclear cells are obtained to assess anti-tumor immunity by histopath-
ology, RNA and DNA sequencing, and lymphocyte effector functions.
Results
To date 24 dogs have been enrolled, of 30 dogs planned. The VSV safety
profile is excellent, with mild, transient changes in body temperature
and evidence of acute cytokine responses. Preliminary analyses show
survival outcomes exceed the expectation for standard-of-care alone.
Focal tumor necrosis that is potentially treatment-related has been ob-
served in osteosarcoma lesions in resected tissue. Assessment of naïve
and treatment-associated gene cluster expression summary scores from
RNA sequencing is ongoing, as is massive parallel sequencing of
lymphocyte antigen receptors to describe clonal expansion and attrition.
Conclusions
Neoadjuvant VSV treatment is well-tolerated, and shows preliminary
evidence of biological activity and clinical efficacy. Updated results
describing anti-tumor immunity that is attributable to oncolytic VSV,
and its effects on patient outcomes will be presented. These data will
indicate if intravenous neoadjuvant VSV-IFNβ-NIS therapy improves
clinical outcomes in canine osteosarcoma and inform clinical studies
to evaluate this therapeutic approach as an addition to current
chemotherapy protocols for osteosarcoma patients.
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Background
Following the success of checkpoint blockade, activation of the co-
stimulatory Tumour Necrosis Factor Receptor (TNFR) superfamily re-
ceptors represents the next stage of cancer immunotherapy with
clinical trials underway for antibodies stimulating T cell co-
stimulatory pathways. Targeting OX40 and CD137 has the potential
to strongly activate the immune system due to their broad expres-
sion across CD4+ and CD8+ T cells and NK cells. However, FcγR-
mediated crosslinking is often required for the activity of monoclonal
antibodies, and this likely limits clinical activity, due to the inherently
low affinity of Fc:FcγR interactions, as well as due to FcγR-mediated
depletion of T cells through ADCC. FS120 is a novel, dual agonist bis-
pecific antibody that does not bind to FcγR, but instead crosslinks
OX40 and CD137 resulting in potent activation of both CD4+ and
CD8+ T cells, independent of FcγR binding.
Methods
FS120 was generated by introducing an OX40-binding specificity into
the Fc-region of a human IgG1 targeting CD137. FcγR binding was
significantly decreased using the LALA mutation. A parallel approach
was taken to generate a murine surrogate molecule to test in vivo.
Results
FS120 binds simultaneously to OX40 and CD137 with subnanomolar
affinity and has strong activity in PBMC and T cell stimulation assays.
Conventional OX40 and CD137 agonist antibodies require crosslink-
ing, e.g. via anti-Fc secondary antibodies for their activity. OX40
agonist antibodies activate CD4+ T cells, but not CD8+ T cells and
CD137 agonist antibodies activate CD8+ T cells but not CD4+ T cells.
FS120 has subnanomolar dual agonist activity on both CD4+ and
CD8+ T cells, which is independent of additional crosslinking. This ac-
tivity is dependent on concurrent binding to the two receptors. An
anti-mouse OX40/CD137 bispecific antibody showed greater anti-
tumour activity than a combination of OX40 and CD137 agonists in a
CT26 mouse tumour model, which was associated with peripheral T
cell activation and proliferation. The anti-tumour activity was inde-
pendent of T regulatory cell (Treg) depletion, as evidenced by similar
levels of tumour infiltrating Treg cells in mice treated with the anti-
mouse OX40/CD137 mAb² and isotype control. Anti-tumour activity
was also demonstrated in a B16-F10 syngeneic model.
Conclusions
An OX40/CD137-specific mAb2 can autonomously stimulate both
CD4+ and CD8+ T cells in vitro independent of FcγR binding and me-
diate potent anti-tumour activity in vivo via an FcγR-independent
mechanism of action. These data support initiation of clinical devel-
opment of FS120, a first-in-class dual agonist bispecific antibody for
the treatment of human cancer.
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Background
Adenosine plays a role in blocking the function of immune cells
through binding to the A2AR. CPI-444 is an oral A2AR antagonist that
has been evaluated in Phase 1 trials in advanced cancer.
Methods
This Phase 1b trial was conducted at 30 centers. RCC patients (pts) with
progressive disease were randomized to receive either CPI-444, 100 mg
po bid monotherapy or CPI-444 in combination with atezolizumab 840
mg IV every 2 weeks and treated until progression or unacceptable tox-
icity. Endpoints included safety, tumor response (RR), progression free
survival and overall survival (OS). Peripheral blood and tumor biopsies
were obtained at baseline and on-treatment and evaluated for lympho-
cyte subsets and gene expression of A2AR using Nanostring. A2AR sig-
naling was assessed by measurement of inhibition of pCREB.
Results
Results: 68 pts enrolled (N=33 monotherapy, N=35 combination); me-
dian prior therapies was 3 (range 1-5) including TKI, 84%; anti-PD(L)1
(IO), 72%; median time since last IO was 3.1 and 1.7 months for
monotherapy and combination, respectively. Median treatment dur-
ation was 4.6 months. CPI-444 was well-tolerated with no Gr3/4 tox-
icity in monotherapy; 7 pts had reversible Gr3 toxicity in
combination. CPI-444 blocked A2AR signaling based on inhibition of
phosphorylation of CREB in blood lymphocytes. A2AR mRNA was
measured in 31 pre-treatment RCC tumor biopsies and compared to
other cancers (36 lung; 12 bladder; 5 colon; 8 prostate, 9 melanoma
and 20 triple negative breast). RCC showed increase in A2AR expres-
sion compared to lung (p<0.01) and the other tumors (p<0.001). Ob-
jective clinical responses were observed in 8% of pts; another 21%
had reduction of tumor not meeting criteria for response. Responses
were seen in both monotherapy and combination arms and in pts
who failed prior IO agents. 40% and 58% of pts experienced disease
control (DC) for > 3 months (confirmed scans) in monotherapy and
combination, respectively, including in pts resistant to prior IO. The
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OS for both monotherapy and combination exceeded 80% at 16
months. Treatment increased CD8+ T cells in tumors in pts with
DC>6mo compared to DC<6mo (p<0.02).
Conclusions
CPI-444 is active in RCC and is associated with prolonged survival
and DC in treatment refractory pts, including those who have failed
prior IO. Prolonged DC was associated with treatment-induced in-
crease in tumor infiltrating CD8+ cells. Our results compare favorably
to those reported with atezolizumab demonstrating 1 yr OS of 81%
and RR of 15% in IO naïve RCC with median 2 prior therapies[1].
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Background
The level of tumor infiltrating lymphocytes (TIL) is a prognostic factor for
improved patient survival in triple negative and HER2-overexpressing
breast cancer (BC) subtypes. T cells are the main immune subset in BC tu-
mors with a high TIL content, TIL(hi); however the influence of the T cell
qualitative response on patient prognosis is unknown.
Methods
To address this issue, TILs were isolated from 129 primary and metastatic
BC samples, T cells were sorted and single-cell RNA sequencing (scRNA-
seq) performed to reveal the BC TIL T cell clusters present. BC TIL scRNA-
seq data was confirmed by multi-parameter flow cytometry (FACS). We
also performed bulk RNA seq on FACS-sorted T cell populations, and in-
terrogated BC TIL T cell receptor (TCR) sequences to compare the differ-
ence in TCR usage between clusters. We explored BC TIL functional
responses (cytokines, effector proteins) following co-culture with autolo-
gous BC cells. Finally we compared the clinical outcome data for triple
negative BC patients who expressed high vs low levels of the signature
clusters in BC TILs.
Results
Our study showed BC T cells were heterogeneous in sub-type and func-
tional polarization. In particular, BC TIL(hi) cases contained increased
CD8+ tumor-resident memory T (TRM) cells. These cells expressed
CD103 and high levels of immune checkpoint molecules (PD1, CTLA-4,
TIM-3, Lag-3) and T cell effector proteins (perforin and granzyme B).
Further analysis of BC TILs by multi-parameter FACS confirmed the
presence of increased CD8+ TRM in TIL(hi) BC tumors, these CD8+ TRM
also released granzyme B on co-culture with autologous BC cells. In
two primary tumors, the BC TRM had different TCR usage to TEM
suggesting these are clonally distinct populations. Using the scRNAseq
data, we developed a CD8+ TRM gene signature that was associated
with improved patient disease free survival (DFS), (n=329, log-rank
p=0.003) in early-stage triple negative breast cancers (TNBC) from the
METABRIC data set. The CD8+ TRM gene signature also stratified pa-
tients with high vs low CD8A expression for DFS (log-rank p = 0.03).
Conclusions
In conclusion, patients with BC TIL(hi) tumours have a qualitatively
different T cell response which includes CD8+ TRM differentiation.
These cells express high levels of immune checkpoint molecules, plus
T cell effector proteins suggesting they could be the key responders
to immune checkpoint inhibitor therapy. Further studies exploring
BC-associated CD8+ TRM cell development and homeostasis will be
critical for creating new opportunities for BC immunotherapy.
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Background
Neoadjuvant PD-1 blockade has recently been shown to induce
major pathologic responses (MPRs) and delay time to relapse in pa-
tients with resectable non-small cell lung cancer (NSCLC)[1]. While
the role of tumor-specific T cells in facilitating tumor regression has
been demonstrated in advanced NSCLC, it is unknown how neoadju-
vant PD-1 blockade affects the anti-tumor T cell repertoire and how
these factors correlate with clinical outcome. The neoadjuvant setting
provides a unique opportunity to evaluate T cell mobility into the
tumor and other tissues after checkpoint blockade, which is challen-
ging in studies of patients with metastatic disease.
Methods
Patients with resectable NSCLC were treated with neoadjuvant PD-1
blockade (NCT02259621). T cell receptor (TCR) sequencing was per-
formed on pre- and post-treatment tissues, bulk serial peripheral
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blood samples, and pre-treatment blood sorted for PD-1 expression.
Whole exome sequencing and neoantigen prediction was performed
on pre-treatment tumor biopsies and matched normal lung tissue.
Peripheral dynamics of intratumoral T cell clonotypes, as well as en-
richment of TCR motifs were evaluated. The associations of T cell dy-
namics and neoantigen recognition with MPRs and recurrence-free
survival were assessed.
Results
Substantial alterations in the T cell repertoire and influx of peripheral T
cell clonotypes into tumor tissue, normal lung, and lymph nodes were
observed following PD-1 treatment. Peripheral TCR responses were in-
dependent of MPR status. T cell clonality in the resected tumorpost-
treatment tissue positively correlated with pre-treatment tumor muta-
tional burden and negatively correlated with percent residual tumor.
Tumor infiltrating clonotypes underwent dynamic peripheral remodel-
ing on-treatment; the magnitude of clonal reshaping was significantly
higher than clonotypes not found in the tumor. Tumor-infiltrating clo-
notypes that were also detected in the peripheral blood were of signifi-
cantly higher frequency than those only present in the tumor. Notably,
an anergic/monoclonal anti-tumor TCR repertoire was observed in a pa-
tient with KRAS/STK11 co-mutations and an early relapse after PD-1
blockade. Analyses of the dynamics of T cell clonotypes with differential
PD-1 expression is ongoing.
Conclusions
Significant and systemic alterations exist in the peripheral anti-tumor
T cell repertoire in NSCLC patients treated with neoadjuvant PD-1
blockade. The periphery represents a vital biological compartment
for the anti-tumor immune response.
Trial Registration
www.clinicaltrials.gov (NCT02259621)
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