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Background

Pancreatic adenocarcinoma (PDAC) is a lethal cancer with <7% of pa-
tients surviving past 5 years. T cell immunity has been linked to the
exceptional outcome of the rare long-term survivors but the antigens
are unknown.

Methods

To identify T cell antigens in long-term PDAC survivors, we assem-
bled the largest cohorts of stage-matched short [n=68, median over-
all survival (OS) 0.8y] and long-term PDAC survivors (n=82, median
OS 6y). To enable antigen discovery, we performed a combined
analysis of whole exome sequencing, neoantigen prediction, T cell
receptor (TCR) VB-chain sequencing, 9-color multiplexed immunohis-
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tochemistry, and tumor transcriptomic profiling. To assess differential
neoantigen immunogenicity, we performed neoantigen fitness mod-
eling integrating clonal genealogy, epitope homology, and T cell
receptor affinity. To examine in vivo T cell-neoantigen reactivity, we
used functional assays in a subset of very long-term PDAC survivors
(n=7, median OS 10.5 years).

Results

We found that tumors of long-term survivors displayed 12-fold
greater cytolytic CD3*CD8"Granzyme-B* cells, with >94% of intratu-
moral T cell clones unique to tumors and not shared with adjacent
normal pancreatic tissue, suggesting intratumoral antigen recogni-
tion. Tumors of long-term survivors exhibited greater TCR repertoire
diversity compared to tumors of short-term survivors, implying differ-
ential antigenic targets. In examining neoantigens as potential T cell
targets, we found that patients with both the highest predicted
neoantigen number and the greatest CD3*CD8" infiltrates together
but not either parameter alone, exhibited the longest survival
(median OS not reached vs. 0.8y, P=0.004). In investigating possible
unigue neoantigen qualities in long-term survivors, a neoantigen
quality model conferring greater immunogenicity to dominant
neoantigens with homology to microbial epitopes identified long-
term survivors independent of confounding variables and chemo-
therapy (Neoantigen Quality™ “* "% - median OS 8.6y vs. 0.8y;
P=0.002) whereas a model ascribing greater immunogenicity to in-
creasing neoantigen number did not (Neoantigen Quantity™ Vs =% -
median OS 0.8y vs. 1y; P=0.3) (Fig. 1). Similarly, neoantigen quality,
but not quantity, was independently prognostic of survival in a lar-
ger, independent cohort unselected by survival (n =166; Neoantigen
Quality"™ ¥* X" _ median OS 30m vs. 14m; P<0.0001) (Fig. 1). Finally, we
detected lasting circulating T cell reactivity to both high quality neoanti-
gens and cross-reactive antigens in PDAC survivors, including identical
intratumoral clones with specificity to both (n=5 of 7 patients tested).
Conclusions

Our results identify neoantigens with unique qualities as T cell targets
in PDAC. More broadly, we identify neoantigen quality as a biomarker
for immunogenic tumors that may facilitate rational application of
immunotherapies.
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Fig. 1 (abstract O1). Neoantigen quality is prognostic of pancreatic
cancer survival
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Background

Immune checkpoint blockade has greatly improved clinical outcomes
in melanoma patients. However, there is an urgent need for predict-
ive biomarkers to determine who will likely benefit most from which
therapy. To date, most biomarkers of response have been identified
in the tumors themselves. Biomarkers that could be assessed from
peripheral blood would be even more desirable, because of ease of
access and reproducibility of sampling.

Methods

We used mass cytometry (CyTOF), which is a technique similar to
flow cytometry, but uses metal-ion tagged antibodies for high-
dimensional immune profiling. We performed CyTOF on pre-
treatment peripheral blood mononuclear cells from melanoma pa-
tients to identify potential biomarkers of response to anti-CTLA-4 or
anti-PD-1 immunotherapy.

Results

Our studies revealed that anti-CTLA-4 and anti-PD-1 therapies have
distinct sets of candidate biomarkers. Responders to anti-CTLA-4
therapy had higher memory CD4* and CD8" T cells compared to
non-responders. Furthermore, responders showed higher frequencies
of CD8" effector memory T cells. In anti-PD-1 (but not anti-CTLA-4)
treated patients, responders had higher frequencies of CD69 and
MIP-1 expressing NK cells. Finally, using multivariate analysis, dis-
tinct models for the prediction of response to anti-CTLA-4 and anti-
PD-1 were developed.

Conclusions

Our findings point to an important role for memory T cell subsets, as
well as NK cells in response to immunotherapy, making them potential
predictive biomarker candidates for response to checkpoint blockade.
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Background

Multi-omics data provide rich information on different levels such as
genome, transcriptome, function or phenotype. Integrating such com-
prehensive measures offers great potential for identifying improved
prognostic and predictive signatures in the context of precision medi-
cine. Here we combine gene expression data with phenomic readouts
extracted from immunohistochemically stained sections of resected
prostate cancer (PCa) tissue. By integrating both data sets we identify
multi-variate signatures with high prognostic value regarding prostate
cancer recurrence after radical prostatectomy.

Methods

Data was collected from a cohort of 23 PCa patients (Gleason-score 6-9,
pT2, age<=75y). Consecutive FFPE tissue sections were dual-stained for
immune-related (CD3/CD8, CD68/CD163) and structural (CD34, CK18/
p63) components. Using Tissue Phenomics, we extracted image-based
features, e.g., densities, ratios, and distances of positive cells across dif-
ferently stained sections after co-registration in specific regions-of-
interest (tumor, TME, stroma) [1]. Gene data (NanoString Technologies,
Seattle, nCounter PanCancer Immune Profiling Panel) was collected
from sections containing tumor only and normalized w.r.t. housekeep-
ing genes. We separately selected subsets of image-based and
gene-based features by optimizing a cutoff regarding the uni-variate
stratification performance (log-rank test, accuracy) on random data sub-
sets using bootstrapping. Features from both sets were combined by
Classification and Regression Trees (depth=2) and the best performing
combinations were identified using cross validation. Clinical parameters
(age, Gleason-score, PSA blood value) provided no prognostic value as
shown by Cox regression analysis.

Results

Several tree models showed improved cross-validated stratification
performance compared to all uni-variate stratifications using either
feature set (Fig. 1). We found that (I) a low expression of C4B gene in
combination with a low ratio of CD8(+) in stroma to CD3(+)CD8(-) in
tumMor (Pcrossvai<0.05), and (Il) a high expression of CD46 gene in
combination with a low average distance of CD34(+) microvessels to
neighboring CD168(+) M2 macrophages (Pcrossvai<0.05) are strong
prognostic factors for prostate cancer recurrence.

Conclusions

Our results suggest that an inhibited activity of the innate as well as
the adaptive immune system provides prognostic value for prostate
cancer recurrence. Both genes C4B and CD46 are related to the com-
plement system where C4B positively correlates with complement
activity while CD46 is an inhibiting complement regulator. Limited
activation of CD8(+) cytotoxic T cells as well as increased activity of
M2 macrophages fostering angiogenesis additionally contribute to
the cancer promoting environment. Combining information from
genome and phenome therefore helps gaining a broadened picture
of factors promoting PCa progression.

Reference
1. Athelogou M, et al. Tumor-associated macrophages as prognostic marker
for prostate cancer progression. SITC. 2016.
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Background

CPI-444, an A2AR antagonist, inhibits suppression of T cell function
by adenosine and is active in multiple preclinical models. CPI-444 is
being investigated as a single agent and in combination with atezoli-
zumab in an ongoing Phase 1/1b clinical trial in patients with ad-
vanced cancers (NCT02655822). Biomarker investigations were
conducted to explore immune modulation in serial tumor biopsies
and peripheral blood as well associations between adenosine path-
way genes and clinical activity.

Methods

Tumor biopsies and blood samples were analyzed in 80 patients with
renal cell carcinoma (RCC: n=35), non-small cell lung cancer (NSCLC:
n=26), triple negative breast cancer (TNBC: n=17), microsatellite insta-
ble colorectal cancer (MSI-CRC n=2) treated with CPI-444 100mg BID
as single agent ('SA’ n=18) or in combination with atezolizumab
(‘combo’ n=62). Paired tumor biopsies were analyzed: gene expres-
sion profiles (Nanostring), CD8, PD-L1 and CD73 (IHC). T cell reper-
toires were examined by sequencing of the T cell receptor beta
chain gene in PBMCs and tumors.

Results

Of 80 evaluable patients, 54 had progressed on prior anti-PD-(L) 1
therapy ('lO-refractory’), 26 were 10-naive. Most patients were PD-L1
negative in archival tumor (80% TNBC, 91% RCC, 69% NSCLC).

Six objective responses were observed: 2 partial responses (PR) in
RCC (1 SA and 1 combo); 2 PRs in NSCLC (both combo); 1 PR MSI-
CRC (combo) and 1 PR in TNBC (combo). Notably, 3 PRs were
observed in |O-refractory patients (1 RCC, 2 NSCLC) and 2 PRs were
PD-L1 negative (1 RCC, 1 NSCLQ).

SA and combo treatment significantly increased CD8+ cell infiltration
(mean 2-fold; 95%Cl 1.18-2.91), T cell activation and interferon-
gamma pathway gene expression in biopsies as well as T cell clone
expansion in both tumor biopsies and periphery. Shared clonotypes
expanded in matched post-dose PBMCs and tumor suggesting
trafficking of T cells following CPI-444 treatment. This included 10-
refractory and PD-L1-negative patients.
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Patients with elevated CD73 and expression of adenosine genes in
baseline tumor samples experienced significant tumor regression
(best % change: high-CD73 -5.6% regression; low-CD73 17.9%
growth; p-value=0.03, n=40). In 10-refractory patients, CD73 expres-
sion and adenosine pathway genes were higher than 10-naive pa-
tients at baseline suggesting adenosine pathway is a mechanism of
immune escape in |O-refractory patients.

Conclusions

CPI-444 anti-tumor activity was associated with immune-modulation
of T cells in tumor and periphery, including |0-refractory and PD-L1
negative patients. Adenosine pathway is upregulated in |O-refractory
patients and may be associated with clinical response to CPI-444 sup-
porting a role for CPI-444 in treatment of 10-refractory tumors.

Trial Registration

ClinicalTrials.gov Identifier NCT02655822
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Background

Patients with high-risk melanoma, (AJCC TNM stage Il and stage I
disease), have a 20-60% recurrence rate with 5-year overall survival
(OS) between 45% and 70%. The adjuvant setting is an opportunity
to test prevention vaccines that may have efficacy against disease re-
currence. Vaccine therapy with CDX-1401 (a fusion protein consisting
of human monoclonal IgG1 antibody targeting the dendritic cell (DC)
receptor DEC-205 linked to the NY-ESO-1 tumor antigen) can safely
lead to humoral and cellular immunity in cancer patients with ad-
vanced malignancies that express NY-ESO-1, including melanoma.
CDX-301, a recombinant human Flt3 ligand (FIt3L), safely produces
increases in DC in humans and may enhance vaccine responses
through increased DC number and activity. We evaluated CDX-301
and CDX-1401 combination treatment in a phase I, open-label, multi-
center, randomized study of subjects with resected melanoma, to de-
termine whether immune responses to NY-ESO-1 elicited by
vaccination with CDX-1401 + poly-ICLC are substantially increased by
prior expansion of circulating DC with FIt3L therapy.

Methods

60 patients with resected melanoma were randomized to two co-
horts: Cohort 1 received CDX-301 (FIt3L) pretreatment (25 ug/kg SC x
10 days) in two of four monthly cycles of vaccination with CDX-1401
(Tmg IC) + poly-ICLC (2mg SC, days 1 and 2). Cohort 2 received 4
monthly cycles of vaccine with CDX-1401 and poly-ICLC without prior
FIt3L. We also assessed immunogenicity to other melanoma-
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associated antigens and memory viral responses, character of PBMC
subsets, and safety, tolerability and clinical efficacy of the regimens.
Results

Both treatments were well tolerated with grade 1-2 AEs of chills,
injection site erythema and pain, fever and myalgias most
common. A substantial increase of between ~15- to ~200-fold of
innate immune cells (DC, monocytes and NK cells) was observed
in subjects treated with CDX-301. Further, there was development
of higher anti-NY-ESO-1 antibody titers and NY-ESO-1 specific T
cells in cohort 1 vs. cohort 2, and evidence of induction of
antigen-specific CD8+ T cells in cohort 1. Comparative immune
cell gene expression profiling of PBMC are consistent with these
differences and reveal a gene signature associated with FIt3L in-
duction of an early and durable immune response.

Conclusions

DC mobilization with vaccines targeting DC is safe and significantly
enhances vaccine responses to widely expressed tumor associated
antigens.

Trial Registration

ClinicalTrials.gov Identifier NCT02129075
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Background

The different regulatory mechanisms orchestrating macrophage activa-
tion, including signaling cascades and epigenetic programming, are in-
creasingly appreciated. Among these regulatory mechanisms,
differences in the bioenergetic demands of M1 and M2 macrophages
are emerging as new regulatory circuits that adjust a macrophage’s be-
havior in response to the nutrient state in its habitation and the in-
fected tissues. Glutamine metabolism provides synergistic support for
macrophage activation and elicitation of desirable immune responses;
however, the underlying mechanisms regulated by glutamine metabol-
ism to orchestrate macrophage activation remain unclear.

Methods

We examine metabolic and epigenetic reprogramming in bone
marrow-derived macrophages under M1 and M2 skewing condition.
We also examine the impact of glutamine metabolism on supporting
endotoxin tolerance format in bone marrow-derive macrophages
in vitro and in the in vivo septic shock model. The anti-tumor re-
sponses of glutaminase 1 targeting approach was further evaluated
in MC-38 and Braf/Pten melanoma-bearing mice in conjunction with
or without adoptive tumor-specific T cell transfer.

Results

Here we show that the production of aa-ketoglutarate via glutaminoly-
sis is important for alternative (M2) activation of macrophages, includ-
ing engagement of fatty acid oxidation (FAO) and histone H3K27
demethylase Jmjd3-dependent epigenetic reprogramming of M2
genes. This M2-promoting mechanism is further modulated by a high
aa-ketoglutarate/succinate ratio, while a low ratio strengthens the pro-
inflammatory phenotype in classically (M1) activated macrophages. As
such, a-ketoglutarate contributes to endotoxin tolerance following M1
activation. This study reveals new mechanistic regulations by which
glutamine metabolism tailors the immune responses of macrophages
through metabolic and epigenetic reprogramming. We further provide
proof-of-concept evidence that targeting glutaminolysis can tailor the
immune response of tumor-associated macrophages in vivo, and co-
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treating glutaminase inhibitor with adoptive tumor-specific T cell trans-
fer can effectively suppress tumor growth.

Conclusions

This study highlights the unrecognized mechanisms controlled by
glutaminolysis to fine-tune macrophage activities and advances
modulation of glutamine metabolism as an attractive strategy for
harnessing macrophage-mediated immune responses. Most import-
antly, targeting glutaminase is able to re-educate tumor-associated
macrophages and provides synergistic anti-tumor responses with
adoptive cell transfer therapy. Altogether, our work uncovers new
regulatory circuits orchestrated by glutamine metabolism in macro-
phages and reveals the potential of these mechanisms on harnessing
macrophage immune responses.
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Background

CEA-TCB (RG7802, RO6958688) is a novel T cell bispecific antibody tar-
geting CEA on tumor cells and CD3 on T cells. An ongoing Phase Ib
study (NCT02650713) is exploring the safety, tolerability and efficacy of
CEA-TCB in combination with atezolizumab (anti-PD-L1). Here, we re-
port preliminary results of '®F-fluorodeoxyglucose-positron emission
tomography (FDG-PET) imaging as an early pharmacodynamic marker
for this novel cancer immunotherapy combination in patients with
microsatellite stable (MSS) metastatic colorectal cancer (mCRC).
Methods

In this study, CEA-TCB was given weekly in combination with atezoli-
zumab 1200 mg every 3 weeks in patients with CEA-expressing solid
tumors. On-treatment FDG-PET scans were performed at week 4 and
compared with baseline. On-treatment changes in maximum stan-
dardized uptake value (SUV,,ax), metabolic tumor volume (MTV) and
total lesion glycolysis (TLG) were analyzed in up to 10 measurable le-
sions, identified at baseline by an independent reviewer, in each pa-
tient. Exploratory statistical analyses used semiparametric Gaussian
regression models and progression-free survival (PFS) was assessed
using Cox proportional hazard landmark analyses.

Results

As of March 3, 2017, a total of 35 patients with MSS mCRC were treated
with CEA-TCB doses ranging from 5 mg to 160 mg; 17 patients were eva-
luable for PET image analysis. Of the 15 PET-evaluable patients, 8 (53%)
had early (week 4) on-treatment reductions in SUV . > 15% with CEA-
TCB plus atezolizumab. Early decreases in SUV,,.x appeared to correlate
with increasing CEA-TCB doses (P = 0.0081), with greater and consistent
reductions seen at > 80 mg. Partial metabolic response was observed in
6 of 15 patients, with all responders treated at > 80 mg. Decreases in
SUV hax appeared to be associated with reduction in tumor burden (best
change from baseline per RECIST v1.1; P = 0.0061). Depth of reduction in
MTV appeared to be associated with longer PFS (P = 0.013). In addition,
reductions in MTV and TLG appeared to correlate with decreases in sol-
uble CEA (sCEA) at week 6 (MTV, P = 0.013; TLG, P = 0.034). Data from an
expanded patient population treated with CEA-TCB as monotherapy and
in combination with atezolizumab will be presented.
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Conclusions

In patients with MSS mCRC, changes in MTV and SUV,,,., correlated with
longer PFS along with tumor shrinkage, and decreases in 2 FDG parame-
ters, MTV and TLG, correlated with a decline in soluble tumor marker,
sCEA. Thus, early on-treatment changes in FDG-PET can serve as a phar-
macodynamic biomarker related to treatment efficacy with CEA-TCB.
Trial Registration

NCT02650713
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Background

The tumor microenvironment (TME) presents a major barrier to effect-
ive immunotherapy. Metabolically harsh conditions starve infiltrating ef-
fector T cells rendering them ineffective. In contrast, regulatory T (T;eg)
cells, a subset of CD4+ T cells that play a vital role in preventing auto-
immunity and maintaining immune homeostasis, thrive in the TME. As
a result, the TME becomes more immunosuppressive. It has been
shown that T, cells have a distinct metabolic profile compared to
their effector T cell counterparts. Therefore, we hypothesized that T,eq
cells thrive because they are metabolically supported by the TME.
Methods

B16, a mouse model of melanoma, was used. From tumor bearing mice
conventional effector T cells and T, cells were transcriptionally and
metabolically profiled using flow cytometry, proliferation assays, sup-
pression assays, and isotopic flux analysis. A mouse with a T4 specific
deletion of MCT1, a predominant lactate transporter was generated. A
pharmacological inhibitor of MCT1 was used to prevent lactate uptake.
Results

Transcriptional and metabolic profiling revealed T, cells from the
tumor upregulate a distinct metabolic profile utilizing the glycolytic
end-product, lactic acid. Lactic acid has been known to be immunosup-
pressive, and indeed, it curbed the proliferation of conventional ef-
fector T cells in vitro. However, lactic acid had the opposite effect on
Treg cells, promoting their proliferation. Isotopic flux analysis revealed
lactate is utilized by T4 cells to generate glycolytic intermediates, in
part through gluconeogenic pathways. Preventing lactate transport in
Treq cells through a conditional knockout of MCT1 resulted in mice with
normal immune homeostasis, but superior anti-tumor immunity when
implanted with melanoma. Similarly, in wild type tumor bearing mice,
preventing lactate uptake through a pharmacological inhibitor resulted
in decreased intratumoral T,y proliferation and increased efficacy of
checkpoint blockade immunotherapy.

Conclusions

These data suggest that tumors evade the immune system, in part,
by metabolically supporting suppressive T4 cells with lactic acid.
These data also suggest that targeting lactate metabolism may in-
crease the efficacy of checkpoint blockade immunotherapy.
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Background

Chimeric antigen receptors (CARs) targeting CD19 have produced im-
pressive outcomes for the treatment of B cell malignancies. Using
RNA sequencing, we determined the transcriptional changes down-
stream of CARs with different co-stimulation domains pre-and post-
antigen stimulation.

Methods

T cells were sorted from 3 donors and transduced with one of four
CAR constructs. The constructs all contained a CD19-directed scFv
fused to one of four different intracellular domains: 4-1BB{, CD28(,
and AL Cells were expanded with CD3/CD28 beads for 5 days and
the rested. On day 12, the T cells were stimulated through their CAR
or TCR for 0, 4 or 24 hours. T cells were flow-sorted on viable lym-
phocytes, CAR+, CD3+ and CD4+ or CD8+ and then sequenced using
the SmartSeq2 protocol. Reads were aligned and quantified. Differen-
tial gene expression calculated using DESeq2. Significant differen-
tially expressed (DE) genes had a FDR cutoff of <0.05.

Results

T cells containing CARs have clearly distinct transcriptional signatures
both from each other and from untransduced T cells. We identified a
gene signature for tonic signaling of all (-containing CAR T cells,
which was identified in transduced resting T cells prior to antigen
stimulation through the CAR. These genes were DE between untrans-
duced or AC vs 4-1BB(, CD28(, { CARs. Furthermore, we identified a
set of genes that is DE between 41BB{ and CD28( CAR T cells. Some
of these genes such as ENNP2 are DE before antigen stimulation
through the CAR, while other genes were significantly DE only after
antigen stimulation through the CAR. There was a clear upregulation
of HLA Class Il genes as well as CIITA, which controls MHCII upregula-
tion, in activated 41BBC vs 28C CAR T cells. Across all time points
there was an enrichment for human Tyl signature genes in the
41BB( compared to the CD28{ CD4+ CAR T cells (p-value<0.0005).
Cytokines, IL-15 and IL-21 were both significantly upregulated in
41BB( vs CD28C CARs by 24 hours after CAR stimulation.

Conclusions

We have identified a transcriptional signature that reflects tonic sig-
naling in CAR T cells bearing the CD3( signaling domain, independ-
ent of the co-stimulation domain. Differences between 41BB({ and
28C have been previously identified several days following CAR-
antigen stimulation. Here we show many of these differences exist
before CAR-mediated activation, indicating a transcriptional effect of
tonic signaling. We also defined a transcriptional program in 41BBC
vs CD28( CAR T cells that polarizes CD4+ cells to a more Ty1 like
state pre-and post-signaling.
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Background

B cell maturation antigen (BCMA) is expressed on most cases of mul-
tiple myeloma (MM) cases and can be targeted by T cells transduced
with an anti-BCMA chimeric antigen receptor (CAR). The extracellular
portion of BCMA is cleaved by gamma-secretase (y-secretase), result-
ing in lower surface expression of BCMA on tumor cells and the pres-
ence of soluble BCMA (sBCMA) in the circulation, both of which
could hamper BCMA CAR-T cell efficacy and enable escape of BCMA-
ow MM cells. We investigated whether y-secretase inhibitor (GSI)
treatment inhibited BCMA shedding, increased surface BCMA levels,
and augmented BCMA-specific CAR-T cell antitumor functionality
in vitro and in vivo.

Methods

BCMA expression on MM cell lines and primary CD138" MM samples
was measured by flow cytometry after treatment with the GSI
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RO4929097. sBCMA levels in patient sera and culture supernatants
were measured by ELISA. BCMA-specific CAR-T cells were co-cultured
with MM cell lines or primary MM, with or without GSI. Blocking ef-
fects of SBCMA on CAR-T cells were measured by titrating recombin-
ant BCMA/Fc into co-cultures. CAR-T cell functionality was measured
by cytokine ELISA, CFSE dye dilution, and chromium-release assays.
To investigate in vivo CAR-T cell efficacy, MM1.Rf“tumor bearing
NSG mice were treated with BCMA-specific CAR-T cells alone and in
combination with GSI. Tumor burden was monitored by biolumines-
cence imaging.

Results

BCMA-specific CARs were optimized for functionality by spacer
modifications. Patient serum levels of BCMA were found to often
exceed 100 ng/mL and concentrations >33 ng/mL inhibited
BCMA CAR-T cell function. Treatment with GSI RO4929097 in-
creased BCMA levels on both MM cell lines and primary MM sam-
ples in a dose dependent and reversible fashion, and decreased
sBCMA shedding. High doses of R04929097 (>3 mM) inhibited
CAR-T cell function, however low doses (0.1-1 mM) were sufficient
to upregulate surface BCMA levels on primary MM up to 10-fold,
leading to increased recognition by BCMA CAR-T cells. In a pre-
clinical model of myeloma, treatment with RO4929097 increased
BCMA on tumor cells in bone marrow and decreased sBCMA in
peripheral blood. Treatment of myeloma bearing mice with BCMA
CAR-T cells combined with intermittent doses of RO4929097 im-
proved antitumor effects and increased survival as compared to
mice that did not receive RO4929097.

Conclusions

Combining GSI with BCMA-specific CAR-T cells improves tumor recogni-
tion and therapeutic benefit in a preclinical model of myeloma. The
data provide a rationale for translating this combination to the clinic.

011

DNA vaccine with PD-1 blockade elicits anti-tumor responses in
patients with metastatic, castration-resistant prostate cancer
(mCRPC)

Douglas McNeel, Jens Eickhoff, Robert Jeraj, Mary Jane Staab,

Jane Straus, Ellen Wargowski, Matthew Scarpelli, Glenn Liu

University of Wisconsin, Madison, WI, USA

Correspondence: Douglas McNeel (dm3@medicine.wisc.edu)
Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):011

Background

We have previously investigated a DNA vaccine encoding prostatic
acid phosphatase (PAP, pTVG-HP) in two trials of patients with PSA-
recurrent prostate cancer. Favorable changes in PSA doubling time
were associated with the development of PAP-specific immunity. A
randomized phase 2 trial testing this vaccine is currently underway.
In preclinical models, we have found that blockade of regulatory re-
ceptors, including PD-1, at the time of T cell activation with DNA vac-
cination produced anti-tumor responses in vivo. We have also found
that patients immunized with this DNA vaccine developed PD-1-
regulated T cells. These findings suggested that combined PD-1
blockade with vaccination might elicit superior anti-tumor responses
in patients with prostate cancer.

Methods

A clinical trial was designed to evaluate the immunological and clin-
ical efficacy of pTVG-HP when delivered in combination (over 12
weeks) or in sequence (over 24 weeks) with pembrolizumab, in pa-
tients with mCRPC. Correlative studies included effects on serial biop-
sies, different measures of systemic immunity, and exploratory FLT
PET/CT imaging to evaluate proliferative changes in tumors and
vaccine-draining lymph nodes.

Results

26 patients were randomized to treatment and evaluable for re-
sponse. On-treatment adverse events > grade 2 included 1 episode
of fatigue, 1 episode of diarrhea, and 1 episode of autoimmune
hepatitis. No grade 4 events were observed. 8/13 subjects (61%)
treated in combination had any decrease in PSA from baseline, with
4/13 (31%) having a PSA decline >25%. 1/13 (7%) treated in
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sequence had a decrease in PSA from baseline (p=0.013). Several pa-
tients treated with the combination experienced decreases in tumor
volume by radiographic imaging at 12 weeks. Expansion of periph-
eral PAP-specific Th1-biased T cells was detected in some patients.
Exploratory FLT PET/CT imaging has demonstrated proliferative re-
sponses in metastatic lesions and in vaccine-draining lymph nodes.
Preliminary evaluation of biopsy specimens has suggested recruit-
ment of activated T cells.

Conclusions

PD-1 pathway inhibitors have demonstrated little clinical activity
to date when used as single agents for treating prostate cancer.
Our findings demonstrate that combining this blockade with
tumor-targeted T cell activation by a DNA vaccine is safe and can
augment tumor-specific T cells, detectable within the peripheral
blood and by imaging, and result in objective anti-tumor
changes. Based on these results, the randomized portion of this
trial was closed to accrual, and an expansion arm has been
opened to evaluate the safety and clinical efficacy of combination
treatment beyond 12 weeks.

Trial Registration
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Background

IL-10 has anti-inflammatory functions and stimulates the cytotoxicity
and proliferation of antigen activated CD8+ T cells. T cell receptor
mediated activation of CD8+ T cells elevates IL-10 receptors and PD-
1, providing the mechanistic rationale for combining AM0010 and
anti-PD1 for the treatment of cancer pts. A phase 1 clinical trial inves-
tigated the tolerability and anti-tumor activity of AM0010 alone and
in combination with anti-PD1 immune checkpoint inhibitors.

We previously reported partial responses in 4 of 16 RCC pts treated
with AM0010 monotherapy (Naing et al JCO 2016) and 4 of 8 RCC
pts (50% ORR) and 2 of 5 of NSCLC pts (ORR 40%) treated with
AMO0010 and pembrolizumab. We enrolled phase 1 cohorts of RCC
and NSCLC pts on AM0010 + nivolumab as > 2" line of treatment.
Methods

A total of 34 NSCLC pts. were enrolled on AM0010 (10-20mg/kg QD,
SC) and pembrolizumab (2mg/kg, g3wk IV; n=5) or nivolumab (3mg/
kg, g2wk IV; n=29). Pts. had a median of 2 prior therapies (PT, range
0-5). 37 RCC patients were enrolled on AM0010 (10-20mg/kg QD, SC)
and pembrolizumab (2mg/kg, g3wk IV; n=8) or nivolumab (3mg/kg,
q2wk 1V; n=29), with a median of 1 PT (1-3). Tumor responses were
assessed by irRC. Serum cytokines, T cell activation (FACS) and per-
ipheral T cell clonality (TCR sequencing) were analyzed. (Fig. 1).
Results

AMO0010 + anti-PD-1 was well tolerated. TrAEs included anemia,
thrombocytopenia and fatigue, and were reversible and transient. As
of July 30 2017, partial responses (PRs) were observed in 10 of 26
evaluable NSCLC pts (38.5%), including 3 (of 11) with PD-L1+ <1%
and 4 (of 5) with PD-L1+ >50% cancers. PRs were observed in 14 of
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34 evaluable RCC pts (41%). An additional 15 RCC pts had stable dis-
ease (44%), 7 of those had a tumor reduction > 30%. The mPFS and
mOS has not been reached, the mFU is 8.9 m (range 0.5-26.5). Up-
dated response data including data on delayed responses and the
durability of response will be available.

The induction of immune cytokines (IL-18) in the serum, invigoration
of CD8+ T cells and the increase of newly expanding T cell clones
correlated with objective tumor response to AM0010 monotherapy
and AM0010 + anti-PD-1.

Conclusions

AMO0010 in combination with anti-PD-1 is well-tolerated in RCC
pts, the recommended phase 2 dose is 10ug/kg. The robust effi-
cacy data and the observed CD8 T cell activation is promising
and encourages the continued study of AM0010 in combination
with nivolumab.
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—>
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o
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weeks
Fig. 1 (abstract 012). RCC - AM0010 + Anti-PD-1. Anti-PD-1 naive
RCC were treated with AM0010 in combination with nivolumab
(black) or pembrolizumab (red). ORR 41%, DCR 85%
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Background

T cell immunoglobulin and mucin-domain containing-3 (TIM-3) is a key
immune checkpoint protein that has been implicated in both exhaus-
tion of T effector cells and immune suppression mediated by regulatory
T cells and myeloid cells. Up-regulation of TIM-3 expression on PD-1-
positive tumor-infiltrating T cells is associated with reduced prolifera-
tion and secretion of cytokines important for T cell mediated anti-
tumor activity in several cancers. Blocking TIM-3 therefore has the
potential to restore tumor recognition by T cells and to increase anti-
tumor immunity. TSR-022 is a potent, selective, investigational anti-TIM-
3 antibody that is in development for the treatment of solid tumors as
both a monotherapy and in combination with PD-1 blockade.
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Methods

TSR-022 is being investigated in a multicenter, open-label, first-in-
human phase 1 trial enrolling pts with advanced or metastatic solid
tumors who have progressed after, or are intolerant to, available or
approved therapies. The primary objective of the current part of this
study is to evaluate the safety and tolerability of TSR-022 as a mono-
therapy and to determine the recommended phase 2 dose of TSR-
022 as a single agent. Pts received IV infusion of TSR-022 monother-
apy every 14 days in six escalating dose levels.

Results

As of July 19, 2017, 31 pts have been treated with monotherapy: 3 pts
at 0.03 mg/kg, 3 pts at 0.1 mg/kg, 3 pts at 0.3 mg/kg, 9 pts at T mg/kg
(all, 43 days of median follow-up); 7 pts at 3 mg/kg (28 days of median
follow-up), and 6 pts at 10 mg/kg (23 days of median follow up). Ad-
verse events that occurred in >15% of patients were fatigue (8 pts,
26%), abdominal pain (7 pts, 23%), nausea (6 pts, 19%); elevated ALT,
elevated AST, back pain, constipation, and vomiting was each reported
in 5 pts (16%). One dose-limiting toxicity event occurred with TSR-022
monotherapy (immune-related Grade 3 lipase elevation), which did not
require treatment modification. No treatment-related serious adverse
events were observed. TSR-022 exposure and peripheral receptor occu-
pancy increased in a dose proportional manner from 0.3 to 10 mg/kg.
To date, the best response was disease stabilization, observed in pa-
tients with various cancer types.

Conclusions

TSR-022 monotherapy was well tolerated across multiple dose levels.
Adverse events were manageable and consistent with the safety pro-
files of other checkpoint inhibitors. Dose-escalation of TSR-022 in
combination with an anti-PD-1 antibody is currently ongoing.

Trial Registration

ClinicalTrials.gov identifier NCT02817633.
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Background

The transforming growth factor B (TGF-B) pathway plays an important
role in tumor immune escape and may potentially contribute to the
failure of programmed death 1/programmed death ligand 1 (PD-1/PD-
L1) therapy. M7824 (MSB0011359C) is an innovative first-in-class bifunc-
tional fusion protein composed of a human IgG1 monoclonal antibody
against PD-L1 fused with 2 extracellular domains of TGF-f receptor Il to
function as a TGF-B “trap.” We report initial results on the efficacy and
tolerability of M7824 in patients with non-small cell lung cancer
(NSCLQ) refractory or resistant to prior anti-PD-1/anti-PD-L1 agents.
Methods

NCT02517398 is an ongoing, phase 1, open-label trial. In this expan-
sion cohort, patients with advanced NSCLC refractory (progression
after treatment initiation) or with acquired resistance (initial disease
control with subsequent relapse) to prior treatment with anti-PD-1/
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anti-PD-L1 therapy received M7824 1200 mg g2w until confirmed
progressive disease, unacceptable toxicity, or trial withdrawal. The
primary objective is best overall response (BOR) per RECIST v1.1; sec-
ondary objectives include safety/tolerability.

Results

To date, 83 heavily pretreated patients (74.7% received >3 prior ther-
apies) have received M7824 for a median duration of 8 weeks (range:
2-30 weeks) and 23 patients remain on active treatment with a me-
dian follow-up of 22.6 weeks (range, 8-35.3 weeks). Preliminary data
show initial clinical activity was observed in 19 patients (disease con-
trol rate=22.9%; 2 confirmed partial responses [ongoing at 4.5 and
7.5 months] and 17 patients with stable disease [15 ongoing at 3
months]) based on investigator-assessed BOR. Notably, initial clinical
activity was observed both in patients refractory or resistant to prior
anti-PD-1/anti-PD-L1 therapy. Fourteen patients (16.9%) experienced
grade >3 treatment-related adverse events (AEs), most commonly
rash/pruritus (n=4, 4.8%) and fatigue/asthenia (n=4, 4.8%). Cutaneous
lesions occurred in 3 patients (3.6%), including keratoacanthoma and
squamous cell carcinoma (similar to other TGF-B-inhibiting agents)
and were well managed by surgical excision. One patient discontin-
ued the study due to a treatment-related AE (bullous pemphigoid).
One patient died from pneumonia assessed by the investigator as
treatment related.

Conclusions

Based on preliminary data from this still-ongoing trial, treatment with
M7824 results in initial clinical activity and a manageable safety pro-
file in heavily pretreated patients with NSCLC refractory or resistant
to prior anti-PD-1/anti-PD-L1 agents. Updated data, including results
based on biomarkers such as tumor PD-L1 expression and circulating
levels of TGF-B1 and cytokines, will be presented at the meeting.
Trial Registration

NCT02517398
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Background

Single agent nivolumab (nivo) and combination ipilimumab (ipi) +
nivo are efficacious in advanced melanoma, but have not been ex-
tensively evaluated in patients with high-risk resectable disease. The
optimal neoadjuvant immunotherapy regimen is unknown and
development of biomarker specific neoadjuvant trials are critical in
understanding mechanisms of response, resistance and informing
clinical management. We designed a clinical trial to test these regi-
mens in the neoadjuvant setting coupled with longitudinal sample
collection designed to identify strategies to further improve
outcomes.

Methods

Patients with resectable stage Ill or oligometastatic stage IV melan-
oma were randomized to nivo 3 mg/kg IV every 2 weeks for 4 doses
or ipi 3 mg/kg + nivo 1 mg/kg IV every 3 weeks for 3 doses prior to
surgical resection, with both arms receiving adjuvant nivo 3 mg/kg
for 6 months (Fig. 1). Responses were measured at time of surgery as
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defined by RECIST 1.1 and percent tumor viability in surgical
specimen. Blood and tumor samples were collected at baseline, on-
treatment, and at surgery.

Results

23 out of a planned 40 patients were enrolled. The response rates
(RR) were 33% for nivo and 67% for ipi+nivo in evaluable patients
(n=18 total, 9 in each arm) (Fig. 2). Pathological complete response
(pCR) rates were 22% for nivo and 56% for ipi+nivo. Importantly,
22% of patients in nivo arm experienced disease progression and
were ineligible for surgical resection, prompting review by the data
safety monitoring board and early trial closure. No grade 3 or higher
toxicities were seen with nivo compared to 89% with ipi+nivo. All pa-
tients on ipi+nivo received surgical resection, but 33% had a surgical
delay related to toxicity. RNA-seq analysis of longitudinal tumor sam-
ples revealed differential effects of each treatment on the tumor
microenvironment as well as between responders (R) and non-
responders (NR) within each treatment arm. Immune profiling dem-
onstrated enriched CD8+ T cell infiltrates in on-treatment samples in
R versus NR (p=0.04). T cell receptor sequencing showed a lower de-
gree of remodeling from pre- to on-treatment tumor in R vs NR (as
measured by Morisita’s index, p<0.01).

Conclusions

Treatment with neoadjuvant nivo or ipi+nivo has activity in resect-
able melanoma. Ipi+nivo possessed a higher RR but also higher
grade llI/IV toxicities whereas nivo led to a higher rate of disease pro-
gression and resultant unresectable disease. Ongoing correlative
studies will provide insights into the mechanisms of response, tox-
icity and resistance.
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Background

CB-839 is a first-in-class, oral, highly selective inhibitor of glutaminase
that targets tumor glutamine metabolism. Competition between
tumor cells and immune cells for nutrients, including glutamine, in
the tumor microenvironment can create a metabolic checkpoint that
induces local immune suppression. CB-839 inhibits tumor glutamine
consumption and increases glutamine availability to support T-cell
activity. In pre-clinical models, CB-839 increases intra-tumoral glutam-
ine and enhances antitumor activity of PD-1/PD-L1 inhibitors. This
study is evaluating the safety and efficacy of CB-839 in combination
with the PD-1 inhibitor, nivolumab, in patients with advanced RCC,
MEL, or NSCLC, including cohorts of patients refractory to anti-PD-1/
PD-L1.

Methods

In dose escalation, patients received CB-839 600 mg or 800 mg PO
BID in combination with standard-dose nivolumab. In expansion, pa-
tients are enrolling into one of five cohorts to receive CB-839 800 mg
BID with standard-dose nivolumab: Naive RCC - anti-PD-1/PD-L1
naive, previously treated with anti-angiogenic therapy; Rescue RCC -
on nivolumab with progressive disease (PD) or > 6 month stable
disease without response; Other |0 RCC - anti-PD-1/PD-L1 in any pre-
vious line of therapy with PD and no history of response; Rescue
MEL - on anti-PD-1/PD-L1 with PD; Rescue NSCLC - on anti-PD-1/PD-
L1 with PD or > 6 month SD without response. Tumor response as-
sessment is every 8 weeks per RECIST 1.1. Tumor biopsy and blood
are collected for biomarker analysis. Bristol-Myers Squibb is providing
nivolumab for this study.

Results

The study is ongoing and 50 patients have enrolled to date (42 at
800 mg dose). A maximum tolerated dose of CB-839 was not
reached. One DLT (Gr3 ALT increased) occurred at the 800 mg dose.
The combination has been well tolerated; the most common
treatment-related Gr>3 AE has been ALT increased (4%). RECIST 1.1
tumor responses by cohort are shown below (Table 1).

There has been one complete response (CR) and two partial re-
sponses (PR) out of 7 response-evaluable MEL patients (ORR 43%). All
three responding patients were progressing on anti-PD-1/PD-L1 at
study entry and two had progressed on 3 prior immunotherapy regi-
mens. Paired tumor biopsies were available from one MEL responder
and analysis showed on-treatment increase in T-effector gene expres-
sion including granzyme and perforin.
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Conclusions

Treatment with the CB-839+nivolumab is well-tolerated and has clin-
ical activity in anti-PD-1/PD-L1 refractory patients. Notable responses
have occurred in MEL patients progressing on nivolumab at study
entry and refractory to multiple prior immunotherapy regimens. Up-
dated safety, biomarker and response data will be presented.

Trial Registration

NCT02771626

Table 1 (abstract 016). See text for description

Cohort Naive RCC | Rescue RCC | Other 10 RCC | Rescue MEL | Rescue NSCLC
Enrolled 19 9 B 9 4
RECIST 1.1 Response Evaluable 16 5 2 7 4
ing on anti-PD-1/PD-L1 at study entry NA 2 (80%) NA 7 (100%) 4 (100%)
R 0(0%) 0(0%) 0(0%) 1(14%) 0(0%)
PR 3(19%) 0(0%) 0(0%) 2(29%) 0(0%)
D 9(56%) | 4(80%) 2 (50%) 1(14%) 3(75%)
PD 4 (25%) 1(20%) 2 (50%) 3(43%) 1(25%)
DCR=CR+PR+SD. 12(75%) | 4(80%) 2 (50%) 4(57%) 3(75%)
017

0X40 T-cell costimulatory agonist BMS-986178 alone or in
combination with nivolumab in patients with advanced solid
tumors: initial phase 1 results

Anthony J. Olszanski', Ignacio Melero?, Michael Ong®, Anna Spreafico?,
Kimberley Heinhuis®, Richard Carvajal®, Maria Ochoa de Olza’,

Quincy Chu®, Anke Klippel®, Yun Shen®, Yan Feng®, Bryan Barnhart’,
Alan Korman®, Michael Quigley®, Paula M. Fracasso’, Praveen Aanur®,
Martin Gutierrez'®

'Fox Chase Cancer Center, Philadelphia, PA, USA; “Clinica Universidad de
Navarra, Pamplona, Spain; *The Ottawa Hospital Cancer Centre, Ottawa,
ON, Canada; “Princess Margaret Cancer Centre, Toronto, ON, Canada;
>The Netherlands Cancer Institute, Amsterdam, Netherlands; °Columbia
University Medical Center, New York, NY, USA; "Vall d'Hebron University
Hospital, Barcelona, Spain; 8Cross Cancer Institute, University of Alberta/
Alberta Health Services, Edmonton, AB, Canada; “Bristol-Myers Squibb,
Princeton, NJ, USA; '°Hackensack University Medical Center, Hackensack,
NJ, USA

Correspondence: Anthony J. Olszanski (anthony.olszanski@fccc.edu)
Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):017

Background

With the clinical success of checkpoint blockade, focus has
shifted to novel approaches to enhance the benefits of immuno-
therapy. Activation of the costimulatory tumor necrosis factor
receptor family member OX40 may lead to T effector cell activa-
tion, inhibition of T regulatory cell-mediated suppression, and
blockade of T regulatory cell generation. Preclinical data show
enhanced antitumor T-cell activity when anti-OX40 is combined
with checkpoint inhibitors (eg, anti-PD-1), supporting the poten-
tial benefits of this combination to provide deeper, more durable
responses than checkpoint blockade alone. BMS-986178 is a fully
human IgG1 agonist monoclonal antibody that binds with high
affinity to OX40. Here we describe preliminary results of a phase
1/2a study of BMS-986178 + nivolumab (anti-PD-1) in patients
with advanced solid tumors (NCT02737475).

Methods

Patients with advanced/metastatic solid tumors with >1 prior therapy
were treated in this open-label, dose-escalation and dose-expansion
study. During escalation, patients received BMS-986178 (20-320 mg)
IV Q2W or BMS-986178 (20-320 mg) + nivolumab 240 mg IV Q2W.
Safety, immunogenicity, pharmacokinetics, pharmacodynamics, and
preliminary antitumor activity were evaluated. Pharmacodynamic
analyses included evaluation of OX40, PD-1, Ki67, FOXP3, and CD8 by
immunohistochemistry in tumors and immunophenotyping in
peripheral blood mononuclear cells.
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Results

As of June 12, 2017, 59 patients were treated with BMS-986178
(n=20) or BMS-986178 + nivolumab (n=39). Approximately one-third
of patients in the monotherapy (30%) and combination (28%) arms
had received prior anti-PD-1/PD-L1-based therapy. Most treatment-
related AEs were grade 1/2 (Table 1); 1 patient treated with
BMS-986178 160 mg + nivolumab had treatment-related grade 3
pneumonitis that led to discontinuation. The maximum tolerated
doses of BMS-986178 + nivolumab have not yet been reached. The
pharmacokinetics of BMS-986178 + nivolumab were linear, and ex-
posure increased proportionally with BMS-986178 doses of 20-320
mg. Preliminary pharmacodynamic activity showed an increase in
proliferating T cells and a decrease in FOXP3 cells in tumors with
BMS-986178 + nivolumab. Evidence of antitumor activity was ob-
served in several patients treated with the combination, including a
patient who had progressed on prior anti-PD-1 therapy; these data
will be reported.

Conclusions

BMS-986178, an OX40 agonist, given alone and in combination with
nivolumab, was well tolerated; the combination had a safety profile
similar to that of nivolumab monotherapy. Treatment with BMS-
986178 + nivolumab resulted in pharmacodynamic immune changes
in tumors and preliminary antitumor activity. Further evaluation of
this combination in patients with advanced solid tumors is ongoing.
Trial Registration

ClinicalTrials.gov, NCT02737475

Table 1 (abstract O17). Treatment-related AEs with BMS-986178 and
BMS-986178 + nivolumab

BMS-986178 BMS-986178 + Nivolumab
n=20 n=39
Any Grade | Grade 3/4 Any Grade | Grade 3/4

TRAEs, n (%) 5 (25) | 1(5.0) 21 (54) [ 1(2.6)"
TRAEs in 22 patients in either treatmentarm, n

Fatigue 1 1 5 0

Pyrexia 1 0 5 0

Arthralgia 0 0 4 0

Diarrhea 3 0 2 0

Chills 0 0 2 0

Hypothyroidism 0 0 2 0

Nausea 1 0 2 0

aGrade 3 treatment-related pneumonitis was reported in 1 patient treated with
BMS-986178 160 mg + nivolumab 240 mg.
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Background

While checkpoint inhibitors (CPI) have transformed melanoma treat-
ment, many patients remain refractory. Pre-clinical models show
combination intratumoral IMO-2125 (TLR9 agonist) with anti-CTLA-4
or anti-PD-1 antibody results in improved tumor control compared
with either agent alone. We hypothesized that this combination
would stimulate local antigen-presenting cells, resulting in activation
of anti-tumor T cells and distant responses.

Methods

Adults with anti-PD-1 refractory, unresectable stage Ill/IV melan-
oma were enrolled. IMO-2125, escalating from 4 - 32 mg is ad-
ministered under image guidance, intratumorally on weeks 1, 2,
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3, 5,8, and 11 with standard ipilimumab. Biopsies were obtained
in both the injected and distant tumor at baseline, 1 day and 8
weeks (W8) post injection. Immune analyses included phenotypic,
activation, and functional characterization of DC subsets and T
cells. T-cell repertoire diversity was evaluated by high-throughput
CDR3 sequencing and changes in gene expression signatures
were assessed by NanoString.

Results

Biopsies were obtained from 17 of the 18 subjects enrolled on the
IMO-2125-ipilimumab arm. Of 15 subjects with post-baseline disease
evaluations, 9 (60%) showed shrinkage in uninjected tumors with an
ORR of 33% by RECIST 1.1. Fresh tumor biopsies taken 24h post IMO-
2125 injection demonstrated induction of an IFN-a-response gene
signature (IRF7) in all patients (p<0.0001), as well as, maturation of
the myeloid DC1 subset (CD1c*CD303") by upregulation of MHC class
Il (6/12 patients) and upregulation of PD-L1 on malignant cells (10/14
patients). W8 biopsies of the uninjected tumor lesion reveal the in-
duction of Ki67* expression by flow cytometry in effector CD8* T
cells in 6 of 7 regressing lesions indicating an abscopal effect of this
combination. In 6 patients with both tumor shrinkage and flow cy-
tometry staining of PBMCs, 4 had higher CD8"* T-cell proliferation in
the tumor than in blood on-treatment. CDR3 sequencing shows that
the top 50 clones form a larger proportion of the repertoire at W8
suggesting local proliferation in both lesions, as well as, the specific
expansion in the distant lesion of clones shared with the injected site
in responders.

Conclusions

Combination IMO-2125 and ipilimumab therapy is a promising new
treatment for anti-PD-1 refractory melanoma. We show this treat-
ment strategy to result in a local IFN-a-gene signature coupled with
mDC1 maturation. Additionally, the hallmark of tumor shrinkage
appears to be the presence of Ki67* CD8* T cell effector cells in the
uninjected tumor and expansion of clones shared between both le-
sions (abscopal effect).

Trial Registration

NCT02644967
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Background

Entinostat is an oral, class | selective histone deacetylase (HDAC) in-
hibitor that has been shown in pre-clinical models to enhance anti-
PD-1 activity through inhibition of immune suppressor cells in the
tumor microenvironment. ENCORE 601 is a Phase 1b/2 study evaluat-
ing safety and efficacy of ENT plus PEMBRO in NSCLC, melanoma
and colorectal cancer patients. We previously reported the results of
Phase 1b, which identified ENT 5 mg PO weekly plus PEMBRO 200
mg IV every 3 weeks as the dose to be further explored.

Methods

Efficacy of ENT 5 mg PO weekly plus PEMBRO 200 mg IV g3wks is be-
ing assessed in a Simon 2-stage Phase 2 study involving two cohorts of
patients with advanced NSCLC: anti-PD-(L)1-naive (Cohort 1), and pro-
gressed on anti-PD-(L)1 (Cohort 2). The primary endpoint is objective
response rate. Based on investigator feedback to incorporate Phase 1b
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patients dosed at entinostat 5 mg into the Stage 2 go/no go assess-
ment, revised criteria for advancement were >4 responses observed
out of 17 evaluable patients in Cohort 1 and >3 out of 31 in Cohort 2.
Tumor biopsies and blood samples for immune correlates were taken
pre- and post-treatment.

Results

Enroliment has been completed for Stage 1 of both cohorts. In Co-
hort 1, 4 of 17 (24%, 95% Cl: 7-50) evaluable patients achieved a par-
tial response (PR; 2 confirmed, 2 unconfirmed). In Cohort 2, 3 of 31
(10%, 95% Cl: 2-26) evaluable patients achieved a PR (2 confirmed, 1
unconfirmed). As of the data cutoff, the longest duration of response
was 24 weeks (and ongoing). Baseline PD-L1 expression for re-
sponders was <1% (1 patient), 1-49% (2 patients) and not available
(1 patient) for Cohort 1, and <1% (2 patients) and not available (1 pa-
tient) for Cohort 2. 31% of patients experienced a Grade 3/4 event
deemed related to study drug. The most common of these events in-
cluded hypophosphatemia and neutropenia in Cohort 1, and fatigue,
anemia, and pneumonitis in Cohort 2. 13% of patients discontinued
therapy due to an adverse event. Circulating myeloid derived sup-
pressor cells were reduced in both cohorts at Cycle2/Day1 compared
to pretreatment. Gene expression analysis of tumor biopsies and as-
sociation with responses is in progress.

Conclusions

ENT plus PEMBRO demonstrates anti-tumor activity and acceptable
safety in patients with NSCLC who are both naive to and have
progressed on prior PD-(L)1 blockade. Based on the responses seen,
Cohort 2 has advanced to Stage 2 and is currently enrolling.
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Background

In patients with advanced solid tumors, NKTR-214, a CD-122-biased
agonist, increased newly proliferative CD8+ T cells in the tumor and
increased cell surface PD-1 expression, demonstrating a potentially
synergistic mechanism with anti-PD-1 therapy. Preliminary safety, ef-
ficacy and biomarker results from dose-escalation of the Phase 1/2
study combining NKTR-214 with nivolumab are presented.

Methods

Enrolled patients in dose escalation were checkpoint inhibitor naive
with locally advanced/metastatic melanoma (mM), RCC or NSCLC.
NKTR-214 and nivolumab were administered concurrently by IV infu-
sion in the outpatient setting in Q2W or Q3W dosing schedules. Pre-
and on-treatment blood and matched tumor samples were evaluated
for changes in immune cell populations, gene expression, and T cell
receptor repertoire. Responses were assessed Q8W per RECIST 1.1.
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Results

At July 25, 2017, data cutoff, 31 patients were treated across one of 5
dose escalating cohorts of NKTR-214 (@0.003(n=3), @0.006(n=25) or
@0.009(n=3) mg/kg) administered with nivolumab given either 240
mg Q2W or 360 mg Q3W. There were no Grade >3 treatment-related
adverse events (TRAEs) reported at or below the NKTR-214 0.006 mg/
kg plus nivolumab cohorts. There were no discontinuations from
TRAEs. The most common TRAEs occurring in >50% of patients in-
cluded grade 1-2 fatigue, flu-like symptoms and rash. At the highest
dose (NKTR-214 0.009 mg/kg + nivolumab), two patients experienced
DLTs including hypotension and metabolic acidosis. DLTs were short-
lived and manageable with both patients continuing treatment at
lower doses. 16 patients with Stage IV mM or Stage IV RCC were eva-
luable with >1 on treatment scan. In mM, 1 complete response was
observed plus 4 partial responses (n=8). In RCC, 4 PRs were observed
(n=8). 5/16 patients had SD, 2 patients had PD. In tumor tissue, there
was an up to 450-fold increase in tumor-infiltrating CD8+ T cells from
baseline with a limited (<2-fold) increase in T regulatory cells. Infil-
trating T cells were newly proliferative with elevated PD-1 expression.
In blood, ICOS+ CD8+ T cells increased with treatment representing
13% of total CD8+ T cells. Updated data will be presented.
Conclusions

Combination of NKTR-214 and nivolumab was well-tolerated and
manageable in outpatient setting. Nivolumab-related AEs were not
increased by NKTR-214. Immune activation was observed in periph-
eral blood and tumor microenvironment. Preliminary efficacy with
mM and RCC show encouraging response rates. A recommended
Phase 2 dose schedule of Q3W was established (NKTR-214 0.006 mg/
kg plus nivolumab 360 mg), and enrollment is underway in expan-
sion cohorts in eight different indications (n=230).

Trial Registration

Trial Registration: NCT02983045
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Background
NIVO (anti-PD-1) plus IPI (anti-CTLA-4) improved progression-free sur-
vival (PFS) and objective response rate vs IPI alone in the phase Il
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CheckMate 069 and phase Il CheckMate 067 trials of treatment-naive
patients with advanced melanoma. Recently, a 2-year overall survival
(OS) rate of 64% was reported for patients treated with NIVO+IPI in
CheckMate 067. Here, we report 3-year OS, PFS, and safety results in
all randomized patients from CheckMate 069.

Methods

Patients were randomized 2:1 to NIVO 1 mg/kg + IPI 3 mg/kg (n=95)
or IPI 3 mg/kg + placebo (n=47) Q3W for 4 doses followed by NIVO
3 mg/kg or placebo Q2W, respectively, until disease progression or
unacceptable toxicity.

Results

55% of patients in the IPI group crossed over to receive NIVO upon
progression. At a median follow-up of 37 months, median OS was
not reached (NR) for NIVO+IPI and was 32.9 months for IPI (hazard
ratio [HR]: 0.76; P=0.2829), with 3-year OS rates of 57% and 46%, re-
spectively. Median PFS was NR for NIVO+IPI and was 3.0 months for
IPI (HR: 0.35; P<0.0001). Median duration of response was NR in both
groups. Time to subsequent therapy in the NIVO+IPI and IPI groups
was NR and 5.4 months, where 63% (47/75) and 19% (7/37) remain
free of subsequent therapy at the 3-year landmark, respectively. The
safety profile remained similar to the earlier reports, with grade 3-4
treatment-related adverse events in the NIVO+IPl and IPI groups of
54% and 24%; 38% and 9% discontinued due to any grade adverse
events, respectively. Three-year OS rates in patients who discontin-
ued due to toxicity were 68% for NIVO+IPl and 25% for IPI; median
duration of response was NR in both subgroups.

Conclusions

In summary, NIVO-+HPI continues to show a significant improvement in PFS,
with consistent safety results, and a favorable 3-year landmark OS rate. A
pooled analysis, which will include updated 3-year OS data from Check-
Mate 067, will be presented as well as outcomes in patients off all therapy.

Trial Registration

NCT01927419 (CheckMate 069), NCT01844505 (CheckMate 067)

022

Antibody-mediated neutralization of soluble MIC significantly
enhances response to CTLA4 blockade and reduces
therapy-induced colitis

Jennifer Wu', Jinyu Zhang?

"Northwestern University, Chicago, IL, USA; *Medical University of South
Carolina, Charleston, SC, USA

Correspondence: Jennifer Wu (jenniferwu@northwestern.edu)

Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):022

Background

Antibody therapy targeting cytotoxic T lymphocyte-associated anti-
gen 4 (CTLAA4) elicited survival benefits in cancer patients; however,
the overall response rate is limited. In addition, anti-CTLA4 antibody
therapy induces a high rate of immune related adverse events
(IRAEs). The underlying factors that may influence anti-CTLA4 anti-
body therapy are not well defined. Ligation of the human activation
immune receptor natural killer group 2D (NKG2D) has been impli-
cated in optimizing CD8 T cell co-stimulation and pathogenesis of
colitis. Herein we investigated the impact of the human NKG2D lig-
and MIC, which was broadly expressed by human solid tumors, on
the therapeutic outcome of anti-CTLA4 blockade.

Methods ) B
We utilized the well-established MIC"®9°"¢ TRAMP and MICPos'tve
TRAMP/MIC spontaneous pre-clinical tumor models to address our
question. We treated cohorts of these animals with anti-CTLA4 anti-
body or anti-sMIC antibody monotherapy or combination therapy
and assessed treatment response and related toxicity. We further cor-
roborate our findings with various indications of sMIC"*9*™¢ and
sMICP"™"® transplantable syngeneic tumor models.
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Results ,

As expected, MIC"9%™® tumors exhibited nominal response to anti-
CTLA4 therapy and no response to anti-sMIC therapy. Unexpectedly,
animals bearing MICP*"™® tumors and with elevated serum sMIC
(sMIC") responded poorly to anti-CTLA4 antibody therapy with sig-
nificantly shortened survival (Fig. 1). Animals with high levels of
serum sMIC had increased lung metastasis and developed colitis in
response to anti-CTLA4 antibody therapy (Fig. 2). Co-administration
of a sMIC-neutralizing monoclonal antibody B10G5 with the anti-
CTLA4 antibody alleviated colitis in sMIC" animals and generated a
cooperative anti-tumor therapeutic effect by synergistically augmenting
innate and adoptive anti-tumor immune responses. Mechanistically, we
show that sMIC downmodulation of CD3z on NK and T cells, which
ultimately impairs TCR/CD3 signaling and NK cell receptor signaling
and potentially CD4 T cell-mediated tolerance. We further demonstrate
that the combination of anti-CTLA4 with anti-sMIC antibody coopera-
tively primes DC activation, overcomes CD8 T cell tolerance, enhances
TCR/CD3 signaling capacity in CD8 T cells, and increases T cell clonality
or repertoire complexity in tumor infiltrates.

Conclusions

Our findings imply that a new combination therapy could improve
the clinical response to anti-CTLA4 antibody therapy. Our findings
also suggest that pre-screening cancer patients for serum sMIC may
help in selecting candidates who will elicit a better response to anti-
CTLA4 antibody therapy.
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Background

The tumor microenvironment is a three-dimensional (3D) system of
diverse cellular and non-cellular components whose heterogeneous
structure is typically defined by haphazard growth of cancer cells
and a disordered microvasculature. Tumor-immune cell interactions
occur within this context, providing a challenge for analysis of the in-
filtrate and anti-tumor immune responses by two-dimensional (2D)
methods such as immunohistochemistry (IHC). Toward overcoming
the limitations of 2D methods, we introduce Transparent Tissue Tom-
ography (T3) as a tool for quantitative 3D imaging cytometry of the
tumor immune microenvironment.

Methods

For T3 imaging cytometry, tumors were sliced into 400 pm macrosec-
tions to facilitate immunofluorescence staining, optical clearing, and
confocal microscopic imaging. Macrosections were stained overnight
with panels of four to six directly labeled fluorescent primary
antibodies then cleared by D-fructose. The full volume of each
macrosection was scanned in each channel using a confocal micro-
scope and tumor images were tomographically reconstructed from
the macrosection images. The tumor images were segmented to dis-
criminate cell types, map biomarkers, and perform spatial analysis.
Results

As an application of T3 imaging cytometry, we examined the distri-
bution of programmed death-ligand 1 (PD-L1) expression in spontan-
eous Her2" mammary tumors formed in BALB-NeuT mice. T3 analysis
of whole tumors determined PD-L1 expression by tumor cells at the
periphery and CD31" vascular endothelium in the core. For the first
time, 3D tomographic projection disclosed vascular PD-L1 expression
localized between the endothelium and inner layer of smooth
muscle cells. In turn, T3 revealed a strong spatial correlation between
CD45* immune cell distribution and PD-L1 expression. Applying T3
to pharmacokinetic analysis, we observed uneven accumulation of
anti-PD-L1 antibody in perfused regions and lack of delivery to
hypoxic domains. In addition, 3D vascular mapping showed that the
blood vessels wrapped in smooth muscle cell layers restrained
anti-PD-L1 antibody extravasation into tumor. Toward translation, T3
was adapted to analyze whole core needle biopsies. Modeling
on-treatment biopsy analysis, T3 confirmed a compound effect of ra-
diation and anti-PD-L1 therapy on infiltration of effector cytotoxic
lymphocytes such as granzymeB™ NK cells and T cells.

Conclusions

By assessing multiple tumor parameters simultaneously at cellular
resolution, T3 provides a unique window into the heterogeneity of
the tumor immune microenvironment. We anticipate that T3 can be
applied broadly to facilitate preclinical studies of tumor biology and
therapy. In particular, spatial, multiparameter T3 analysis may serve
as a tool to improve diagnostic, prognostic and predictive testing of
patient biopsies as part of evaluation for immune checkpoint block-
ade therapy.

024

First-in-human study with intratumoral administration of a CD40
agonistic antibody: preliminary results with ADC-1013/JNJ-64457107
in advanced solid malignancies

Peter Ellmark’, Sandra Irenaeus?, Dorte Nielsen®, Adnan Deronic',
Niina Veitonmaki', Per Norlén', Camilla Wennersten', Jeffrey Yachnin®,
Gustav Ullenhag®

'Alligator Bioscience, Lund, Sweden; “Uppsala University, Uppsala,
Sweden; 3Umversity of Copenhagen, Herlev, Denmark; “Karolinska
Institutet and University Hospital, Stockholm, Sweden
Correspondence: Peter Ellmark (pek@alligatorbioscience.com)
Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):024

Page 13 of 244

Background

Agonistic antibodies targeting CD40 activate dendritic cells and can
expand and activate tumor specific T cells. Preclinical studies have
demonstrated that intratumoral administration of CD40 agonists has
the potential to improve anti-tumor efficacy and reduce immune re-
lated adverse events compared to intravenous administration. Herein,
we report the first study of a CD40 agonistic antibody administered
intratumorally in cancer patients.

Methods

A Phase |, open label, multicentre study was conducted to evaluate the
safety, pharmacokinetics and pharmacodynamics of ADC-1013 in pa-
tients with advanced solid tumors who had received established treat-
ments. A 3+3 dose escalation was conducted with a 28-day window
(bi-weekly dosing). Twenty-three patients were treated with ADC-1013
intratumorally (dosing from 22.5 ug/kg up to 400 pg/kg) or intraven-
ously (dosing at 75 pg/kg). The pharmacodynamic effects observed in
the patients were further verified in an hCD40tg mouse model.

Results

Adverse events were primarily fatigue, pyrexia, nausea and vomiting,
and were mostly CTCAE Grade 1 or 2 and transient. Two subjects
receiving intratumoral bolus injections of ADC-1013 into hepatic le-
sions at a dose of 400 pg/kg experienced Grade 3 abdominal pain
assessed as DLTs. Elevations in cytokine levels (MCP-1, TNFa and IL-6)
were observed in patients receiving 200 pg/kg and 400 pg/kg of
ADC-1013. The systemic ADC-1013 exposure and cytokine release
was more pronounced in patients receiving injections in a hepatic le-
sion than patients receiving injections in a non-hepatic lesion. Treat-
ment with ADC-1013 resulted in a marked decrease in B cell levels in
peripheral blood after 24 h, recovering to baseline levels within 8
days. Remaining B cells significantly increased their expression of the
cell surface activation marker CD86 24 h after first dose, returning to
baseline within 8 days.

The pharmacodynamic effects were further studied in hCD40tg
mice demonstrating activation of antigen presenting cells such as
dendritic cells and subsequent activation of T cells. Moreover,
ADC-1013 treatment in this mouse model acts synergistically with
a PD-1 inhibitor.

Conclusions

The results from the first-in-human study of ADC-1013 indicate that
intratumoral administration of ADC-1013 into non-hepatic lesions
(superficial metastases) is well tolerated at doses up to at least 400
pg/kg, while intratumoral administration of ADC-1013 into hepatic
lesions resulted in toxicities associated with cytokine release and
Grade 3 adverse events. The pharmacodynamic effects and the pre-
clinical data support further clinical development of ADC-1013 as
mono- or combination therapy with e.g. PD-1/PD-L1 targeting anti-
bodies. Janssen is currently developing ADC-1013/JNJ-64457107 for
intravenous administration in patients with solid tumors.
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Background

IL-15, a common gamma chain (yc) cytokine, stimulates expansion and
cytotoxic functions of NK and memory CD8+ T cells. Compared to un-
modified IL-15, ALT-803 had superior antitumor activity, low toxicity
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and favorable pharmacokinetics in animal models. These promising
data prompted this phase | trial of ALT-803 administered intravenously
(i.v.) or subcutaneously (s.c.) to patients with advanced cancers.
Methods

ALT-803 was administered at doses of 0.3-20 mcg/kg weekly i.v. or
s.c. for 4 consecutive weeks, every 6 weeks until toxicity or progres-
sion. Correlates included pharmacokinetics, immunogenicity, lympho-
cyte expansion and flow cytometric phenotyping. Clinical endpoints
were toxicity and anti tumor activity.

Results

Eleven patients received i.v. ALT-803 (range 0.3 to 6 mcg/kg), and 13
patients received s.c. ALT-803 (range 6 to 20 mcg/kg) in 9 dose co-
horts. Ten had melanoma, 7 renal, 3 head and neck, and 4 lung can-
cer. The most common dose-related toxicity was injection site
reaction with s.c. ALT-803; biopsy showed inflammatory infiltrates. Fa-
tigue, fever and nausea were the next most common adverse events.
Maximal increases in white blood cell and lymphocyte counts during
cycle 1 were modest across all doses, with means of 1.2-fold (1.2-fold
at 20 mcg/kg s.c.) and 1.5-fold (1.4-fold at 20 mcg/kg s.c.) over base-
line. NK cell expansion typically peaked on cycle 1 day 15 or 29, with
a mean maximal 2.7-fold increase across all doses, and 3.3-fold for
the highest (20 mcg/kg) s.c. dose cohort. The expansion of circulating
CD8+ T cells was modest (mean maximal 1.4-fold increase), but the
mean fold increase for the % positivity of activation marker HLA-DR
on CD8+ T cells was 2.9-fold across all dose cohorts and 4.7-fold at
20 mcg/kg s.c., typically peaking on cycle 1 day 4. Immunogenicity
assays demonstrated no reactivity in patients. Clinical activity was
not observed in these heavily-pretreated patients, but combination
therapy trials are ongoing. Toxicities were mild, non-dose-limiting
and similar to IL-2 and other yc cytokines. One patient experienced
symptomatic diffuse cardiomyopathy that resolved slowly after drug
discontinuation and corticosteroid treatment.

Conclusions

The IL-15 superagonist ALT-803 was well-tolerated with minimal
cytokine toxicities in patients with advanced cancer. Substantial
increases in NK cells and rapid activation of CD8+ T cells as
evidenced by increased HLA-DR expression are promising im-
munologic effects, providing a strong rationale for combination
anticancer immunotherapy with ALT-803.

Trial Registration

NCT01946789
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Background

Despite the success of T cell checkpoint blockade antibodies in
treating an array of cancers, the majority of patients still fail to
respond to these therapies, or respond transiently and then re-
lapse. The molecular mechanisms which drive lack of response to
checkpoint blockade, whether pre-existing or evolved on therapy,
remain unclear.

Methods

To address this critical gap in clinical knowledge, we established a
mouse model of melanoma designed to elucidate the molecular
mechanisms underlying immunotherapy resistance. Through multiple
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in vivo passages, we selected a B16 melanoma tumor line that
evolved complete resistance to combination blockade of CTLA-4, PD-
1, and PD-L1, which cures ~80% of mice of the parental tumor. Using
gene expression analysis, proteomics, and immunogenomics, we de-
termined the adaptations engaged by this melanoma to become
completely immunotherapy resistant. NMR spectroscopy, Seahorse
XF Analysis, flow cytometry, confocal microscopy and western blot
analysis provided further insight into the mechanisms driving check-
point blockade resistance.

Results

Acquisition of immunotherapy resistance by these melanomas was
driven by coordinate upregulation of the glycolytic and aldose reduc-
tase pathways to create a metabolically hostile microenvironment in
which T cell function is profoundly suppressed. When re-introduced
into the parental tumor, the genes most closely associated with
these metabolic adaptations confer enhanced immunotherapy resist-
ance. We have validated upregulation of these pathways in a unique
cohort of melanoma patients who failed dual checkpoint blockade.
Additionally, we employed MRI imaging to visualize metabolic
changes acquired by resistant tumors in live mice. Clinical application
of this technique could provide a much-needed non-invasive tool to
predict immunotherapeutic sensitivity of patients.

Conclusions

Upregulation of glycolytic metabolism and the aldose reductase
pathway by melanoma tumor cells cripples T cells in the microenvir-
onment and confers resistance to checkpoint blockade.
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Background

80% of Merkel cell carcinomas (MCCs) are driven by viral (MCPyV)
oncoproteins, rendering them ideal immunotherapy targets. Transfer
of MCC-specific T cells alone is insufficient, and half of patients
receiving anti-PD1 monotherapy progress. We hypothesized co-
transferring MCPyV-specific T cells with checkpoint blockade may en-
hance efficacy and elucidate interactions between T cells, tumor and
the microenvironment. A patient with a dramatic response to T cells
plus checkpoint inhibition, whose MCC eventually progressed despite
robust T cell persistence and MCPyV expression, was examined by
single-cell RNA sequencing (scRNAseq) to identify the mechanisms of
response then immunoevasion.

Methods

A 59-year-old man with heavily-pretreated, MCPyV-positive MCC (>5
prior therapies including pembrolizumab) received autologous ex-
vivo expanded, HLA B*3502-restricted MCPyV-specific CD8+ T cells
(CD8+s), with sequential addition of pembrolizumab and ipilimumab.
A 90% tumor reduction was sustained for ~1 year, followed by pro-
gression. ScCRNAseq was performed on PBMCs and tumor collected
before treatment, during response and at progression. Results were
compared to flow cytometry and multicolor-IHC.

Results

scRNAseq of PBMCs identified a cluster of intensely-activated
CD8+s present exclusively at the time of immunotherapy
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response. Although flow cytometry detected MCPyV-specific
CD8+s, it was unable to discriminate this proliferative subpopu-
lation. Activated CD8+s in blood corresponded with HLA-DR
+CD8+ T cell infiltration into the shrinking tumor (including
infused cells) and supported a causative role of CD8+s in
mediating MCC regression.

scRNAseq of tumor digests was performed to determine the mechan-
ism of acquired immunotherapy resistance. Despite an input of only
10000 cells, the expression profiles of tumor, TIL, macrophages, and
fibroblasts could be distinguished. TIL and macrophages expressed
transcriptomes that were stable in the pre-immunotherapy and post-
resistance samples, suggesting these cells were not mediating the
acquired resistance. In contrast, tumor cells displayed strikingly
different transcriptional profiles before and after development of re-
sistance. Directed analysis revealed tumor-specific loss of only the
targeted HLA-B, but not non-targeted HLA-A, at time of progression.
This implies intense immunologic and selective pressure from the
transferred  HLA-B*3502-restricted CD8+s. Unbiased scRNAseq
analyses identified significant upregulation of HLA-E, which is an
inhibitory signal for NK cells, and helps explain NK avoidance in the
context of HLA-loss.

Conclusions

With small cellular inputs, scRNAseq can provide mechanistic insights
beyond traditional IHC or flow cytometry, here revealing allele-
specific HLA downregulation and HLA-E induction by the escaping
tumor. Such insights can guide design of improved cellular therapies,
in this case suggesting the use of multiple specificities of T cells.
Trial Registration

NCT0175845
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finding to include non-small cell lung cancer. Then we utilized a
new high-throughput shRNA screening platform developed by
our group to functionally interrogate immune resistance in mel-
anoma cells.

Results

Results from both analyses implicated tumor-associated glycolysis
as a critical pathway that enables tumor cells to evade T cell-
mediated antitumor activity. By using samples from melanoma
and non-small cell lung cancer patients, we showed that in-
creased expression of glycolysis-related genes is associated with
poor T cell infiltration of tumors. In addition, we found that in-
creased expression of ALDOA, which encodes a critical enzyme in
the glycolysis pathway, was functionally correlated with reduced
sensitivity of tumor cells to T cell-mediated killing. Overexpression
of ALDOA impaired T cell killing of patient-derived melanoma
cells, while inhibiting glycolysis restored T cell-mediated apoptosis
of tumor cells. More importantly, when we characterized the
patterns of gene expression and generated bioenergetic profiles
on tumor samples from two non-overlapping ACT-treated patient
cohorts, we discovered that tumor glycolytic activity in patients
who experienced disease progression following ACT was signifi-
cantly higher compared to those patients who were responsive
to therapy.

Conclusions

Taken together, our results demonstrate that tumor glycolytic
metabolism is associated with the efficacy of ACT and identify
glycolysis as a candidate target for combinatorial therapeutic
intervention.

028

Functional correlation of increased tumor intrinsic glycolytic
activity with resistance to adoptive T cell therapy

Tina Cascone', Jodi Alicia McKenzie', Rina Mbofung', Simone Punt’,
Zhe Wang', Chunyu Xu', Leila Williams', Zhigiang Wang',

Christopher Bristow', Alessandro Carugo', Michael Peoples', Lerong Li',
Tatiana Karpmetsw, Shruti Malu', Caitlin Creasyw, Sara Leaheyw,

Jiong Chen', Chantale Bernatchez', Y. N. Vashisht Gopal',

Timothy P. Heffernan', Jianhua Hu', Jing \/\/angw, Rodabe N. Amaria’,
Levi A. Garraway®, Ignacio |. Wistuba', Scott E. Woodman', Jason Roszik',
R. Eric Davis', Michael A. Davies', John V. Heymach], Patrick Hwu',

Weiyi Peng’

The University of Texas MD Anderson Cancer Center, Houston, TX, USA;
’Dana-Farber Cancer Institute, Boston, MA, USA

Correspondence: Weiyi Peng (wpeng@mdanderson.org)

Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):028

Background

Adoptive T cell therapy (ACT) has produced impressive responses in
a subset of patients with advanced malignancies, particularly those
with melanoma, where as many as 50% of patients may achieve an
objective response. However, these responses tend to be transient
and only present in a small portion of patients. Thus, there is an ur-
gent need to understand the resistant mechanisms in non-
responders and develop more effective ACT strategies that prevent
emergence of resistance or reverse resistance once it occurs. Emer-
ging evidence suggest that tumor intrinsic signaling pathways play a
critical role in promoting resistance to T cell-mediated immunother-
apy. For example, we recently reported that oncogenic activation of
the PI3K pathway resulting from PTEN loss renders melanoma cells
refractory to T cell-mediated therapies and that this could be
reverted by targeted inhibition of PI3K signaling. However, work from
our laboratory, and others, suggest that melanoma cells may have
additional means to circumvent immunotherapy.

Methods

In this study, we employed two independent and unbiased
approaches to identify novel molecular determinants of immune
resistance. We generated gene expression profiles on PTEN-
deficient melanoma cell lines from patients to identify alterna-
tive immunosuppressive mechanisms and then extended this
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Background

Immunotherapy can augment the host anti-tumor response inducing
tumor control and regression. However, in a subset of patients im-
mune selective pressure can drive the outgrowth of resistant tumor
cell clones. An understanding of the altered genetic pathways in re-
sistant tumor cell populations is critical to develop therapies to target
these tumors.

Methods

To this end, we utilized a whole genome CRISPR library screen to
delete genes in B16.SIY cells and selected clones that gained re-
sistance to T cell-mediated killing. One set of mutations was in
genes involved in the type-ll interferon pathway, namely IFNyR2
and Jak1. To test the role of these genes in subverting the host
immune response we generated B16.SIY cells selectively lacking
IFNYR2 or Jak1.

Results

In contrast to resistance to T cell-mediated killing in vitro, when im-
planted into mice, these mutant tumors paradoxically were better
controlled in vivo. This phenotype was observed with multiple
IFNyR2- and Jakl-deleted B16.SIY lines and using different guide-
RNAs, and also with a second tumor cell line MC38. Re-introduction
of IFNyR2 reverted the phenotype and restored tumor growth.
Depletion of host CD8" T cells eliminated regression of mutant tu-
mors, and increased accumulation of antigen-specific CD8" T cells
was observed in the tumor microenvironment. It seemed likely that
IFN-y produced by CD8* T cells in the tumor microenvironment
might have a dominant negative effect through upregulation of in-
hibitory factors such as PD-L1 on tumor cells. Indeed, IFNyR2™”~ and
Jak1™~ tumor cells expressed markedly reduced PD-L1 and IDO
in vivo compared to WT tumors. Further, transduction to express
PD-L1 restored the ability of IFNyR2™~ tumors to subvert the host im-
mune response and grow progressively.
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Conclusions

In summary, we find that the type-Il signaling in tumor cells in some
models can be required for the initiation and stabilization of the sup-
pressive tumor microenvironment. Combined with other published
data, our results suggest that whether IFN-y on tumor cells is
predominantly a positive or negative factor for tumor control may
depend on whether inhibitory factors like PD-L1 are dominantly
expressed and functional through tumor cells versus host im-
mune cells.
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(p<0.01). Immune profiling in these mice revealed a higher density of
innate and adaptive immune infiltrates in the tumor and gut, and up-
regulation of PD-L1 in the tumor microenvironment.

Conclusions

Diversity and composition of the gut microbiome was associated
with differential responses to anti-PD-1 therapy, and enhanced sys-
temic and anti-tumor immunity in metastatic melanoma patients.
Our results have far-reaching implications and suggest that modify-
ing the gut microbiome could potentially enhance therapeutic re-
sponses to immune checkpoint blockade.
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Background

Cancer therapy has benefitted greatly from immune checkpoint in-
hibitors that target negative regulators of T-cell activation, however
responses are variable and not always sustained. Recent evidence in
murine models suggests that the gut microbiome can be modulated
to enhance responses to immune checkpoint blockade. However, this
has not been deeply investigated in patients.

Methods

We collected buccal and stool samples from a cohort of anti-PD-1
treated metastatic melanoma patients (n=112). Patients were classified
as either responders (R) or non-responders (NR) based on RECIST cri-
teria (R=CR, PR, or SD>6 months, NR= PD or SD<6 months). 16S rRNA,
and whole-genome shotgun sequencing were performed to
characterize the diversity, composition and functional capabilities of
the microbiome. Immune profiling (via immunohistochemistry and flow
cytometry) was performed in available tumors and serum samples at
baseline. Fecal microbiota transplants (FMT) from R versus NR patients
were performed in germ-free (GF) mice, tumors were implanted and
markers of systemic and anti-tumor immunity queried.

Results

We observed significant differences in the diversity and composition of
the gut microbiome in R versus NR to anti-PD-1 therapy at baseline
with no clear differences in the oral microbiome. Specifically, R had a
higher alpha diversity compared to NR (11.2 versus 6.4, p<0.01), and an
enrichment of the Faecalibacterium genus of the Ruminococcaceae
family. In contrast, the Bacteroidales order was found to be enriched in
NR. High abundance of Faecalibacterium was also associated with im-
proved progression-free survival (HR=2.92. 95% Cl= 1.02 -12.52) Im-
mune profiling demonstrated significantly increased immune infiltrates
in baseline tumor samples of R versus NR (p=0.04), with a positive
correlation between CD8+ T-cell density in baseline tumor and blood
samples and abundance of beneficial Ruminococcaceae bacteria in the
gut microbiome (r’=0.42, p<0.01). Distinct metabolic signatures were
also observed in the gut microbiome with synthetic processes predom-
inating in R and degradative processes predominating in NR. In FMT
studies, GF mice transplanted with R-stool demonstrated delayed
tumor outgrowth and enhanced responses to anti-PD-L1 therapy
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Background

Several innate immune danger-sensing pathways have emerged as
promising targets for enhancing cancer immunotherapy. In recent
years, cyclic dinucleotide agonists of STING (Stimulator of interferon
genes) have demonstrated significant anti-tumor efficacy in several
mouse syngeneic tumor models and set the stage for STING agonists
to be evaluated in human clinical trials.

Methods

Binding of STING agonist MK-1454 to mouse and human STING was eval-
uated using Biacore. STING activity was monitored in human whole blood
and PBMCs, in multiple primary mouse and human cells, cell lines and dif-
ferentiated myeloid cell subsets using cytokine production and cell activa-
tion as readouts. In vivo efficacy studies of intratumorally-dosed MK-1454
were performed in the presence or absence of an anti-PD-1 antibody in
MC38, CT26 and B16F10 syngeneic tumor models. Characterization of
MK-1454 activity in primary human tumors was assessed in human histo-
culture studies. Gene profiling and STING gene signature studies were
performed using custom-built Nanostring reagents.

Results

In vitro studies demonstrated potent binding of MK-1454 to human and
mouse STING and rapid induction of type-l interferon and proinflamma-
tory cytokine production in human and mouse cell lines and primary cells
in a STING-dependent manner. Mechanistic studies were conducted to
assess the effect of STING agonism across multiple myeloid cell subsets
including monocytic MDSCs, M2 macrophages and TAMs, which have
been previously suggested to represent the suppressive myeloid compo-
nent of the TME. In addition, we describe important effects of STING
agonism on mouse and human T cells and highlight some key species-
related differences. Critically, we demonstrate that human primary tu-
mors, stimulated ex vivo with MK-1454, respond robustly as indicated in
cytokine production and gene profiling studies. Additional studies using
in vitro-stimulated human whole blood were used to define a STING
gene signature that could represent a valuable biomarker in the clinic. In
multiple mouse syngeneic tumor models, MK-1454 induced strong anti-
tumor responses, effecting full tumor eradication upon intratumoral dos-
ing, either as a single agent or in combination with PD-1 blockade, de-
pending on the tumor model and dose level. We also show that MK-
1454 induced tumor-specific adaptive immune memory as demonstrated
by the lack of tumor growth in tumor re-challenge studies.
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Conclusions

MK-1454, a novel STING agonist, induces potent cytokine responses
and immune cell activation in vitro and robust anti-tumor activity
in vivo. The preclinical data presented here support the ongoing clin-
ical evaluation of MK-1454 in cancer patients both as monotherapy
and in combination with Keytruda.

032

Phase 1 trial of CA-170, a first-in-class, orally available, small
molecule immune checkpoint inhibitor (ICl) dually targeting PD-L1
and VISTA, in patients with advanced solid tumors or lymphomas
Yung Jue Bang', John Powderly?, Manish Patel®, Kyu Pyo Kim?,

James Lee®, Joshua Brody®, Javier Garcia-Corbacho’, Sun Young Rha®,
Funda Meric-Bernstam?, Erika Hamilton'®, Santiago Ponce Aix'!
Radhakrishnan Ramchandren'?, Jeffrey Sosman'?, Myung Ju Ahn'*,
Mario Snozl'®, Gerald Falchook'®, Marta Gil Martin'/, Hongwei V\/angwg,
Lisa Adams'®, Christopher Caldwell'®, Adam Lazorchak'®,

Timothy V\/yam]g, Anna Ma'®, David Tuck'® Adil Daud'®

'Seoul National University Hospital, Seoul, Republic of Korea; “Carolina
BioOncology, Huntersville, NC, USA; *Florida Cancer Specialists &
Research Institute, Sarasota, FL, USA; “Asan Medical Center, Seoul,
Republic of Korea; *University of Pittsburgh School of Medicine UPMC
Cancer Pavilion, Pittsburgh, PA, USA; %lcahn School of Medicine at
Mount Sinai, New York, NY, USA; "Hospital Clinic i Provincial, Barcelona,
Spain; 8Yonsei University Health System - Severance Hospital, Seoul,
Republic of Korea; 9UT MD Anderson Cancer Center, Houston, TX, USA;
19Sarah Cannon Research Institute - TN, Nashville, TN, USA; '"Hospital
Universitario 12 de Octubre, Madrid, Spain; '?Karmanos Cancer Institute,
Detroit, MI, USA; "*Northwestern University Research, Evanston, IL, USA;
MSamsung Medical Center, Seoul, Republic of Korea; 15Smilow Cancer
Center, New Haven, CT, USA; 1%Sarah Cannon Research Institute at
HealthONE, Denver, CO, USA; '/Catalan Institute of Oncology, Bacelona,
Spain; "®Curis Inc, Lexington, MA, USA; '°University of California San
Francisco (UCSF), San Francisco, CA, USA

Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):032

Background

Programmed-death 1 (PD-1) and V-domain Ig suppressor of T-cell ac-
tivation (VISTA) are independent immune checkpoints that negatively
regulate T-cell function and are implicated in various malignancies.
Pre-clinical studies demonstrated that dual blockade of both check-
points can be synergistic. CA-170 is a novel oral small molecule ICI
that directly targets both PD-L1/L2 and VISTA and demonstrated sig-
nificant anti-tumor activity in multiple preclinical animal models.
Methods

Enrollment initially followed accelerated titration and subsequently
switched to 3+3 design. Cohorts of selected dose levels were ex-
panded with additional patients. The expansion phase allows for
enrollment of patients with selected indications known to be sensi-
tive to ICl. Primary objectives: safety, maximum tolerated dose
(MTD) and recommended Phase 2 dose. Secondary objectives:
pharmacokinetics (PK) and anti-tumor activity. Exploratory end-
points: biomarkers and pharmacodynamic (PD) effects in peripheral
blood and tumor tissues.

Results

A total of 34 patients have been treated across 6 dose levels (50 -800
mg) with 28 evaluable for safety and 4 still ongoing in cycle 1. En-
rolled tumor types include lung, ovarian, lymphoma, head and neck,
renal cell carcinoma, etc.

No DLTs or > grade 3 drug-related adverse events (AEs) have been
observed thus far. The most common treatment-emergent AEs (all
grades) were fatigue (24%), gastritis (20%), nausea (20 %), vomiting
(20%), chills (16%), constipation (16%) and headache (16%). These
were predominantly grade 1 and self-limiting events.

Seven newly enrolled patients are pending restaging. Nineteen pa-
tients were evaluable for anti-tumor activity with 12 showing stable
disease and 4 on study for > 6 cycles. An ICl naive melanoma patient
treated at 600 mg had lesion shrinkage by 14% per RECIST and 23%
per immune-related response criteria by the end of cycle 2 and is
currently ongoing on treatment.
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CA-170 exhibits approximately dose proportional plasma exposure
with Ty, 5 — 12 hours. Evidence of peripheral T cell activation was
observed with an increased proportion of circulating CD8* and CD4"
T cells expressing activation markers. Additionally, preliminary tumor
biopsy data has shown increases in the number of immune cells
post-treatment versus pre-treatment.

Conclusions

The data suggest CA-170 has an acceptable safety profile with pre-
liminary signs of anti-tumor activity and peripheral immune modula-
tion and approximately dose proportional PK profile. MTD has not
been reached. These data warrant the continued clinical develop-
ment of CA-170. Dose escalation is ongoing. Expansion cohorts in se-
lected indications are planned.

Trial Registration

Clinical trial identifier: NCT02812875.
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Background

Immune checkpoint inhibitors (ICls) are altering the treatment
paradigm in oncology, impacting the care of a rapidly increasing
number of patients; but many healthcare providers (HCPs) remain
unfamiliar and inexperienced with managing the unique spectrum of
immune-related adverse events (irAEs). An online decision support
tool was developed to give HCPs easy access to fair-balanced
guidance and management algorithms that are patient-specific and
extend beyond standard recommendations found in the respective
product inserts [1].

Methods

To use the tool, HCPs entered patient symptoms, organ system af-
fected, and the grade or severity of the event along with their
planned management strategy. Subsequently, the HCPs using the
tool were provided an expert recommendation for management of
that specific irAE. Recommendations in the tool comprised algo-
rithms developed from peer-reviewed publications and the personal
clinical experience of Jeffrey S. Weber, MD, PhD. Here, we report a
comparison of the intended irAE management of HCPs for 2896
cases entered into the tool from 11/9/16 through 7/21/17 with the
expert recommendations for those patient cases.

Results

Cases involving Gl symptoms (n = 818; 28% of all cases) were most
frequently entered into the tool with renal symptom cases (n = 153;
5% of all cases) having the fewest entries (Table 1). The planned irAE
management strategy of HCPs differed from the expert recommen-
dations for 49% of the cases overall with the greatest divergence in
neurologic- and endocrine-related cases (56% and 66%, respectively).
The proportion of cases in which the planned management strat-
egies of the HCPs differed from the expert recommendations also
varied by symptom grade/severity ranging from 84% differing for
grade 3 adrenal insufficiency to 21% differing for grade 4 renal tox-
icity. Overall, the largest proportion of cases with HCP variance from
optimal recommended practice occurred with those having inter-
mediate to high symptom severity (grades 2/3). Overall, of 648 HCPs
who responded to a survey about the impact of the tool on their
practice, 93% indicated that the recommendations provided by the
tool either changed or confirmed their management plan.
Conclusions

These data suggest that many HCPs are not optimally managing
irAEs associated with ICl use and that an online tool can provide a re-
source to improve patient care and safety. A detailed analysis of the
tool, including case entries and planned management vs best prac-
tice recommendations for each irAE and grade will be presented.
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Table 1 (abstract 033). See text for description

. HCP Planned Management Differed
Case Queries Entered by HCPs, n (%) from Tool dation, n (%)
Overall, 2896 (100) 1419 (49)
Gastrointestinal (colitis, diarrhea), 818 (28) 364 (44)
Pulmonary (pneumonitis), 608 (21) 321 (53)
Endocrine, 433 (15) 285 (66)
Hepatic, 416 (14) 162 (39)
Dermatologic (rash), 305 (11) 145 (48)
Neurologic, 163 (6) 91 (56)
Renal (nephritis) 153 (5) 51(33)
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Background

Dendritic cells (DCs) play a central role in the orchestration of anti-
tumor T cell responses. The presentation of tumor-derived peptide anti-
gens on class | major histocompatibility complex molecules (MHC 1) by
DCs is essential for the activation of antigen-specific CD8" T cells. Emer-
ging evidence has revealed that migratory Batf3-lineage DCs play a
dominant role in the priming of anti-tumor CD8" T cell responses
against solid tumors. However, the cellular mechanisms of tumor anti-
gen presentation by these DCs have not been formally demonstrated.
Batf3-lineage DCs are adept at cross-presenting exogenous antigens on
MHC | molecules, and it has been presumed that this antigen presenta-
tion pathway is critical in anti-tumor immunity.

Methods

To determine the contribution of cancer cell-derived MHC | on
antigen-specific CD8" T cell priming, we deleted H2-K® in the murine
acute myeloid leukemia cell line, C1498, using CRISPR/Cas9. Engraft-
ment of K°** and K*/~ C1498 cells into syngeneic C57BL/6 mice, as
well as those lacking TAP-1 (a critical component of the classical
cross-presentation pathway), and all MHC | (K°/DP7), allowed us to
interrogate the importance of different antigen presentation path-
ways to the anti-tumor CD8" T cell response.

Results

Consistent with published data, antigen-specific CD8" T cell priming
against localized C1498 tumors was entirely dependent upon Batf3-
lineage migratory DCs, revealing no role for direct priming by C1498
cells. Surprisingly, the activation of endogenous and adoptively-
transferred tumor-specific CD8* T cells was absent in tumor-draining
lymph nodes of mice harboring localized C1498 K/ tumors,
suggesting that antigen cross-presentation by DCs was insufficient to
activate anti-tumor CD8" T cells. Conversely, cancer-derived MHC |
was dispensable for antigen recognition by CD8* T cells in spleens of
mice with disseminated leukemia. Further, tumor-derived MHC | was
abundantly observed on the surface of DCs isolated from the solid
tumor micro-environment, and on migratory DCs in the tumor-
draining lymph node. However, no cancer-derived MHC | was found
on splenic DCs in leukemia-bearing mice, in which antigen-specific
CD8" T cell responses occurred in a TAP-dependent fashion.
Conclusions

Together, these observations support a model in which the CD8* T
cell response to an MHC l-expressing, localized cancer is driven by
Batf3-lineage DCs cross-dressed with intact tumor-derived peptide-
MHC | molecules. Furthermore, our data reveal that the processing
and presentation of tumor antigens occurs in a fundamentally differ-
ent manner for solid and hematologic malignancies. These findings
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could have broad implications both for basic immunology research,
and for the development of DC-oriented tumor vaccines.
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Background

Immunotherapies with programmed death receptor-1/programmed
death-ligand 1 (PD-1/PD-L1)-blocking antibodies have shown encour-
aging results in patients with advanced NSCLC, HNSCC, RCC,
Melanoma, Hodgkin Lymphoma and other cancer types. Despite a
subset of patients exhibiting durable and long lasting benefit, the
majority of patients show no signs of efficacy. The identification of
the right patient population is often challenging, and although there
is an incremental understanding of tumor characteristics and bio-
markers bearing limited predictive value, such as PD-L1, there is a
clear need for an accelerated development of better predictive bio-
markers. This knowledge may permit the guidance of therapy-
relevant decisions and potentially increase the clinical benefit of CPI-
related anti-cancer interventions.

Methods

To broaden our understanding of the spatial expression of relevant bio-
markers in the tumor microenvironment and gain deeper insights into
immune-stimulatory mechanisms, we performed histopathological ana-
lysis, image analysis, and gene expression analysis in a complementary
approach. In thirty (n=30) NSCLC tissues the expression patterns of pre-
selected biomarkers (CD8 and PD-L1) were conventionally evaluated by
a board-certified pathologist and the obtained H-scores were compared
with Image Analysis (IA)-derived i-scores. Subsequently, gene expression
data for all 30 NSCLC samples were generated in order to complement
the histopathological evaluations with mRNA expression patterns.
Results

Computer-based image analysis algorithms for the quantification of
CD8 and PD-L1 have been established showing a very high accuracy
and concordance compared to conventional histopathological evalua-
tions performed by trained pathologists. The complementary analysis
based on image analysis, conventional histopathological evaluation,
and gene expression analysis revealed excellent/good agreement.
Based on the attained knowledge from the multi-modal approach the
image analysis tools were further optimized. Following optimization,
preliminary data has demonstrated that the optimized image analysis
algorithms and the application of virtual multiplexing approaches per-
mits characterization of samples into four types of tumor microenviron-
ment sensu Teng et al [1]. Subsequently, a further seventy (n=70)
NSCLC samples will be interrogated using the optimized image analysis
tools and correlated, where applicable, with gene expression analysis.
Conclusions

The insights gained during this complementary analysis will help us
to design and implement advanced biomarker investigations in
future clinical trials to support the co-development of valuable
biomarkers in the field of cancer immunotherapy. The application of
advanced image analysis and virtual multiplexing approaches may
be suitable vehicles to better characterize the tumor microenviron-
ment, honing precision medicine within the immune-oncology field.

References
1. Teng, et al. Classifying cancers based on T cell infiltration and PD-L1.
Cancer Res. 2015; 75: 2139-45.
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Background

Active immunotherapies, such as ADXS-PSA, are designed to generate
tumor antigen-specific T cell effectors that recognize and kill tumor
cells. ADXS-PSA, a highly attenuated Listeria monocytogenes-based im-
munotherapy that targets prostate-specific antigen (PSA), is currently
being evaluated as a treatment for metastatic castration-resistant pros-
tate cancer (mCRPCQ) in the phase 1/2 KEYNOTE-046 trial as a monother-
apy (Part A) and in combination with KEYTRUDA® (Part B). Because
tumor antigen-specific T cell responses may be linked to the clinical ef-
ficacy of active immunotherapies, we quantified the frequency of func-
tional prostate cancer antigen-specific T cells in the peripheral blood of
ADXS-PSA-treated mCRPC patients by ELISpot analysis.

Methods

ELISpot assays were performed on peripheral blood mononuclear cells
(PBMCs) isolated at multiple time points from 9 mCRPC patients who
received 3 doses of ADXS-PSA monotherapy in Part A, the ADXS-PSA
dose-determining stage, of the KEYNOTE-046 trial (NCT02325557). In
addition to peptides from PSA, CD4" and CD8" T cell reactivity was
assayed to peptides from prostatic acid phosphatase (PAP), prostate-
specific membrane antigen (PSMA), prostate stem cell antigen (PSCA),
and prostein to determine the extent of antigen cascade/spreading
after ADXS-PSA treatment. Secretion of IFNy, TNFa, and the cytolytic
granule granzyme B were assayed simultaneously to examine the qual-
ity (i.e. degree of multi-functionality) of the T cell responses.

Results

During a 9-week treatment course, which included 3 ADXS-PSA
doses, 7/9 patients exhibited increases in the magnitude of the
PSA-reactive T cell response, including a patient with undetectable
PSA-reactive T cells at baseline. Notably, during the same time
course, increases above baseline in the frequency of T cells reactive
to one or more of the other prostate cancer antigens was observed
in all 9 patients. In addition to increases in the frequency of prostate
cancer antigen-specific T cells, all 9 patients exhibited increases in
the quality of T cells reactive to at least 1 of the 5 prostate cancer
antigens, indicating that ADXS-PSA induces multifunctional T cell re-
sponses to a broad range of prostate cancer antigens.

Conclusions

These results demonstrate that ADXS-PSA monotherapy increases
the magnitude and quality of T cell responses specific not only to
PSA, its target antigen, but also to other prostate cancer antigens,
which is indicative of antigen cascade/spreading. Patient enroliment
is ongoing for Part B, in combination with KEYTRUDA®.

Trial Registration

ClinicalTrials.gov Identifier NCT02325557
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Background

Ex vivo selection of T cells resistant to 6-thioguanine can be used to
identify T cells with in vivo mutation in the hypoxanthine-guanine
phosphoribosyltransferase (HPRT) gene. We hypothesize that in vivo
HPRT- mutant T cells (MT) will enrich for in vivo proliferating T cells
and provide a predictive biomarker for melanoma patients treated
with immune checkpoint blockade.

Methods

This study examined clonotypic diversity and T cell persistence in
peripheral blood mononuclear cells (PBMC) freshly cryopreserved
(TO) and in PBMC expanded as mass cultures with (MT) or without
(wild-type (WT)) 6-thioguanine selection in a metastatic melanoma
patient who achieved a durable antitumor response following treat-
ment with intratumoral a-gal glycolipid injections (IT-AG) followed by
Ipilimumab (Ipi). IT-AG (0.1 mg/injection every 4 weeks for 2 doses)
was initially administered, and Ipi (3 mg/kg (capped at 125 kg)/dose
every 3 weeks for 4 doses) was then administered 4 weeks later at a
time of disease progression. Blood samples were obtained before
and 4-weeks after IT-AG as well as 1-, 4-, and 13-months post-Ipi. TCR
beta chain (TRB) repertoire of TO, MT and WT were examined via 5’
RACE and lllumina MiSeq sequencing. TRB repertoire of T cells from a
tumor sample obtained ~20 months prior to IT-AG (T-TO) was also
evaluated. TRB were collapsed to identical nucleotide sequences to
enumerate T cell clones.

Results

Expanded or activated T cell clones, defined by sequences with iden-
tical TRB, were detected in T-TO as well as in TO, WT, and MT at each
of the 5 time points. The range of TRB sequences was as follows: TO:
47,602-58,588 (median 54,284); WT: 49,799-58,896 (median 52,277);
MT: 35,527-58,217 (median 49,035), and 51,713 in T-TO. The range of
distinct TRB amino acid sequences was as follows: TO: 4,682-9,644
(median 5,993); WT: 2,083-4,573 (median 2,702); MT: 84-182 (median
154), and 1850 in T-TO. Clonotypic diversity, measured as the number
of unique TRB nucleotide sequences, was substantially reduced in
MT compared to either WT or TO at each time point. Numerous TRB
matches were observed between MT and WT and TO, as well as
between T-TO and MT, WT and TO. The patient achieved a durable
antitumor response, and several TRB persisted in this patient over a
four-year span. Some TRB from this study matched TRB from the lit-
erature with defined melanoma specificity.

Conclusions

MT from melanoma patients are enriched for proliferating and/or ac-
tivated T cells and merit additional study as a biomarker of response
to immunotherapy.
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Background

Predictive signatures to a-PD1 and a-PD-L1 immunotherapies are ac-
tive research areas. We previously showed that non-small cell lung
cancer (NSCLC) patients with high densities of CD8(+) and PD-L1(+)
cells have improved outcome compared to those with high CD8(+)
or PD-L1(+) cell densities alone [1]. The applicability of this signature
to other indications such as urothelial carcinoma (UC) is uncertain.
The potential prognostic contribution of this signature is also
unknown.

Methods

The predictive potential of the CD8/PD-L1 signature in UC, was
tested in baseline tumor samples obtained from 43 durvalumab-
treated patients in a phase 1/2 clinical trial (NCT01693562).
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To assess the prognostic significance in NSCLC, we analyzed
surgically-resected tumors of 134 NSCLC patients that later received
chemotherapy (non-I0). Tumors were immunostained for CD8
(SP239) and PD-L1 (SP263) using single stains (UC) or a dual immu-
nohistochemistry (IHC) assay (NSCLC). Densities of CD8(+) and PD-
L1(+) cells from IHC stained digitized slides were calculated by the
Definiens Tissue Phenomics Platform for a total of 183 patient
samples.

Results

UC patients with CD8/PD-L1(+) profiles showed improved survival
compared to those with CD8/PD-L1(-) profiles (p<0.06), which may
help to identify patients with beneficial outcome under a-PD-L1
treatment.

Further, non-IO treated NSCLC patients with CD8/PD-L1(+) profiles
did not show improved OS over those with CD8/PD-L1(-) profiles,
suggesting that the CD8/PD-L1 signature is predictive of therapeutic
response to a-PD-L1 in NSCLC patients (Table 1).

Conclusions

Our results demonstrate the value of profiling the tumor and its
immune-contexture by image analysis for discovery of prognostic
and predictive signatures in NSCLC and UC.

Trial Registration

ClinicalTrials.gov Identifier NCT01693562
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Table 1 (abstract P4). Clinical Outcomes

Patient subset Cohort  Treatment n Median OS months (95% Cl) pOS

PD-L1/CD8(+)
Prevalence = 50%, uc 10 22 20(1.9,NR) 0.06
cutoff = 4.627*10%cells?/mm*
PD-L1/CD8(-) uc 10 21 2.3(1.9,3.3)
PD-L1/CD8(+)
Prevalence = 36%, NSCLC Non-10 48 51(30,100) 0.48
cutoff = 4.858*10%cells?mm?*
PD-L1/CD8 (-) NSCLC  NonlO 86 52(30,67)
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Background

Deficiency in mismatch repair occurs in approximately 15-20% of
sporadic colorectal cancer, and to a lesser degree in a variety of
other solid tumors. Mismatch repair deficiency (dMMR) has been as-
sociated with disease prognosis and recently has also been linked
with potential response to the checkpoint inhibitors pembrolizumab
and nivolumab. Defects in the mismatch repair process can be identi-
fied by a number of laboratory procedures including immunohisto-
chemical (IHC) methods to assess expression of the mismatch repair
proteins (MLH1, MSH2, MSH6 and PMS 2), or by using PCR methods
to assess replication fidelity of specific microsatellite sequences in
the genome. Tumor samples are indicated as dMMR when one or
more the MMR proteins are not expressed, or if the tumor tissue has
a high level of microsatellite instability (MSI-H).
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Methods

In this study we compared the performance of the IHC and PCR
methods, to identify colon cancer tumors that demonstrate dMMR. A
series of archival formalin-fixed paraffin-embedded samples were used
in this comparison study. The IHC staining was performed on the Ven-
tana Benchmark XT system with standard detection chemistry. The spe-
cific monoclonal antibody clones were for MLH1 (G168-228, Cell
Marque), MSH2 (G219-1129, Cell Marque), MSH6 (44, Ventana) and
PMS2 (EPR3947, Cell Marque). For the MSI PCR assay the following
microsatellites were evaluated BAT-25, BAT-26, TGF(RIl, D5S346,
D175250 and D25123. The panel contains both dinucleotide and mono-
nucleotide repeat sequences, and includes the loci recommended by
the NCI. PCR fragments were detected by capillary electrophoresis and
fragment analysis was used to determined MSI status. If > 2 loci exhib-
ited evidence of replication defects the sample was considered MSI-H.
Results

In this cohort approximately 40% of the samples showed absence of
tumor staining in either the MLH1/PMS2 or MSH2/MSH6 pathways.
All cases demonstrating the MSI-H phenotype also demonstrated lack
of expression of one of more MMR proteins. The most common pat-
tern of expression was the loss of MLH1 and/or PMS2, which has
been reported as being the most common phenotype in sporadic tu-
mors. For the cases with MMR protein expression, all were consid-
ered MSl-stable by PCR.

Conclusions

This comparison study shows an equivalent performance of the two
commonly used methods for the detection of mismatch repair defi-
ciency. These data are relevant for selecting the appropriate method-
ology to assess dMMR when considering the use of checkpoint
inhibitors for the treatment of solid tumors.
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Background

In many tumors, extracellular adenosine contributes to an immuno-
suppressed micro-environment (TME) via activation of the A,, recep-
tor, expressed on lymphocytes, and the A,, receptor, expressed on
myeloid cells. Relative to other tissues like the brain, adenosine con-
centrations in the TME are much higher. Tumors also contain higher
levels (~3%) of albumin, to which many drugs bind non-specifically.
These factors adversely affect anti-tumor efficacy of drugs previously
designed as CNS drugs.

AB928 is a novel, selective, and highly potent small-molecule dual antag-
onist of AR and AR designed to minimize potency loss associated
with non-specific albumin binding. Consequently, AB928 blocks the acti-
vation of the A,,R and A,,R receptors at high adenosine agonist concen-
trations, even in the presence of high levels of albumin.

Methods

The activation of A,,R and A,,R (Gs-coupled receptors) increases
intracellular levels of cAMP and subsequent phosphorylation of the
CREB protein, which can be used to determine receptor occupancy/
activation. To assess the potency of AB928 under conditions with
high non-specific protein binding and adenosine receptor signaling,
5mM of synthetic adenosine agonist (NECA) was used to stimulate
CREB phosphorylation in human whole blood (WB). Flow cytometry
was used to quantify AB928-mediated inhibition of CREB phosphoryl-
ation by NECA on CD8* and CD4" T cells, NK and B cells.
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Results

AB928 inhibits NECA-induced phosphorylation of CREB with a po-
tency of 88 nM (n=25) and is more potent than other adenosine re-
ceptor antagonists currently in clinical development (Table 1).
Consistent with AR inhibition, AB928 inhibits CREB phosphorylation
in monocytes. In the mouse, inhibition of CREB phosphorylation was
evaluated using ex-vivo WB assays, allowing for correlation of com-
pound plasma levels with inhibition of phosphorylated CREB, con-
firming 90%+ target inhibition between dose intervals.

Conclusions

In conclusion, AB928 was designed as a best-in-class dual antagonist
of A,,R and A,,R with optimal properties for effective shut-down of
the effects of adenosine in the TME. AB928 is expected to enter clin-
ical trials in late 2017.

Table 1 (abstract P6). Inhibition by clinical stage adenosine receptor
antagonists of NECA (5 uM)-induced CREB phosphorylation in CD8+ T
cells (human WB)

Compound ICs; in human WB (nM)
AB928 88 (n=25)
CPI-444 12,667 (n=2)
AZD4635 2,600 (n=2)
PBF-509 8, 030 (n=2)
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Background

Cancer immunotherapy is one of the most important medical ad-
vances of our time, and the first approach with the potential to gen-
erate long-lasting regressions for all types and stages of cancer.
Development of companion diagnostics for emerging immunother-
apies is more complicated because they are not dependent on driver
mutations in the drug target. Consequently, we need to develop
new strategies for the development of immunotherapies.

Methods

One emerging model is to review multiple immune checkpoints and
other factors within the tumor that may be contributing to immune
exclusion or susceptibility to immune attack. By getting a multifactor-
ial assessment of what is happening within the tumor, investigators
should be better able to derive indicators to rationally deliver individ-
ualized therapy, either monotherapy or combinatorial immunother-
apy. During this review, we will give some examples of how complex
systems approach is supporting the development of new biomarkers
and potentially companion and complimentary diagnostic tests.
Results

We will review some examples of the complex systems approach
such as: a cytokine profile determined by data-mining analysis to set
into clusters non-small-cell lung cancer patients according to progno-
sis; a multiscale computational model for spatio-temporal tumor im-
mune response and an IFN-g gene expression signature to correlate
with clinical outcomes in PD-L1-treated advanced non-small-cell lung
cancer and urothelial carcinoma patients.
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Conclusions

o The field of immune-biomarkers aims to characterize this on-
going interaction between the immune system and cancer

o The interplay of these individual elements determines the
balance of immune activation versus suppression

o As components and regulators of the immune response,
multiple immune-biomarkers, include cell surface proteins, se-
creted proteins or peptides, and tumor-infiltrating immune
cells

o We need to redouble our efforts to be more sophisticated in
our use of the powerful technologies at our disposal

e Combining drugs based on increasingly well-understood mo-
lecular interactions and attacking complementary cancer hall-
marks or distinct cell populations in heterogeneous tumors, is
now imperative

® As a result, in the near future, we will develop multiple
biomarkers on different samples using different platforms
which will result in an integrative lab tests and serial testing
which will provide added clinical but, also epidemiological
value.

e These next generation of immuno-oncology biomarkers will
achieve different questions related with the outcome such as
the treatment response, survival and toxicity, must probably at
the same time
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Background

In colorectal cancer (CRC) the stage of the tumor at the time of diag-
nosis is considered to be the most important predictor of survival.
Several non-invasive diagnostic tests for CRC are in development
most focusing on detection of soluble macromolecules or circulating
tumor cells. Here, we are exploiting the ATLAS™ technology, with the
ability to identify an individual’s T cell recall responses to putative an-
tigens, for profiling tumor-associated antigen (TAA)-specific T cell re-
sponses in CRC patients.

Methods

T cell responses to 23 common TAAs previously implicated in CRC
were profiled using the ATLAS technology. Libraries composed of
full-length open reading frames expressed in E. coli alone or together
with listerolysin O, thereby targeting antigen presentation to the MHC
Il or | pathways, respectively, were generated. Peripheral blood mono-
nuclear cells (PBMC) were isolated from 50+ subjects who were healthy
or suffering from different stages of CRC or adenomatous polyps.
Peripheral CD4" and CD8" T cells were non-specifically expanded using
anti-CD3/CD28 beads and CD14" monocytes differentiated into
monocyte-derived dendritic cells (MDDCs). E. coli libraries were co-
incubated with MDDCs for antigen processing and presentation before
autologous T cells were added and incubated for 21h. Recall T cell
responses were measured through detection of interferon-y and TNF-a
secretion using a Meso Scale Discovery assay. Normalized cytokine
concentrations that differed by >3 median absolute deviations from
the median concentration secreted in response to non-immunogenic
control clones were considered antigen-specific T cell responses.
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Results

Several TAAs were identified for which specific T cell responses were
detected in CRC patients of all stages. The breadth of response var-
ied between individuals, but a strong enrichment of recall responses
was observed to a subset of TAAs in CRC patients, to which T cell re-
sponses were not detected in healthy individuals. These responses
could be attributed to both CD4* and CD8" T cell subsets and ap-
peared to be Th1-polarized based on the predominant secretion of
IFN-y.

Conclusions

ATLAS is a highly suitable platform to profile TAA-specific T cell re-
sponses in CRC patients despite its classification generally as a tumor
type with relatively low immunogenicity. The potential emergence of
a specific T cell response profile to a subset of TAAs may open the
possibility for the development of a blood-based assay to support
early detection and diagnosis of CRC. We are currently investigating
the utility of the identified immune signature in detection of pre-
malignant stages and whether it is associated with progression to
malignancy.
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Background

Historical tissue samples are typically stored in such a way that make it
difficult to access single cell TCR or BCR receptor pairing sequence in-
formation, such as samples stored as FFPE slides or tissue stored in Tri-
zol or RNAlater. However, interrogating the bulk TCR or BCR repertoire
of these samples is possible by extracting total RNA from such tissue
slices or appropriately stored tissue. However, the information regard-
ing the cognate pairing of the alpha and beta chains is lost. We wanted
to see if it was possible to identify the most likely paired alpha-beta re-
ceptor sequences which likely match the historical tumor infiltrating
lymphocyte TCR beta repertoire using circulating PBMCs.

Methods

As part of a longitudinal study, we sequenced the human TCR beta
CDR3 fragments from a patient’s breast cancer tissue six years ago.
The patient’s peripheral blood TCR beta repertoire has been exam-
ined every 6-9 months since surgical resection by amplifying CD14-
CD8-CD4+ T cells and various sorted T cell subsets using arm-PCR.
Single cells from this patient were recently amplified using iPair-
TCR™ technology directly from the sorted cells. Identified TCR-beta
CDR3 regions were used to compare to the longitudinal data sets.
Results

Three matching TCR beta sequences to bulk TIL data were identified
from 104 sorted single cells. Two of these were private (meaning not
shared with any of our database of 75 million CDR3 beta sequences),
and one of these contained a paired alpha chain. The third sequence
was considered a very public CDR3, meaning that it is present in
many of the TCR beta repertoires analyzed within our database.
Conclusions

Further single cell experiments are being performed to identify more
potential pairs matching the TIL data, including additional detailed
phenotyping of the circulating lymphocytes. The ability to match
paired receptor chains to archived data contained within banked tis-
sue is promising and has important implications for therapeutic
development.
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Background

EMT is a dynamic process in which epithelial cells acquire traits of
mesenchymal cells. It has been known to drive metastasis and drug
resistance during progression of cancer, while it is also associated
with poor prognosis in cancers such as NSCLC. Though it has been
suggested that EMT may contribute to immune escape, a clear rela-
tionship is yet to be established [1].

Methods

Gene expression data was obtained from the TCGA database, which
contained mRNA-seq expression data of lung adenocarcinoma
(ADCC,n=515) and squamous cell carcinoma (SqCC,n=501) patients.
The mRNA z-score of 812 immune metagene signatures from previ-
ous studies were evaluated using Gene Set Enrichment Analysis
(GSEA) [2]. Any immune cell types with a false discovery rate (g-
value) <10% were considered as positive infiltrations, and 31 distinct
immune cells were analyzed in each tumor sample. The immune
landscape of EMT in NSCLC was studied by calculating EMT scores by
subtracting the average expression level of ‘epithelial’ genes (n=5)
from ‘mesenchymal’ genes (n=24). The tumor samples were subse-
quently classified as EMT-high (EMT scores >highest1/3) or EMT-low
groups (EMT scores <lowest1/3).

Results

There was a significantly lower infiltration of activated CD8 cells in
EMT-high groups compared to EMT-low groups in both ADCC and
SqCC (p=<0.001, 15.7%; 37.2%, p=<0.001, 15.5%, 40.5% respectively),
as well as decreased infiltration of activated CD4 cells (p=0.161,
25.0%; 31.2%; p=<0.001, 26.8%; 48.2%) (Fig. 1). Effector memory CD4
cells showed significantly lower infiltration in both EMT-high groups
of NSCLC (p=<0.001, 3.5%; 16.8%, p=<0.001, 3.6%; 16.7%). EMT-
scores showed an inverse relationship with infiltrating immune cells,
most notably by activated CD8 cells. Increased expression of mesen-
chymal genes (VIM, ZEB1, ITGB6, etc.) in both ADCC and SqCC re-
sulted in significantly lower infiltration of activated CD4/CD8 cells.
However, increased expression of epithelial genes (COL5A1, TJP1)
also resulted in significantly lower infiltration of CD8 cells in NSCLC.
A significant positive correlation between immunosuppressive cyto-
kine, IL-10 expression and EMT was found in both NSCLCs
(p=<0.001). Other cytokines with immunosuppressive functions that
showed a significant positive correlation with EMT among others
were TGF- and ADCC. EMT-score, or infiltration of CD8 cells among
EMT-high/low groups did not show any significant differences in
overall survival (OS).

Conclusions

We report for the first time, the association between EMT-score and
decreased infiltration of activated CD8 cells in both NSCLCs. This may
be related to increased expression of immunosuppressive cytokines
such as IL-10 or TGF-B. Markers of immune exclusion such as EMT
scores may be potential biomarkers that predict resistance to
immunotherapy.
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Background

It is well known that the WNT/B-catenin pathway promotes cell pro-
liferation which is associated with tumorigenesis. While many mecha-
nisms of tumorigenesis have recently been elucidated, one which
has particularly garnered attention is the immune escape mechanism
[1]. The correlation between WNT/B-catenin pathway and immune
escape has been investigated in several cancers including melanoma.
However the relationship in lung cancer is still largely unknown.
Methods

In this study, TCGA data of 515 samples of lung adenocarcinoma
(ADCC) and 501 samples of squamous cell lung carcinoma (SqCC)
were utilized for analysis of immune landscape and gene expression
scores. 17 promotor genes of WNT/B-catenin pathway (CTNNBI1,
DVL1, EP300, LRP6, etc.) and 8 suppressor genes of WNT/B-catenin
pathway (AMER1, APC, AXIN1, etc.) were utilized for the analysis. The
expression score of WNT/B-catenin pathway was calculated by sub-
tracting the average of suppressor gene mRNA expression from the
average of promotor gene mRNA expression. The tumor samples
were then divided into ‘low WNT/B-catenin expression group’(WNT/
B-catenin pathway expression scores<lowest1/3), and 'high WNT/(3-
catenin expression group'(WNT/B-catenin pathway expression
scores>highest1/3) according to their level of gene expression
scores. For immune landscape, Gene Set Enrichment Analysis
(GSEA) was utilized to analyze the mRNA z-score of 812 immune
metagene signatures from previous studies [2]. Positive infiltration
was considered as any immune cell type with a false discovery rate
(g-value) equal to or less than 10% and 31 types of immune cells
were analyzed for each tumor sample.
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Results

We found that in both ADCC and SqCC, the high WNT/B-catenin
score group showed lower infiltration of activated CD8 T cell
(p=0.006, <0.001 respectively) (Fig. 1). We also found a negative cor-
relation between WNT/B-catenin pathway and the expression of im-
mune stimulatory cytokines such as IL-2, IFN-gamma in ADCC
(p=0.003, 0.029 respectively), whereas SqQCC showed a negative cor-
relation between WNT/B-catenin pathway and the expression of the
immune stimulatory cytokines such as IL-2, IFN-gamma and IL-
12(p=0.008, 0.041, 0.018 respectively). The expression of immune
suppressive cytokine such as TGF-3 showed positive correlation with
WNT/B-catenin pathway (p=0.011 for ADCC, <0.001 for SqCC).
Conclusions

We report for the first time that immune exclusion by WNT/B-catenin
pathway may also occur in NSCLC. The WNT/B-catenin pathway is as-
sociated with lower immune stimulatory cytokine secretion, which
leads to lower infiltration of activated CD8 T cell. Such findings sug-
gest that WNT/B-catenin pathway may serve as a potential biomarker
for predicting resistance to immunotherapy.
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Background

The cellular processes that govern T cell activity at the tumor-
immune interface involve many different proteins. To better under-
stand these processes, and identify biomarkers of efficacy and
toxicity, comprehensive analysis will be needed, through the meas-
urement of as many T cell related proteins as possible. In this ab-
stract, we introduce state-of-the-art, 30-parameter flow cytometry
technology for use in immunotherapy research and immune moni-
toring, and describe the first studies applying this technology to
studies of peripheral blood and tumor tissue.

Methods

We developed the first 30-parameter flow cytometry panel focused
on the expression of checkpoint molecules. The panel includes CD45,
CD3, CD4, and CD8 (to identify major T cell lineages); CD45R0O, CCR7,
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CD27, CD28, CD57, CD95, and CD127 (markers of T cell differenti-
ation); PD1, ICOS, CTLA4, LAG3, TIM3, TIGIT, VISTA, GITR, 41BB, and
2B4 (immune checkpoint molecules, involved in T cell exhaustion);
CXCR3, CXCR6, and CD103 (trafficking markers); CD25, CD69, and
HLA-DR (immune activation markers); and a viability dye (to exclude
dead cells from analysis). We also developed a 30-parameter panel
that quantifies major cell lineages (T, B, NK, myeloid, dendritic) and
their subsets (naive, central memory, effector, plasma, etc.). These
panels were applied to peripheral blood and resected tumor tissue
from glioblastoma multiformae (GBM) patients, in order to compre-
hensively define the types of cells present in patient peripheral blood
and tumors.

Results

We could clearly identify populations of cells expressing and not ex-
pressing each marker. We developed new technical approaches to
ensuring robust data analysis, and novel bioinformatics approaches
that are easy to understand and accessible to researchers. This will
allow broader adoption of this technology. Analysis of GBM tumor
tissue revealed about 10 unique subsets of cells, some of which are
not found in peripheral blood. Notably, we could easily identify cell
types expressing checkpoint molecules that are current therapeutic
targets, and define cells expressing combinations of those targets -
or importantly - none of those targets (Fig. 1). Further analysis
allowed comprehensive characterization of these cells, to identify
their differentiation status, activation status, and trafficking markers.
Conclusions

The technology and approach we have developed will be broadly ap-
plicable to phenotyping and monitoring immunotherapy in cancer pa-
tients. The technical platform has a number of advantages over other
approaches (such as mass cytometry and RNA sequencing), and can be
a central technology in precision oncology efforts, which will depend
on complete and comprehensive characterization of cells.

T-sne Analysis of GBM Tumor T-cells

Fig. 1 (abstract P12). T-sne analysis of T cells from GBM tumors
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Background

Checkpoint inhibitor blockade can result in robust and durable anti-
tumor responses in many cancers. However, only a subset of patients
experience long-term clinical remissions. Identifying determinants of
response to cancer immunotherapy is critical for extending thera-
peutic benefit to more patients. Atezolizumab (anti-PD-L1) was ap-
proved in the US for the treatment of mUC based on the single-arm
Phase Il study IMvigor210 (NCT02108652). Here, we examined the
biology underlying primary immune escape and responsiveness to
anti-PD-L1 in patients from IMvigor210.

Methods

Cisplatin-ineligible patients previously untreated for mUC or patients
who progressed post-platinum therapy received atezolizumab (1200
mg IV g3w). In both cohorts, RECIST v1.1 objective response was a
primary endpoint evaluated in all patients and in PD-L1 expression
subgroups on tumor-infiltrating immune cells (IC; VENTANA SP142
IHC assay). Exploratory analyzes in evaluable pre-treatment tissues in-
cluded CD8 IHC, whole-transcriptome RNA sequencing, gene set en-
richment analyzes and Lund subtyping. A FoundationOne panel was
used to estimate tumor mutation burden (TMB), and whole-exome
sequencing data were used for neoantigen prediction. EMT6-grafted
BALB/c mice treated with anti-TGF-B and/or anti-PD-L1 antibodies
were evaluated for tumor growth inhibition and characterization of
tumor microenvironment phenotypes.

Results

PD-L1 IC expression and clinical response were positively associated
with a CD8+ T-effector expression signature (P < 0.001 and P = 0.0087,
respectively); patients with complete responses had higher T-effector
signatures than did partial or non-responders (P = 0.002). Response was
also strongly associated with high tumor mutation and neoantigen bur-
den (P < 0.001 each). Likewise, response was positively associated with
the genomically unstable molecular subtype (P < 0.001) and pathways
involved in proliferation and DNA damage response. Further, non-
responsiveness correlated with expression of a 2-gene TGF- signature
(P < 0.001), particularly in patients with CD8+ T cells predominantly in
the collagen-rich matrix surrounding tumors (immune-excluded tumor
phenotype; P < 0.001). Addition of anti-TGF- to anti-PD-L1 in the
mouse promoted T cell localization to immune-excluded tumors and
reduced tumor growth in vivo.

Conclusions

Pre-existing T cell immunity and TMB are associated with response to ate-
zolizumab in mUC, whereas TGF-f signaling in the stroma is a negative in-
dicator of response, especially in immune-excluded tumors, a common
phenotype of mUC. Integration of these 3 independent biological features
provides a strong basis for understanding clinical outcomes in this setting
and suggests that TGF-8 can interact with the tumor microenvironment
to restrain responsiveness to anti-PD-L1 and anti-tumor immunity.

Trial Registration

ClinicalTrials.gov Identifier NCT02108652
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Background

Monoclonal antibodies directed at the inhibitory immune receptors
have emerged as successful treatment options for numerous tumor
types using both mono and combination modalities. However, re-
sponses are not universal and better predictive biomarkers are
needed to support precision immunotherapy. We present the find-
ings from patients tested by Immune Report Card (IRC), a validated
clinical assay that measures immunotherapeutic targets and immune
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response cycle markers to provide a complete profile for appropriate
selection of immunotherapy.

Methods

300 FFPE cancer samples from patients with diverse histologies were
evaluated by IRC using 5 test modes. RNA-seq measures transcript
levels of genes related to T cell receptor signaling and tumor infiltrat-
ing lymphocytes, DNA-seq is used to estimate mutational burden,
MSI-PCR to assess microsatellite instability, Fluorescent in situ
hybridization (FISH) to detect PD-L1/2 copy number gain, and FDA-
approved Immunohistochemistry to measure PD-L1 protein expres-
sion and pattern of expression for PD-L1, CD3, and CD8. Results are
interpreted and summarized in an integrated report that comprehen-
sively characterizes the tumor microenvironment to assess likelihood
of response.

Results

At least one over expressed marker associated with either an FDA ap-
proved checkpoint inhibitor or combination immunotherapy clinical
trial was identified for more than 80% of patients. Among PD-L1 IHC
negative patients, the majority overexpressed at least one target with
therapies in clinical development. Frequently overexpressed genes
with targets in clinical development were identified for anti-
inflammatory response (TGFB1, IL10), myeloid suppression (CSF1R),
checkpoint blockade (PD-L1, LAG3, TIM3), T cell primed (GITR, OX40,
CD40, CD137, ICOS), metabolic immune escape (IDO1) and pro-
inflammatory response (IL1B, TNF) phenotypes. Conversely, tumors
with low overall immune related expression (i.e. immune deserts),
often exhibited high expression of a single marker with a pertinent
clinical trial therapeutic opportunity.

Conclusions

Each of the 5 IRC test modes is necessary for determining the overall
likelihood of patient response to FDA approved checkpoint inhibi-
tors. Comprehensive profiling by IRC allows for the identification of
patients with over expression of markers with therapeutic targets in
clinical development, providing options for patients who are PD-L1
IHC negative. The results also highlight immune phenotypes with
therapeutic targets beyond checkpoint blockade, suggesting a com-
plex tumor microenvironment in many tumors. As immune therapy
moves from treatment of last resort to first and second line treat-
ment, IRC can provide actionable results for the total tumor immune
microenvironment.
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Background

Immunotherapy using checkpoint blockade with monoclonal anti-
bodies has gained increasingly high importance in treatment for can-
cer patients. However, a large proportion of cancer patients do not
highly express primary cancer immune biomarkers such as PD-1/PD-
L1, MSI, and mutational burden, which have been associated with re-
sponse. Here we present immune-related expression signatures for
patients that present with an immune desert phenotype, distin-
guished by lack of CD8 positive T cells and characteristic T cell recep-
tor signaling expression levels. As part of our clinical immune cell
analysis assay, Immune Report Card (IRC), we identified secondary
immune biomarkers that are singularly expressed in the otherwise
non-inflamed tumor microenvironment and are potential clinical im-
munotherapy targets.
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Methods

167 formalin-fixed, paraffin-embedded (FFPE) cancer samples of di-
verse histologies were evaluated by the RNA-seq component of IRC
to measure transcript levels of genes related to T cell receptor signal-
ing and tumor infiltrating lymphocytes. Resultant data was QC fil-
tered, normalized and ranked based on an assorted reference
population of various tumor types. Gene signatures were determined
using these ranked expression values with a rank value > 85th per-
centile considered high. Tumors are also defined as inflamed or non-
inflamed based upon RNA-seq analysis of CD8, wherein, Tumors in
upper 50th percentile of rank for CD8 are considered inflamed, while
those in the lower 50th percentile are considered non-inflamed.
Results

The immune desert phenotype represented 28% (n=47) of the tested
samples. 95% (n=45) tumor were non-inflamed (CD8 Rank < 50). 51%
(n=24) of all samples did not express any gene at a high level. How-
ever, 19% (n=9) of the immune desert phenotype samples have po-
tential for monotherapy targets and another 19% (n=9) have
underlying biology indication for combination therapy based on the
high expression of a singular immune-related gene.

Conclusions

Immune Report Card allows for the profiling of the tumor immune
microenvironment to delineate underlying immune biology of solid
tumor samples. With a significant number of non-inflamed tumors
lacking high expression of any immune biomarker, IRC results sug-
gests that an underlying biological immune ignorance state exists in
the tumor microenvironment of many patients. However, IRC could
identify so-called “oasis” targets that could be potentially targeted
with mono or combination immune therapy in the immune desert
phenotype. With the ever-increasing numbers of FDA-approved ther-
apies and clinical trials, IRC offers a robust tool to identify patients
that might benefit from these options.
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Background

Immune checkpoint inhibitors are now used to treat many different
types of cancer, with some patients demonstrating durable clinical
responses. As expected, a significant number of responders express
high levels of primary cancer immune biomarkers such as PD-1/PD-
L1, MSI, or mutational burden. Here we present immune-related ex-
pression signatures for patients with an immune activated pheno-
type that overexpress several pro- and anti-inflammatory genes with
or without primary biomarker detection. These immune signatures
were identified as part of Immune Report Card (IRC), a comprehen-
sive molecular and immunological assay that uses five testing modes
to detect several known markers of the host anticancer immune
response.

Methods

167 formalin-fixed, paraffin-embedded (FFPE) cancer samples of di-
verse histologies were evaluated by IRC to measure transcript levels
of genes related to T cell receptor signaling and tumor infiltrating
lymphocytes (RNA-seq) and mutational burden (DNA-seq). Resultant
data was QC filtered, normalized and ranked based on an assorted
reference population of various tumor types. Gene signatures and
mutational burden were determined using these ranked values with
a rank value > 85th percentile considered high. Tumors are also
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defined as inflamed or non-inflamed based upon RNA-seq analysis of
CD8. Tumors in upper 50th percentile of rank for CD8 are considered
inflamed, while those in the lower 50th percentile are considered
non-inflamed. RNA-seq analysis of CD8 had been previously cali-
brated against quantitative image analysis using the Aperio platform.
Results

The immune activated phenotype represented 20% (n=35) of the
tested samples, of which 32 were inflamed (91%). 31% (n=11) of
these samples had co-expression of the primary immune biomarker
PD-L1 or demonstrated a high mutational burden. However, 66%
(n=23) of the immune activated tumors were primary biomarker
negative but instead expressed multiple secondary immune bio-
markers that are potential checkpoint inhibitor therapy targets.
Conclusions

Immune Report Card profiles the tumor immune microenvironment
to outline the immune biology of tumor samples. IRC is not only able
to identify samples with highly expressed primary immune bio-
markers such as PD-L1, MSI, or mutational burden, but using RNA-
seq can also identify secondary biomarkers in many samples. These
secondary biomarkers shed light on the underlying biological
immune-state of the tumor microenvironment, potentially identifying
additional mono or combination immunotherapies in PD-L1 negative
inflamed tumors. With the ever-increasing numbers of FDA-approved
therapies and clinical trials, IRC offers a robust tool to identify pa-
tients that might benefit from these options.
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Background

Absence of tumor infiltrating lymphocytes in the tumor proper, re-
ferred to as the immune-excluded phenotype, has been directly de-
scribed in the peer-reviewed literature for colorectal cancer, but
indirectly for melanoma and other solid tumors in the field of im-
munotherapy discussions. As part of our clinical immune cell analysis
using a New York State CLEP approved assay, Immune Report Card
(IRC), we routinely perform CD8 and CD3 immunohistochemistry
(IHC) to determine the infiltrating versus the non-infiltrating (ex-
cluded) phenotype for all tumor types.

Methods

For all tumor types tested including carcinoma, sarcoma, and melan-
oma the immune-excluded phenotype is defined as a restriction of
more than 95% of all CD8+ T cells present in a tumor tissue section
to the periphery or interstitial stromal areas and not actively invading
nest or groups of neoplastic cells. Tumors are also defined as in-
flamed or non-inflamed based upon RNA-seq analysis of CD8 from
the same tissue section and comparison to a reference population of
several hundred prior analyzed samples. Tumors in upper 50th per-
centile of rank for CD8 gene expression are considered inflamed,
while those in the lower 50th percentile are considered non-
inflamed. RNA-seq analysis of CD8 had been previously calibrated
against quantitative image analysis using the Aperio platform. A total
of 100 consecutive samples tested, excluding colorectal cancer, were
evaluated for the excluded infiltrate phenotype.

Results

The immune-excluded phenotype was identified in all tumor types
with the most frequent association seen in lung cancer and the least
frequent being melanoma. The immune-excluded phenotype was
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more common in non-inflamed tumors with a direct correlation to
CD8 rank, but was also seen in some moderate to highly inflamed tu-
mors. The most common histological pattern of the immune-
excluded phenotype was restriction of CD8+ T cells to the interstitial
stromal areas.

Conclusions

The immune-excluded phenotype does occur in tumor types other
than colorectal cancer. Providing a precisely defined nomenclature
and method of testing for the immune-excluded phenotype in in-
flamed and non-inflamed tumors is important for both clinical and
research purposes.
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Background

The mutation load of somatic non-synonymous variants (ML) is associ-
ated with response to anti CTLA-4 and PD-1/PD-L1 immunotherapies
in select tumors, likely because neoepitope formation is not subject
to central immune tolerance. An IFNy gene expression profile (GEP)
characteristic of a tumor T cell inflamed environment is also related to
response to anti PD-1/-L1 therapy. ML and GEP have been reported as
predictive in a pan-tumor setting and in HNSCC. This study evaluated
relationships between ML and response, independent predictive value
of ML, GEP and PD-L1 IHC in patients with gastric cancer treated with
pembrolizumab monotherapy, and the association of response with
TCGA molecular subtypes (MSI, EBV, CIN, and GS).

Methods

Whole exome sequencing (WES) and GEP were assessed in FFPE
tumor specimens from previously treated patients with gastric cancer
from KEYNOTE 059 cohort 1. ML, neoantigen load (NL), EBV status,
and clonality were assessed by state-of-the-art WES analytics. GEP
score is a weighted sum of normalized expression values of 18
genes. Molecular subtypes were determined using DNA genomic fea-
tures. Statistical testing of ML and response, ML and GEP or PD-L1 re-
lationship in EBV-negative patients, and association with molecular
subtypes were pre-specified.

Results

85/259 patients (33%) had WES results, 76 of which had GEP results
and 84 of which had PD-L1 results. There were 7 responders (CR or
PR) and 78 non-responders. Five patients were identified as EBV-
positive (EBV+), 3 as MSI-H, 45 as CIN, and 32 as GS. All MSI-H pa-
tients and no EBV+ patients were responders. For non-MSI-H re-
sponders (n=4), response was not significantly associated with the
remaining TCGA subtypes EBV, CIN and GS. In EBV-negative (EBV-)
patients, association between ML and objective response (OR) was
statistically significant (p= 7E-4; AUROC 0.83). ML was not signifi-
cantly correlated with either GEP or PD-L1. In a joint model, ML was
significantly associated with response after adjusting for GEP (p=4E-3)
or PD-L1 (p=2E-3) in EBV- patients. NL and clonality-weighted ML
were also significantly associated with response in EBV- patients
(p=2E-3 and 8E-4, respectively).
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Conclusions

As reported in other indications, ML and GEP or PD-L1 were inde-
pendently predictive of response to pembrolizumab monotherapy in
gastric cancer. This suggests that ML and GEP or PD-L1 may help
characterize responses to anti PD-1 therapies and novel treatment
regimens in gastric cancer.

Trial Registration

ClinicalTrials.gov Identifier NCT02335411
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Background

The tumor microenvironment comprises complex interactions between
infiltrating immune cells and tumor cells. Understanding these interac-
tions may provide valuable insights into mechanisms of response and
resistance, and aid clinical decisions. In the present study, immune cell
densities and PD-L1 expression in NSCLC samples were quantified to
determine immune status of each sample prior to conducting sophisti-
cated spatial analyzes to establish the proximity and ratio of cytotoxic
T cells and regulatory T cells to tumor expression of PD-L1.

Methods

Serial sections of formalin-fixed paraffin-embedded NSCLC samples
(n=9; Tissue Solutions, Glasgow, UK) were stained immunohistochemi-
cally using well validated assays for CD3, CD8, Foxp3 and PD-L1. Whole
slide digital images were generated and viable tumor regions anno-
tated by a clinical pathologist. The immune profile of each sample was
established by applying digital image analysis tools available in the
Indica Halo™ platform to determine immune cell densities and PD-L1
expression. Selected images were subsequently registered and spatial
analyzes between immune components performed.

Results

Tumor membrane PD-L1 scored by a pathologist ranged from 0% to
90% positivity with variable intensity of staining. Digital image ana-
lysis of PD-L1 using a membrane algorithm coupled with a classifier
tuned to analyze tumor only delivered comparable PD-L1 positivity.
Immune cell densities ranged from minimal infiltration up to 2315,
1512 and 340 cells/mm? for CD3, CD8 and Foxp3, respectively. Vari-
able CD8:Foxp3 ratios were observed ranging from 1.3 to 16.5, and
no direct relationship between immune cell infiltration and PD-L1 ex-
pression was evident. Spatial analyzes of the proximity of CD8 and
Foxp3 to PD-L1 revealed samples (n=2) exhibiting 15-20% of cyto-
toxic T cells within 5um of PD-L1 with few adjacent Foxp3+ cells
(CD8:Foxp3 ratio >10.0). In contrast, we identified samples (n=2)
where CD8+ T cells were within close proximity (5um) of the im-
munosuppressive influences of both PD-L1 and Foxp3+ regulatory T
cells (CD8:Foxp3 ratio <2.6).

Conclusions

We have demonstrated using next generation digital image analysis
tools that the potential immunosuppressive influences within close
proximity of cytotoxic T cells within a tumor can be mapped. This ap-
proach has potential to identify tumors where cytotoxic T cells are in
close proximity to PD-L1 and those where cytotoxic T cells may be in
the vicinity of additional immunosuppressive influences, thus identi-
fying patients most likely to benefit from different immunotherapies.
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Background

A correlation between changes in inflammatory/cachexia biomarkers,
tumor shrinkage, and overall survival (OS) has been demonstrated in
patients with urothelial carcinoma (UC) receiving durvalumab [1]. The
current analysis assessed the relationship between inflammatory/
cachexia biomarkers and patient-reported outcomes (PROs), and dif-
ferences in PROs between responders versus non-responders in pa-
tients with UC treated with durvalumab.

Methods

In a phase 1/2, dose-escalation study of durvalumab, Functional
Assessment of Cancer Therapy—Bladder Cancer (FACT-BL) and
the European Organisation for Research and Treatment of Cancer
Quality of Life Questionnaire (EORTC QLQ-C30) were administered
before other procedures at screening, day 1 of doses 1 (di;
baseline assessment), 3 (d29), 4 (d43), 5 (d57), 7 (d85), 9 (d113),
and every 8 weeks thereafter. For 126 patients, the association
between PRO scores and maximum percent changes in tumor
size, albumin level, neutrophil/lymphocyte ratio (NLR), and durva-
lumab clearance from baseline was assessed by Spearman’s
correlation analysis.

Results

Pretreatment FACT-BL scores were similar for responders and non-
responders, with patients reporting relatively high health-related
quality of life (QoL) at baseline. Compared with non-responders,
clinical tumor responders reported statistically significant improve-
ment in FACT-BL total scores (mean change of 17.1 vs -4.13,
P=0.0005), FACT-BL bladder cancer-specific symptoms (mean
change of 58 vs -0.56, P=0.0047), and FACT-BL Trial Outcome
Index (mean change of 143 vs -1.9, P=0.0005) at Day 113.
Sustained improvement in PROs was observed in 43% of the
responders compared with 12%-18% of non-responders. Fifty percent
of patients with a clinical tumor response also reported a clini-
cally meaningful change in UC symptoms at Day 113 using a
threshold based on minimum important difference (MID) defined
as 2 baseline standard deviation, which was sustained over time
(>2 consecutive visits with MID improvement vs baseline). Clinical
tumor responders also showed higher mean scores and improve-
ment from baseline in EORTC QLQ-C30 functional and global
health status/QoL scales.

FACT-BL scores and EORTC QLQ-C30 functioning improvement
were correlated significantly with decreased tumor size, increased
albumin, decreased NLR, and decreased durvalumab clearance
(Table).

Conclusions

PROs were correlated significantly with inflammatory/cachexia bio-
markers and durvalumab clearance in advanced UGC; additionally,
there was a strong correlation between clinical tumor response and
FACT-BL and EORTC QLQ-C30 scores.

Trial Registration

ClinicalTrials.gov Identifier NCT01693562

Reference
1. Powles T, Jin C, Zheng Y, et al. J Clin Oncol. 2017; 35 (suppl; abstr 3035).
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Background

CV9201 and CV9104 represent novel mRNA-based cancer immuno-
therapeutics targeting multiple tumor antigens associated with either
non-small cell lung cancer (NSCLC) or prostate cancer (PC), respect-
ively. We sought to comprehensively profile transcriptional changes
in peripheral blood of cancer patients after repeated mMRNA
treatment.

Methods

Whole-genome transcriptome profiling was performed in blood sam-
ples from 46 patients with localized, intermediate or high risk PC and
samples from 22 stage IV NSCLC patients before and after repeated
intradermal immunizations with protamine-formulated mRNA. The 46
study participants with PC included a cohort of 16 untreated control
subjects. Expression data was analyzed by gene set enrichment ana-
lysis and modular approaches using blood transcriptional modules.
Phenotypic leukocyte analyzes were performed by flow cytometry.
Results

Peripheral blood samples post mRNA treatment were characterized
by an enrichment of various modules consistent with a T and/or NK
cell profile in NSCLC as well as PC patients. Notably, this up-
regulation of effector lymphocyte genes was completely absent in
the PC control subjects. We observed an enrichment of a myeloid
cell signature at baseline compared to samples derived after mRNA
immunotherapy. The T and NK cell gene signature and the myeloid
gene signature were inversely correlated and non-overlapping. Fur-
thermore, correlation analyzes between gene expression data with
findings from the phenotypic analyzes, suggest changes in the cellu-
lar composition of peripheral blood cells after treatment.
Conclusions

The consistent transcriptional up-regulation of T and NK cell modules
in post treatment samples in different cancers and the absence of it
in the untreated control cohort suggest an association with intrader-
mal mRNA immunotherapy including its potential immunostimula-
tory effects.
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Background

Checkpoint inhibitors are revolutionizing cancer therapy but identify-
ing patients which are likely to achieve clinical benefit remains a
major challenge. While relatively simple predictors such as PD-L1 ex-
pression or tumor mutation load have shown promise in predicting
responders in specific cancer types, they fail to explain or predict re-
sponse for many patients, suggesting that a more comprehensive
understating of biology underlying tumor and immune system inter-
actions and immunotherapy response is needed.
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Methods

We developed an integrated machine-learning system that stratifies
cancers using multimodal omics data and associated profiles of
immune infiltration and immune pathway activity. This framework
holistically determines the underlying pathway-level architecture of
genomic and epigenetic alterations in each cancer using a new
Model-based Network-informed Stratification approach (MNS, [1] for
early version). It further uses a multiscale pathway mapping ap-
proach [2, 3] to predict subtype-specific immune-infiltrates, activation
of key immune pathways, and, ultimately, response to checkpoint
inhibition.

Results

The new framework is used to interrogate the tumor-immune system
in colorectal and lung adenocarcinomas. Stratification of 533 TCGA
lung adenocarcinomas into four subtypes (LUAD_MNS4) allows for
reanalysis of pembrolizumab trial data [4] by matching the trial pa-
tients to the LUAD_MNS4 to infer immune infiltration and pathway
activation signatures for each patient and predict patient response to
pembrolizumab (Figure 1). In colorectal cancer, a total of six subtypes
(COADREAD_MNS6) are identified along with subtype-specific pro-
files of pathway mutations and copy-number alterations. Two
subtypes are hypermutated and one (COADREAD_MNS6_S4) is asso-
ciated with high predicted CD8 T cell infiltration. The system also un-
covers subtypes ST and S6 which link WNT/B-catenin pathway
mutations with immunologically cold tumors, suggesting the possi-
bility of a similar mechanism for immune evasion as recently discov-
ered in specific subtypes of melanoma [5].

Conclusions

Comprehensive systems-level interrogation of tumor genomic archi-
tecture and microenvironment may improve our understanding of
tumor-immune biology and allow for more accurate patient stratifica-
tion for immunotherapy.
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Background

Programmed cell death protein 1 (PD-1) is a cell-surface receptor
expressed on T cells. The interaction between PD-1 and its ligand,
programmed death ligand 1 (PD-L1), down-regulates immune re-
sponses. Many cancer types express PD-L1 and, via the PD-1/PD-L1
interaction, evade immune destruction. Antibodies targeting this
interaction are approved treatments for several cancers with a variety
of PD-L1 tests available to measure PD-L1 expression. A systematic
literature review was conducted to evaluate these commercially
available PD-L1 assays, their scoring algorithms and validation data
in bladder/urothelial, lung, gastric, or ovarian cancer.
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Methods

A search was conducted in Medline and EMBASE and supplemented
by abstracts from recent oncology conferences (January 2013 to
November 2016). Studies meeting pre-defined criteria (such as can-
cer types of interest, with validation test data) were extracted and
key trends summarized.

Results

26 primary studies were identified from a total of 950 records. All the
included studies reported data relating to PD-L1 assays in lung can-
cer using immunohistochemistry (IHC) testing; one study also re-
ported on bladder/urothelial cancer. Significant heterogeneity was
reported among the available tests for PD-L1; for example, cut-offs
used by test scoring algorithms to define PD-L1 positivity ranged
from >1% to >50%. Studies also differed as to whether they evalu-
ated tumor cells only and/or tumor-infiltrating immune cells. How-
ever, all assays developed within clinical-trial settings met recognized
acceptance criteria of >90% inter-reader concordance. In head-to-
head comparisons, there was poor concordance between PD-L1 as-
says developed outside of clinical trials compared with companion
diagnostics developed within clinical trial-settings.

Conclusions

Published data on PD-L1 testing relates predominantly to IHC assays
in lung cancer. Review of this evidence suggests the need to develop
standardized testing methods, or, minimally, some common ap-
proach for test scoring processes. The current variability of such test-
ing could be a source of confusion among treating physicians and
might complicate the uptake of effective treatments.
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Background

Promising trial results have led to FDA approval of several drugs that
target programmed cell death protein 1 (PD-1) and its ligand (PD-L1).
However, the predictive value of PD-L1 expression on clinical out-
comes is unclear. Therefore, an SLR was conducted to evaluate evi-
dence on the predictive value of PD-L1 expression in bladder, gastric,
lung, and ovarian cancers.

Methods

The SLR included a search of Medline and EMBASE databases from
1/1/2010 to 15/9/2016 using keywords for PD-L1 paired with terms
related to predictive value and relevant abstracts from recent oncol-
ogy conferences. Studies were selected using pre-defined criteria
and then qualitatively summarized.

Results

The SLR identified 29 primary studies. There was limited evidence on
bladder (n=4), gastric (n=1), and ovarian (n=1) cancer. Bladder cancer
studies showed a trend towards an association between response
outcomes and PD-L1 expression, while results were more variable for
survival outcomes. Most studies (n=23) were related to lung cancer
and were inconsistent. Data for pembrolizumab was most supportive,
showing PD-L1 expression is associated with increased probability of
response across treatment-naive, previously-treated, and advanced
or metastatic patient subgroups. For the other therapies there was
variation across sub-groups. Evidence on the predictive value of com-
binations of biomarkers was limited to two durvalumab studies,
which found improved outcomes when PD-L1 was detected along
with additional biomarkers.

Conclusions

Evidence on the value of PD-L1 as a predictive biomarker is currently
heterogeneous and relates mostly to lung cancer. While some studies
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suggest a correlation between PD-L1 expression and clinical outcomes,
the SLR indicated that PD-L1 expression alone may not identify those
likely to respond to treatment. Factors such as level of expression, cell
phenotype, and variability in testing methods are possible reasons for
these differences. Ambiguity in the validity of PD-L1 tests adds com-
plexity regarding its use as a standalone biomarker. Further research is
needed to explore the relationship between biomarker expression, can-
cer phenotypes, and treatment outcomes.

P26

Certain KIR/KIR ligand genotypes influence patient response to
immunotherapy in neuroblastoma patient

Paul M. Sondel', Amy K. Erbe', Wei Wang', Lakeesha Carmichael’,

Anna Hoefges', KyungMann Kim', Wendy B. London?, Jacquelyn A. Hank',
Mitchell B. Diccianni®, Arlene Naranjo®, Michael D. Hogarty®, Julie R. Park®,
Alice L. YU’

TUniversity of Wisconsin-Madison, Madison, WI, USA; Boston Children's
Hospital/Dana-Farber Cancer Institute, Boston, MA, USA; 3University of
California San Diego, San Diego, CA, USA; 4University of Florida,
Gainesville, FL, USA; *Children's Hospital of Philadelphia, Philadelphia, PA,
USA; SSeattle Children's Hospital, Seattle, WA, USA; “University of
California San Diego, San Diego, CA, USA

Correspondence: Paul M. Sondel (aerbe@wisc.edu)

Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):P26

Background

In 2010, a phase lll randomized trial (ANBL0032; NCT00026312) con-
ducted by the Children’s Oncology Group (COG), found that patients
treated with an immunotherapy regimen of dinutuximab, GM-CSF, IL-
2 and isotretinoin had improved event-free survival (EFS) and overall
survival (OS) compared to treatment with isotretinoin alone. Dinutux-
imab (monoclonal/chimeric anti-GD2 antibody) acts in part via en-
gaging NK cells in antibody-dependent cellular cytotoxicity (ADCC).
Killer Immunoglobulin-like Receptors (KIR) are a family of receptors
expressed by NK cells that can influence their function. The geno-
typic profiles of inhibitory KIR/KIR-ligands have previously been
shown to influence the response of neuroblastoma patients to im-
munotherapy. We investigated whether EFS and OS were associated
with KIR/KIR-ligand genotypes and this immunotherapy regimen.
Methods

Of the 226 pts randomized in ANBL0032, 174 pts had DNA available
to genotype for correlations with outcome (isotretinoin alone: n=86;
Immunotherapy: n=88; >5yr follow-up if no event). KIR gene status
was determined via SYBR green melt curve analysis; KIR-ligands were
determined by PCR-SSP reactions using the KIR HLA Ligand SSP typ-
ing kit (Olerup). Algorithms were used to assess associations of in-
hibitory KIRs with their respective KIR-ligands and clinical outcome.
Log-rank tests and Cox proportional hazards regression models were
used to compare EFS/OS by genotype group; adjustment was made
for non-proportional hazards as needed using time-dependent
covariates.

Results

In this randomized trial of neuroblastoma patients, we found that
certain KIR/KIR-ligand genotypes were associated with significantly
improved outcome for patients receiving the COG immunotherapy
regimen vs. those that received isotretinoin alone; whereas the pa-
tients with the complementary KIR/KIR-ligand genotypes had no sig-
nificant difference in EFS and OS regardless of whether they received
immunotherapy vs. isotretinoin alone.

Conclusions

For this study, certain KIR/KIR-ligand genotypes, but not others, are
associated with improved outcome for patients treated with im-
munotherapy compared to isotretinoin alone. As validation of these
KIR/KIR-ligand findings has not yet been performed in other studies
comparing patients receiving immunotherapy to those not receiving
immunotherapy, further investigation is required. However, if
validated, KIR/KIR-ligand genotyping could potentially be used as a
predictive biomarker, allowing for administration of this COG im-
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munotherapy regimen to those that might best benefit. Enhance-
ments to anti-GD2 mAb-based therapy, based on preclinical and
early clinical data, are being evaluated in efforts to improve its effi-
cacy. Further studies of KIR/KIR-ligand associations with outcome in
subsequent trials of immunotherapeutic regimens for children with
neuroblastoma will be needed to determine the potential clinical
utility of these KIR/KIR-ligand findings.
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Background

Immunotherapy has proven clinical efficacy and tremendous poten-
tial in multiple cancers. Syngeneic mouse tumor models represent
the gold standard to analyze effects of immunotherapy, as they pos-
sess a fully competent immune repertoire. However, the amount and
composition of tumor-infiltrating leukocytes (TILs) is highly variable,
complicating the analysis of individual subpopulations. In particular,
small subpopulations might escape analysis as they could get lost in
the background noise. When working with large cohort sizes, even
immunophenotyping of TILs by flow cytometry is time consuming
and data processing highly work intensive. Therefore, pre-
enrichment of TILs is highly desirable to increase the sensitivity of
analysis and save time and effort during flow cytometry.

Methods

We have established workflows combining tissue dissociation, T cell
isolation and phenotyping. Tumor dissociation was automated using
the gentleMACS™ Octo Dissociator and optimized for epitope preser-
vation. Moreover, isolation of tumor infiltrating T cells was improved
by developing new CD4-, CD8- and Pan-T cell specific enrichment re-
agent for magnetic cell sorting, based on MACS® Technology, direct
from dissociated tumor tissue. Finally, we used optimized panels of
recombinant REAfinity fluorescently-labelled antibodies to phenotyp-
ically characterize tumor infiltrating T cells.

Results

Our workflows were validated in B16.F10, B16-OVA, CT26 and 4T1
mouse tumor models. Optimized tumor dissociation was essential for
isolation of specific sub-populations of tumor-specific T cells. Tumor-
infiltrating T cells were isolated to purities above 80% and yields ran-
ging from 60-95%. Time of downstream analysis was reduced up to
50-fold while enhancing the detection and phenotypic
characterization of T cell subpopulations within the tumor.
Conclusions

Standardized processing of tumor samples and magnetic isolation of
tumor infiltrating T cells greatly reduces time and cost of down-
stream analysis while significantly increasing reproducibility and the
quality of data obtained from TIL analysis.
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Background

While the recent approval of checkpoint inhibitor therapies (CPIs) has
transformed the therapeutic landscape of advanced lung cancer, the
early identification of patients who will benefit from CPIs requires
improvement. In addition to neoantigen-specific responses, the
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success of CPI therapies can in part be attributed to reinvigoration of
T cells specific for tumor-associated antigens (TAAs), providing an op-
portunity to explore using TAA-specific T cell response profiles for
patient stratification. Here we utilized ATLAS™, a high-throughput
antigen discovery platform that can profile autologous CD4* and
CD8" T cell recall responses to putative antigens, to profile TAA-
specific T cell responses in NSCLC.

Methods

Based on literature review, 77 common antigens were selected to be
cloned as full-length proteins in E. coli, either alone or co-expressed
with listerolysin O to facilitate MHC Il and | presentation, respectively.
PBMCs from patients with stage Ill or IV lung cancer, primarily NSCLC,
post-checkpoint inhibitor treatment were analyzed. CD4* and CD8* T
cells were isolated and non-specifically expanded. Autologous CD14*
monocytes were differentiated into monocyte-derived dendritic cells
and co-incubated in an ordered array with the bacterial libraries for
antigen processing and presentation. T cells were added and IFN-y
and TNF-a secretion was quantified in the supernatant after 21h,
using a custom Meso Scale Discovery kit. Significant antigen-specific
recall responses were defined as greater than 3 median absolute de-
viations from the median response to negative control clones.
Results

ATLAS identified broad TAA-specific T cell responses across the co-
hort of lung cancer patients, with a greater breadth of CD8" than
CD4" response, and little overlap between subsets. In addition to T
cell activation, antigen-specific inhibition of T cell activity was also
observed. T cell response profiles were consistent over at least three
weeks in patients for which longitudinal samples were available.
Conclusions

ATLAS is a valuable tool to profile tumor-associated T cell responses
in advanced lung cancer non-invasively, providing the opportunity
for cohort analysis to identify blood-based signatures that correlate
with disease subtype, stage, or responder status to CPl. The
consistency of observations over time supports the reproducibility of
the platform, validating the utility of ATLAS in anti-tumor response
profiling. Future prospective studies will compare T cell response pro-
files prior to and after CPI therapy to define signatures predictive of
clinical response.
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Background

Whole blood immunophenotyping is indispensable for monitoring
immune responses to cancer immunotherapy. We have successfully
introduced an automated liquid handler equipped with a two-
dimensional barcode reader for the cocktail preparation that enabled
us to prepare antibody cocktails for multicolor flow cytometry for
more than 800 fresh whole blood patient samples over last two
years. Although it is reliable, our current workflow takes up 2-3 hours
to prepare cocktails and is not easily scalable to meet an increasing
demand. As a solution, we evaluated the compatibility of custom-
made dried cocktail reagents.

Methods

As brilliant violet dyes are not compatible with the dried reagent for-
mat, we have re-established the staining panels for T cells, B cells, NK
cells, monocytes and dendritic cells with other fluorochromes.
Stained cells are analyzed by CytoFlex (Beckman Coulter).

We will evaluate custom-made dried antibody cocktails based on our
revised immunophenotyping panels, focusing on the comparative
analysis between liquid and dried cocktails for ease of use and the
quality and reproducibility of staining.
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Results

We have successfully reduced from the current 13-color panels to
10-color ones without compromising the ability to detect immune
subsets and their activation status by omitting redundant staining.
The comparative study between liquid and dried cocktails is
underway.

Conclusions

The dried format allows multicolor antibodies to be dried within the
analytical tubes, facilitating their ease of use. Unlike liquid cocktails,
dried cocktails require no refrigeration, titration, or manipulation be-
fore using. Therefore, it not only saves time but also reduces poten-
tial errors and obviates the need to manage individual antibodies.
With a shelf life of at least 12 months, the reagents also offer poten-
tial savings in reagent costs by reducing waste due to expiration or
tandem breakdown in standard liquid formulation.
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Background

Checkpoint inhibition has become a standard of care therapy for ad-
vanced non-small cell lung cancer (NSCLC), but only a minority of pa-
tients achieves a durable response. PD-L1 expression is often used to
identify patients likely to have good outcomes. However, patients
with low PD-L1 expression can have long-term treatment benefit and
this biomarker is dynamic and requires tumor tissue. A less invasive
approach that could provide predictive information regarding treat-
ment outcomes could be useful.

Methods

Pre-treatment blood samples were collected from patients with ad-
vanced NSCLC. Cohort A (n=98) received nivolumab, 3mg/kg every 2
weeks in a compassionate use program, 59% (32%) in 2nd (37
line. Patients in cohort B (n=32) had at least one new or progres-
sing brain metastasis and were treated on a clinical trial with pem-
brolizumab 10mg/kg every 2 weeks. Spectra were generated from
all samples using a sensitive method of MALDI mass spectrometry
and processed to render them comparable. Spectra from cohort A
were combined with clinical data using modern machine learning
methods to create a test able to identify patients likely to have
better or worse overall survival (0OS), as assessed by reliable test
set evaluation methods. The locked test was applied to cohort B,
blinded to all clinical data.

Results

Using mass spectral features associated with acute response and
wound healing, we produced a test able to identify patients likely to
have better or worse OS (HR=0.41, log-rank p=0.005) and
progression-free survival (PFS) (HR=0.56, log-rank p=0.022) within co-
hort A (Figure 1). Test classification was an independent predictor of
OS and PFS in multivariate analysis, with 1 year survival of 66% in
the good outcome group and 36% in the poor outcome group.
Thirty-four percent of patients were classified to the good outcome
group. In cohort B, 25% classified to the good outcome group, which
had 1 year survival of 88%, compared to 24% in the poor outcome
group (Figure 2). The HR for OS between groups was 0.36 (log-rank
p=0.062).
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Conclusions

We developed a blood-based test able to identify patients with ad-
vanced NSCLC likely to have better or worse survival with anti-PD-1
therapy. It showed promise in a validation cohort of patients with
NSCLC with progressing brain metastases. Further validation of the
test in additional, larger cohorts is planned and necessary to assess
clinical utility.

Trial Registration

Clinical Trials.gov Identifier NCT02085070
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Background

Biomarkers identifying who will derive benefit from anti-PD-1 therapy
from pre-treatment parameters would further clinical understanding
of PD-1 blockade and help development of alternative treatments for
patients unlikely to benefit. We evaluate the performance of a serum
proteomic test, BDX008, in metastatic melanoma patients treated
with anti-PD-1 agents and investigate the role of BRAF mutation status.
BDX008, a pre-treatment test associated with acute phase reactants,
wound healing and complement activation, stratifies patients into
two groups, BDX008+ and BDX008-, with better and worse outcomes
on immunotherapy. Following development and preliminary valid-
ation [1], it has been applied to independent cohorts in melanoma
[2] and lung cancer [3].

Methods

Pre-treatment serum samples were available from 71 patients (under
IRB); 70 pre-treated with ipilimumab. BRAF mutations were identified
in 25 patients; 39 were wild type (WT). BDX008 results were gener-
ated by Biodesix blinded to clinical data.

Results

Overall, BDX008+ patients had significantly better OS (HR=0.40
(95%Cl:0.21-0.76), p=0.005) and PFS (HR=0.54 (95%Cl:0.32-0.93),
p=0.027) than BDX008- patients. BDX008 was a significant predictor
of disease control (p=0.002) and trended to significance for response
(p=0.056). Outcomes were numerically inferior for patients with BRAF
mutations (median OS/PFS: 160/85 days for BRAF mutations; 479/181
days for BRAF WT respectively). BDX008+ patients had superior OS
(HR=0.20 (95%Cl:0.07-0.59), p=0.004) and PFS (HR=0.45 (95%Cl:0.21-
0.99), p=0.046) in the BRAF WT subgroup, but not in the BRAF muta-
tion subgroup (0OS: HR=0.62 (95%Cl:0.24-1.59), p=0.318; PFS: HR=0.57
(95%Cl:0.24-1.40), p=0.223), possibly due to smaller sample size.
Conclusions

BDX008 stratified patients into groups with better and worse PFS
and OS. The difference between BDX008+ and BDX008- groups was
consistent across BRAF status, but did not reach statistical signifi-
cance in smaller subgroups. Patients with BRAF mutations may have
worse outcomes than those with BRAF WT with anti-PD-1 agents,
possibly due to prior targeted therapies, and more previous lines of
therapy overall. BDX008 as a possible predictive biomarker warrants
further prospective evaluation
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durvalumab. Myeloid-associated proteins may identify patients with
myeloid cell-regulated resistance mechanisms to immune checkpoint
blockers, which may be further explored as predictive biomarkers for
combination therapy with macrophage-targeting agents.

Trial Registration

ClinicalTrials.gov Identifier NCT01693562
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Background

Durvalumab, a human monoclonal antibody that binds PD-L1, was
recently granted accelerated approval for the treatment of patients
with locally advanced or metastatic urothelial carcinoma (UC) who
have disease progression during or following platinum-containing
chemotherapy. While PD-L1 expression in tumor or infiltrating im-
mune cells has been valuable in the prediction of clinical responses,
new biomarkers and prognostic factors should be investigated to
support precision medicine approaches.

Methods

In a phase 1/2 trial, durvalumab was administered intravenously at
10 mg/kg to 182 patients with UC Q2W for up to 12 months. PD-L1
positivity was defined as >25% expression in tumor cells or tumor-
infiltrating immune cells. Ninety-three serum proteins with inflamma-
tory, growth factor, or metabolic functions were measured by multi-
plex immunoassay in samples from 158 patients prior to durvalumab
treatment.

Results

Univariate analysis identified IL8, CRP, and IL6 to be the most signifi-
cant prognostic factors among all measured proteins for overall sur-
vival (OS) of UC patients receiving durvalumab (log-rank P<0.00001).
Their baseline concentrations were significantly higher in progressive
disease (PD) compared with stable disease (SD), complete or partial
responders (Kruskal rank sum P<0.01). Fast progressors (n=36) who
received only 1-2 doses of durvalumab demonstrated higher baseline
levels of the 3 proteins versus progressors who stayed on treatment
for >2 doses of durvalumab (n=60; Mann-Whitney P<0.001). Similarly,
higher macrophage colony-stimulating factor (M-CSF) levels were as-
sociated with shorter OS and PD. In contrast, higher IFNy-inducible
proteins, CXCL9 and CXCL10, were associated with longer OS, along
with TNF-related weak inducer of apoptosis (TWEAK). Using Cox step-
wise proportional hazards modeling, we evaluated the impact of pro-
tein markers, PD-L1 status, and various clinicopathological factors on
OS for 120 patients with complete data for all variables measured.
IL8 levels above median showed the highest hazard ratio (HR=5,
P<0.001), while CRP and IL6 were no longer associated with OS when
the effects of other factors were taken into account. CXCL9 and
TWEAK levels below median had HRs of 3.4 (P<0.001) and 2.9
(P=0.002), respectively, in the multivariate model, which also included
low albumin levels (HR=4, P<0.001), liver metastasis (HR=3, P=0.001),
and low PD-L1 (HR=2, P=0.03).

Conclusions

Our results demonstrate the association of high serum concentra-
tions of myeloid cell-associated proteins and low concentrations of
IFNy-inducible proteins with shorter OS in UC patients receiving
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Background

CD200 (OX-2) is an immune checkpoint protein expressed by a num-
ber of immune cells (e.g. B-cells, T cells, macrophages), and non-
immune cells, (e.g. endothelial cells, neurons). CD200 binds to its re-
ceptor (CD200R) expressed on antigen-presenting cells and T cells,
and is believed to play an important role in normal immune homeo-
stasis. Overexpression of CD200 by tumor cells implicates CD200 in
tumor-mediated immunosuppression and regulation of anti-tumor
activity. Samalizumab is a fully humanized therapeutic monoclonal
antibody against CD200 and its binding to CD200 disrupts the im-
munosuppressive CD200-CD200R interaction. Samalizumab is cur-
rently under investigation in two Phase 1 trials in patients with acute
myelogenous leukemia and solid tumors (NCT02987504 and
NCT03013998).

Recent evidence suggests that the presence of immune effector cells
within tumors is critical for clinical response to immune checkpoint
therapy. Similarly, the expression of the immune modulatory target
within the tumor may correlate with response to therapy. The pur-
pose of this study was to identify tumor types which may be most
sensitive to samalizumab, based on CD200 expression and the pres-
ence of immune effector cell populations within the tumor.

Methods

Publically available tumor gene expression data* was mined to
evaluate CD200 expression in multiple tumor types and to de-
velop an immune cell gene signature that may correlate with
response to samalizumab. To confirm the gene expression data,
we analyzed a series of adult and pediatric tumor sections by im-
munohistochemistry for expression of CD200 and the infiltration
of immune cells.

Results

Gene expression values for CD200 were described as the percentage
of samples with expression higher than the median for the set of all
tumors. A “samalizumab competent” gene signature was developed
from genes which co-correlate with CD200R expression across tumor
types, and includes markers of T cells and macrophages; this
signature was used to identify tumor types which harbor CD200R-
expressing immune infiltrates that may mediate sensitivity to samali-
zumab. CD200 gene expression and gene signature scores were
calculated for all tumor samples and expressed as the percentage of
tumor samples which express the signature at a higher level than
the overall median. Immunohistochemistry and gene expression data
were highly concordant.

Conclusions

We explored both CD200 expression and the presence of CD200R+
immune infiltrates in multiple tumor types. These data point to a role
for CD200 signaling in certain tumors, and the potential for anti-
tumor activity of samalizumab.
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Background

Tumor-reactive monoclonal antibody (mAb) therapy has been suc-
cessful in a growing number of clinical settings, including the use of
anti-GD2 mAb as a treatment component for high-risk neuroblast-
oma. Following treatment with a therapeutic mAb, patients may gen-
erate an endogenous antibody response against that mAb.
Depending upon the strength and specificity of this antibody against
the mADb, this anti-therapeutic antibody response can potentially aug-
ment the clearance, or neutralize the molecular functions, of the
mADb. For chimeric or humanized therapeutic mAbs, these neutraliz-
ing antibodies are often directed against the hypervariable, antigen-
binding region (idiotype), of the mAb’s Fab components. Patient de-
rived antibody responses directed against non-variable sites on
chimeric, humanized, or fully-human mAbs have been less well stud-
ied. We describe the detection of Pre-treatment Anti-Therapeutic
Antibodies (PATA) in the sera of patients with neuroblastoma who
were treated in a Phase | study of the anti-GD2 mAb hu14.18K322A.
We sought to serologically characterize these PATA and evaluate for
any clinical correlations.

Methods

Enzyme-linked immunosorbent assays (ELISA) were performed on
pre- and post-treatment patient sera to detect the presence of anti-
therapeutic antibodies. Sera from PATA+ patients were further
characterized in ELISA for reactivity against other known antibodies.
The association between the PATA data and clinical outcome data
were assessed.

Results

Among samples from 38 patients obtained prior to mAb therapy, 9
(24%) patients demonstrated serological recognition of hu14.18K322A.
Unlike the sera from patients who generate post-treatment neutralizing
antibody responses, PATA sera did not diminish mAb detection in circu-
lation or inhibit its antigen binding ability in vitro. In 5 of 5 PATA+ pa-
tients, IgM is a component of PATA reactivity. Sera from 8 of 9 PATA+
patients demonstrated preferential recognition of the Fc-portions of
14.18K322A and rituximab (both IgG1) as compared with the Fab por-
tions of these mAbs. PATA recognized 14G2a and mouse IgG2a isotype
mAbs, but did not recognize mouse IgG1 isotype or the fully human
panitumumab (IgG2) mAb. Of the 38 treated patients, only 4 (all PATA+)
demonstrated no disease progression for >2.5 years without receiving
further therapy (p =0.002; Fisher's exact test).

Conclusions

This study demonstrates an association between the presence of
pre-existing antibodies against a tumor-reactive mAb and a favorable
outcome. This association may suggest that PATA are playing a role
in augmenting mAb-based anti-tumor effects. Further screening for
the presence of non-neutralizing antibodies, analyzes of their clinical
correlates, identification of their immunologic targets, and potential
anti-tumor mechanism(s) are warranted.
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Background

Quantification of tumor-infiltrating lymphocytes (TILs) is predictive of
patient response to immunotherapy regimens. Because of the role of
anti-PD-L1 and anti-PD-1 treatments in promoting tumor-specific
cytotoxic T cell responses, the identification and quantification of TILs
and PD-L1-positive tumor cells by immunohistochemistry (IHC) may
provide important information for disease prognosis. Using Computa-
tional Tissue Analysis (cTA™)-based morphometric features instead of
an |HC-based lymphocyte assay enables a simpler workflow for TIL
assessment and can be combined with additional IHC assays, enab-
ling the identification and classification of immune cell subsets
within the complex tumor microenvironment.

Methods

Non-small cell lung cancer (NSCLC) samples were stained with IHC
assays for CD45, CD3, CD8, and PD-L1. Serial sections were stained with
appropriate isotype-negative controls. cTA™ tools were used to deter-
mine the morphometric parameters that identified hematoxylin-stained
leukocytes on isotype-stained slides and, once developed, to quantify
the total immune cell population in tumor nests and surrounding
stroma. The same morphometric ruleset was used to quantify total
leukocytes in CD45-, CD3-, CD8-, and PD-L1-stained tissues. The results
of this analysis were then compared with the results of the biomarker-
specific assay to evaluate the frequency of biomarker-positive TILs in the
context of total infiltrating leukocytes quantified by the cTA™ ruleset.
Results

Morphometric parameters were established that determined the number
of hematoxylin-stained leukocytes correlated with the number of leuko-
cytes identified by CD45 in serial sections. The relative populations of CD3-
positive and CD8-positive TILs were consistent with available literature find-
ings. The cTA™ morphometric ruleset separated PD-L1-positive leukocytes
from PD-L1-positive tumor staining in the tumor nests and surrounding
stromal tissue.

Conclusions

Methods were developed that use morphometric features to identify the
total number of infiltrating immune cells in tumor tissues stained with
hematoxylin and eosin or by IHC biomarker assays. These methods provide
an additional dimension of data without requiring additional biomarker
staining. In some IHC assays, like anti-PD-L1 assays, both the immune infil-
trate and tumor cells may stain positive, and the accuracy and precision of
quantifying one population by visual pathology is hindered by the staining
of the second population. The cTA™-based methods can be used to aid
pathologists in the interpretation of these types of biomarker assays in
which both tumor cells and immune infiltrate may stain positive

P37

Combining in situ vaccination with checkpoint blockade enhances
an endogenous anti-tumor B-cell response resulting in
tumor-specific humoral memory

Zachary Morris', Clinton Heinze', Claire Baniel', Peter Carlson’,
Jacquelyn Hank', Raghava Sriramaneni', Emily Guy', Jasdeep Kler',

Sara Busche', Stephen Gillies?, Hans Loibner®, Alan Korman®,

Alexander Rakhmilevich', Paul Sondel’

"Wisconsin Institutes of Medical Research, Madison, WI, USA;
°Provenance Biopharmaceuticals, Carlisle, MA, USA; 3APEIRON Biologics,
Vienna, Austria; 4Bristo\—Myers Squibb, Sunnyvale, CA, USA
Correspondence: Zachary Morris (cheinze@wisc.edu)

Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):P37



Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):86

Background

In a murine model of 5-week established (~200mm?) melanoma, we
previously reported that combined treatment with radiation and
intratumor (IT) injection of anti-GD2 hu14.18-IL2 immunocytokine (IC)
results in an in situ vaccine effect, rendering most mice disease-free
and eliciting tumor-specific T cell-dependent immunologic memory.
In the treatment of larger 7-week (500 mm?) melanomas, combining
this in situ vaccine with anti-CTLA-4 resulted in greater complete
tumor regression (73%) and enhanced survival compared to dual
combinations of radiation, IT-IC, and anti-CTLA-4. All mice (17/17)
rendered disease-free by this triple combination therapy exhibited
immunologic memory. Here, we evaluate whether this combination
may trigger an endogenous anti-tumor antibody response.

Methods

GD2" B78 melanoma cells were injected subcutaneously on the flank
of C57BL/6 mice. After 5 weeks, B78 tumors were treated with 12Gy,
IT injection of hu14.18-IL2 on days 6-10 after radiation, and IP injec-
tion of anti-CTLA-4 on days 3, 6, and 9 after radiation. Blood was
drawn from mice via facial vein bleeds prior to treatment, at 10 day
intervals thereafter to day 50, and from disease-free animals >90
days after radiation. Serum from these samples was tested by flow
cytometry against the closely related GD2" B16 melanoma (parental
to B78) and the unrelated GD2" Panc02-GD2 pancreatic tumor lines
for the presence of tumor-specific IgM and IgG antibodies. Functional
capacity of tumor-specific serum was tested using Complement-
Dependent Cytotoxicity (CDC) assays.

Results

A tumor-specific endogenous IgG response was observed against
GD2" B16 melanoma in untreated tumor-bearing, untreated mice,
and levels of this tumor-specific IgG declined over the first ~20 days
following combined treatment with 12Gy + IT-IC + anti-CTLA-4. Be-
ginning 20-30 days after this treatment, a tumor-specific IgM re-
sponse against GD2" B16 melanoma was identified in most mice. T
and this briefly peaked and then declined by day 50. A renewed
tumor-specific IgG response was observed in serum from mice ren-
dered disease-free with combined in situ vaccine and anti-CTLA-4,
and the level of this tumor-specific IgG increased modestly following
subcutaneous re-challenge of these mice with B78 cells.

Conclusions

In this preclinical melanoma model, combined treatment with 12Gy
+ IT-IC + anti-CTLA-4 augments an endogenous antibody response to
the B78 tumor, resulting in @ memory humoral response in animals
rendered disease-free. This may suggest an opportunity to improve
this treatment regimen by using the endogenous anti-tumor B cell
response as a biomarker of adaptive anti-tumor immunity.
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Background

A recent FDA workshop sought discussion on how to demonstrate
the contribution of each individual agent in combination immuno-
therapy trials. Here we outline a strategy of coordinated assessment
of B and T cell response kinetics to a complex cancer vaccine as a
possible model for such an evaluation. This strategy was applied to
assess patients receiving DPV-001 DRibbles®, a dendritic cell-targeted
microvesicle (proteasome blocked autophagosome) vaccine derived
from adenocarcinoma and mixed histology cancer cell lines. It con-
tains multiple TLR agonists and > 200 potential NSCLC antigens,
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many as prospective altered-peptide ligands or neoantigens. Based
on preclinical studies where anti-OX40 significantly (P<0.05) im-
proved survival and apparent cures, a clinical trial of DPV-001 plus
anti-OX40 is planned and will use the proposed strategy to monitor
the impact of this combination for cancer immunotherapy.

Methods

Patients received induction cyclophosphamide followed by 7 vac-
cines at 3-week intervals. The first vaccine was given intranodally;
subsequent vaccines intradermally. Patients were randomized to re-
ceive DRibble alone (A), or with imiquimod (B) or GM-CSF (C).
Thirteen pts were enrolled (Arm A: 5; B: 4; C: 4). PBMCs and serum
were collected at baseline and at each vaccination to assess changes
in antibodies (Ab) (Protoarray, microsphere affinity proteomics
(MAP)), cytokines (Quanterix), PBMCs (flow cytometry) and TCR reper-
toires (Adaptive immunoSEQ).

Results

IgG levels to 5000 proteins was assessed thrice prior to vaccination and
at 3-week intervals. For some antigens, IgG responses peaked and then
returned to baseline with new Ab responses developing or being aug-
mented at each time point. In others, Ab responses were maintained at
multiple time points. Ab responses were detected against proteins
whose genes were commonly upregulated in NSCLC, in some cases this
upregulation was associated with significantly reduced survival (TCGA).
Evaluation of CD4 and CD8 T cell clones by TCRSeq identified signifi-
cantly (p=0.002) increased clonal expansion compared to normal con-
trols (n=3). Similar to Ab responses, T cell clonal expansion exhibited
expansion followed by apparent contraction.

Conclusions

This monitoring strategy identified that continued vaccination was
associated with induction of new IgG Ab responses, inferring that
new CD4 T cell responses were developing with repeated vaccin-
ation. Expansion and apparent contraction of CD4 and CD8 T cell
clones, consistent with basic immunological principles, provides in-
sights into combination immunotherapy strategies that might be
used to augment response as well as a method to monitor for that
effect.

Trial Registration

ClinicalTrials.gov Identifier NCT01909752
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Background

ICOS (Inducible T cell CO-Stimulator) is a co-stimulatory molecule
expressed primarily on T lymphocytes. Clinical and preclinical data
suggest that ICOS plays an important role in the immune response
to cancer. Therefore, we generated JTX-2011, an ICOS agonist anti-
body currently in clinical development in advanced solid tumors in
the ICONIC trial. In preclinical studies, single agent efficacy correlates
with the percentage of ICOS-expressing T cells within the tumor.
Thus, ICOS expression is being used as a biomarker to enrich for pa-
tients in Phase 2 of the ICONIC trial. Building on our biomarker-
driven strategy, we have explored additional potential predictive bio-
markers using ex vivo tumor histoculture which allows for in vivo-like
analysis of therapies using patient intact tumor tissue. Herein, we re-
port on the results of such analysis, including assessment of the in-
duction of an IFN-gamma gene signature.

Methods

Tumor processing: Fresh human tumor samples were obtained post-
surgery through the Cooperative Human Tissue Network. A section
of each tumor was cut and fixed for IHC. 300 mM slices of remaining
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tumor were placed in a 6-well plate. Treatments were added into the
medium and plates were incubated at 37°C. Tumor slices were stored
in RNAlater after incubation.

RNA extraction and QC: Tumor slices were lysed using Qiagen’s Tis-
suelyser processor and FFPE samples were deparaffinized. RNA was
extracted from FFPE and fresh tumor samples, quantified using Qui-
bit, and QC'd using AATI's Fragment Analyzer.

Gene expression: Gene expression for interferon signature and other
genes of interest were performed using Tagman gqPCR probes or
NanoString nCounter using the Human Immunology V2 panel.

IHC: ICOS (Spring SP98) and PD-L1 (CST E1L3N) levels were assessed
by IHC.

Results

Treatment of NSCLC and HNSCC histoculture samples with either
JTX-2011 or nivolumab, alone and in combination, led to induction
of an IFN-gamma gene signature in a subset of the treated samples.
This induction correlated with baseline ICOS expression for JTX-2011-
treated samples, and with PD-L1 expression for nivolumab-treated
samples. Additionally, expression of an ICOS RNA gene signature cor-
related with IFN-gamma induction in JTX-2011-treated samples.
Conclusions

Ex vivo histoculture is a robust tool that can be used to assess candi-
date predictive biomarkers, identify novel potential biomarkers, and
interrogate post-dose responses to novel therapeutics. As part of the
Jounce Translational Platform, we have used it to build on our JTX-
2011 biomarker-driven strategy as we continue to generate new hy-
potheses to be tested in the context of the ICONIC trial.
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Background

In addition to the long-standing efforts to understand and manipu-
late the immune system in the treatment of autoimmune diseases,
the immune system is increasingly becoming a direct target for can-
cer therapeutics. These cancer immunotherapy efforts require deep
biological characterization to better understand and characterize
multiple rare cell populations, necessitating next-generation methods
to expand or augment current flow cytometry methods. Recent ad-
vances in flow and mass cytometry have greatly expanded the num-
ber of cell parameters that can be interrogated resulting in an
improved understanding of Immune system heterogeneity. These
technologies, however, remain limited in the number and types of
analytes that can be examined in a single sample.

Methods

We utilized a novel workflow integrating flow cytometry cell sorting
with the nCounter® Vantage 3D™ RNA:Protein Immune Cell Profiling
Assay to deeply characterize multiple flow-sorted immune cell popu-
lations. The NanoString nCounter platform enables the highly multi-
plexed digital analysis of both RNA and protein from a single
biological specimen for multiple research applications. This workflow
enabled us to interrogate 30 cell surface proteins and 770 immune-
related RNA starting with cells in suspension. We used the unsuper-
vised machine learning algorithms ViSNE and SPADE on the Cyto-
bank informatics platform to characterize the expression signatures
across all measured proteins and RNA in each of the sorted cell
populations.

Page 35 of 244

Results

PBMC were co-stained with both fluorescently-labeled and Nano-
String DNA barcoded antibodies followed by the isolation of different
T cell populations by standard flow cytometry. Using our novel work-
flow, we subsequently analyzed 30 proteins and 770 RNA from each
sorted population with no additional staining. Demonstrating the
value of this workflow in analyzing potentially rare cell populations,
cells were titrated to determine the sensitivity of the workflow, produ-
cing concordant protein data from 5000 cells down to only 500 cells.
Conclusions

High-plex RNA data was obtained without the requirement for add-
itional molecular biology methods, such as RNA purification or se-
quencing library construction, reducing potential for technical biases.
Streamlined data analysis and visualization was accomplished by
combining Cytobank with nSolver™ software packages to rapidly
analyze this high-plex data. This experiment illustrates ‘3D Flow™"
methodology, which is ideally suited for incorporation into cell sort-
ing workflows, simultaneously producing high-plex, multiomic data
from multiple rare and potentially clinically-relevant cell populations.
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Background

Herein we report a survey of humoral and cellular immunity to tumor
neoantigens which demonstrates interrelationships between IgG
antibody and T cell responses specific to individual tumor peptides.
Although a high background of preexisting autoantibody signals to
thousands of normal proteins are frequently observed in IgG bio-
marker surveys, little work has been done to determine whether such
antibodies might represent a broader immunologic history that en-
hances CD8+ T cell responses or adapts in concert with them. Im-
proved understanding of any antigen-specific relationships between
IgG and T cells could lead to improved immune monitoring for can-
cer patients and a deeper understanding of what features define
clinically-relevant tumor antigens.

Methods

We sought to screen for IgG antibodies to peptides centered at sin-
gle nucleotide variant and wild-type versions of known mutation
sites in our 4T1 vaccine model, and hypothesized that patterns in
these antibody profiles would relate to vaccine-induced T cell re-
sponses to those same mutation sites. We vaccinated female BALB/c
mice with an autophagosome vaccine derived from 4T1T mammary
carcinoma cells, then screened serum for IgG binding to a custom
array of single nucleotide variant and paired wild-type peptides from
those 4T1 cells.

Results

Vaccine-induced IgG signal changes correlated to antigens with
stronger-predicted MHCI binding domains, indicating an overlap be-
tween the short peptide antigens recognized by antibody and CD8+
T cells. Interestingly, these IgG signal changes occurred on top of a
background landscape of preexisting IgG signals. To determine
whether these observations related to T cell immunity, we stimulated
CD8+ T cells from naive and vaccinated animals with a diverse selec-
tion of the top-predicted MHCI binding minimal 8-11mer peptides
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matching the mutation sites profiled on the antibody array. Similar
to the antibody data, vaccine-induced CD8+ recognition of 4T1 cells
was most improved by tumor peptides with stronger-predicted MHCI
affinity. In addition, minimal peptides from Wdr33:H13Y, the muta-
tion site garnering the strongest preexisting and post-vaccination
IgG signals, also generated the largest post-vaccination IFNy re-
sponses in multiple independent T cell experiments.

Conclusions

These results demonstrate that preexisting and post-vaccine serum
antibody signals share important features with antitumor T cell re-
sponses. This could have important implications toward understand-
ing why natural surveillance and clinical therapies either succeed or
fail in creating immune responses to individual tumor antigens.
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Background

CD47 is an immune checkpoint that binds to SIRPa and delivers an
anti-phagocytic (“do not eat”) signal, suppressing macrophage
phagocytosis. Tumor cells frequently over-express CD47 to evade
macrophage-mediated destruction. TTI-621 (SIRPaFc) is an immune
checkpoint inhibitor that promotes phagocytosis of tumor cells by
blocking CD47 and engaging activating FcRs on macrophages. TTI-
621 may stimulate T cell responses through enhanced antigen pres-
entation and alteration of the tumor microenvironment. Two Phase 1
studies are underway evaluating the safety and tolerability of TTI-621
following intravenous delivery in subjects with hematologic malig-
nancies (Study TTI-621-01; NCT02663518) and intratumoral injection
in subjects with solid tumors and mycosis fungoides (Study TTI-621-
02; NCT02890368). We report ongoing pharmacodynamic assess-
ments from these trials.

Methods

In Study TTI-621-01, subjects with relapsed/refractory hematologic
malignancies received weekly IV infusions of TTI-621 at 0.2 mg/kg as
monotherapy or 0.1 mg/kg in combination with Rituximab. At the in-
vestigator's discretion, the protocol allows dose intensification in 0.1
mg/kg increments to a maximum of 0.5 mg/kg. Serial blood draws
were obtained to assess receptor occupancy, cytokine/chemokine
levels, T cell repertoire and immune phenotype. In Study TTI-621-02,
TTI-621 was administered intratumorally starting at 1T mg/injection up
to a maximum of 10 mg/injection to subjects with percutaneously
accessible solid tumors and mycosis fungoides. Peripheral cytokines/
chemokines, immune phenotype and gene expression were assessed
in serial blood draws. Biopsies were collected to assess the impact of
TTI-621 on the tumor microenvironment using gene expression, T
cell repertoire, and multi-spectral imaging analyzes. Reported data
are current as of July 26, 2017.
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Results

Subjects receiving IV TTI-621 had increases following infusion in cyto-
kines including MIP-1a, MIP-1b, TNF-a, IL-6, and IL-8 with median
peak concentrations of 917.7, 1644.2, 392.2, 262.2, and 400.4 pg/ml
at Week 1 and 168.9, 176.4, 38.0, 17.9 pg/mL at Week 6, respectively.
NanoString analysis of peripheral blood and tumor tissue pre- and
post- intratumoral injection of TTI-621 indicated activation of the
innate and complement systems, including modulation of IFN-stimulated
genes, such as IFI27. Increases in CD8+ and NK cells were observed in the
peripheral blood of subjects. An induction of peripheral T cell clonality
was observed in the majority of subjects exhibiting objective responses
following IV TTI-621.

Conclusions

Pharmacodynamic analysis demonstrated that TTI-621 stimulates the
innate and adaptive immune responses in relapsed/refractory cancer
patients. Importantly, changes in the TCR repertoire correlated with
objective responses, suggesting that innate checkpoint inhibition
with TTI-621 is capable of driving an anti-tumor T cell response.
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Background

Non-human primate studies serve as valuable tools for preclinical
safety and pharmacokinetic (PK) evaluation; however, their utility in
Pharmacodynamic (PD) assessment of immunomodulatory agents in
immuno-oncology is limited. Here, we assessed PD effects of immu-
nomodulatory agents in Cynomolgus monkeys (Macaca fascicularis)
using a high-content gene expression platform (nCounter Non-
Human Primate (NHP) Immunology Panel, NanoString) that covers 20
immunologically relevant pathways.

Methods

NHP nCounter codeset used in the study, covers 770 genes and spans
around 20 immune-related signaling pathways including but not lim-
ited to toll-like receptor, interferon signaling, innate and adaptive im-
mune response. Blood was collected from naive Cynomolgus monkeys,
before and at various time points after intravenous administration of
experimental immunotherapies. Based on previously generated Quanti-
gene Plex gene expression data from four different studies, nCounter
analysis was focused on select time points/samples along with respect-
ive controls. Two different sample types, purified RNA from peripheral
blood cells and whole blood lysates, were also evaluated.

Results

nSolver software (NanoString) was used for quality control and
normalization of the data. The positive control scaling factor was
within the recommended range of 0.3-3, indicating that there were
no platform-associated sources of variation. Due to the variability in
the negative controls background subtraction was excluded from
analysis. Expression levels of housekeeping genes (HKGs) were similar
across samples, and all 16 HKGs were included in the analysis. Ap-
proximately 300-350 genes were below lower limit of detection
under conditions tested and were removed from analysis. The
nCounter assay demonstrated comparable performance on purified
total RNA and whole blood lysates. Depending on the immunomodu-
latory agent studied, the number of differentially expressed genes
(pre- vs post-dose) ranged from 3 to 76. Principal Component Ana-
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lysis revealed that gene expression levels post-dose segregated from
those of pre-dose. Most of the gene expression changes observed
were indicative of peripheral innate immune response exemplified
by upregulation of genes attributable to monocytes/macrophages
and/or granulocytes.

Conclusions

Taken together, the data indicate that the nCounter gene expres-
sion platform was capable of detecting immune-related PD effects
of immunomodulatory agents in Cynomolgus monkeys using both
RNA and whole blood lysates. High-content molecular platforms
such as nCounter, can significantly enhance PD assessment and
broaden understanding of immune-related changes in NHP studies
which may facilitate informative decision making and PK/PD model-
ing in clinical trials.
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Background

Regulatory T cell (T,eg)-mediated suppression of effector T cells in the
tumor microenvironment (TME) can diminish anti-tumor immune re-
sponses. The CCR4 receptor can mediate recruitment and accumulation
of Treg in the TME making it an ideal target for improving anti-tumor
immune responses. We have previously reported on the development
of potent and selective CCR4 antagonists. As these move towards the
clinic, it is important to have a strategy for selecting patients most likely
to respond to this therapy and to measure CCR4 engagement with our
inhibitors in these patients once clinical trials begin.

Methods

Data from The Cancer Genome Atlas (TCGA) was mined for expres-
sion of relevant genes and signatures. Tumors were classified based
on their inferred levels of immune infiltrate, and signatures for T,eq
and CD8" T cells. RNAScope® (RNA in situ hybridization) was used on
more than 400 tumor biopsy cores to confirm expression levels and
localization of key genes. For receptor occupancy, whole blood from
healthy donors or cancer patients was incubated with CCR4 antagon-
ist prior to addition of fluorescently-labeled hCCR4 ligand, hCCL22
(A647-hCCL22). At 37°C and in the absence of a CCR4 antagonist,
A647-hCCL22 stimulates receptor internalization and accumulation of
fluorescence signal. Cells were then antibody-stained and interro-
gated by flow cytometry to measure CCR4-inhibition in T

Results

Many tumor types show elevated expression of the CCR4 ligands,
CCL17 and CCL22, and increases in T,y and CD8 signatures, with
head and neck (HN), stomach, lung, and breast cancer types showing
strong enrichment. Subtype analysis shows further immune signature
enrichment in subtypes such as Triple Negative Breast and EBV*
stomach cancers. RNAScope analysis supports these observations,
with lung and HN, in particular, showing strong clustering of T4 and
CD8 cells. In the receptor occupancy assay, our CCR4 inhibitors dem-
onstrate dose-dependent reductions in A647-hCCL22-induced intern-
alization. This assay is highly reproducible within donors, on different
days, and between operators. This signal stability makes it a robust
PD assay for our First-in-Human trials.

Conclusions

Based on RNA expression and in situ hybridization analysis, we
hypothesize that patients with a variety of tumors including types of
breast, lung and HN cancers, would be good candidates for
treatment with CCR4 antagonists. Once these patients are enrolled in
clinical trials, robust assays to monitor receptor occupancy and
establish pharmacokinetic-pharmacodynamic relationships are ready
for deployment.
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Background

Immunotherapy has revolutionized cancer therapy by targeting
checkpoint molecules found on endogenous immune cells. Presently,
the most commonly targeted checkpoint molecules are CTLA-4
and PD-1, which results in response rates of approximately 25%
in head and neck squamous cell carcinomas (HNSCC). To improve
treatment, additional immune checkpoint molecules expressed in
the tumor microenvironment must be identified. Natural Killer
Group 2 A (NKG2A) is an inhibitory receptor found on NK cells
and CD8 T cells, the receptor for which is HLA-E, a non-classical
MHC molecule often overexpressed in solid tumors. This study
aimed to identify if NKG2A is expressed on tumor infiltrating NK
cells and CD8 T cells from human HNSCC tumors as it is a potential
therapeutic target.

Methods

Fresh human HNSCC tumors were digested with miltenyi human
tumor dissacotiation kit and Gentle Macs machine following manu-
factures instructions. Cells were then stained for surface phenotyping
or frozen for functional assays.

Results

We analyzed and compared tumor infiltrating NK cells and CD8 T
cells from HNSCC patients with matched PBMC by flow cytometry for
the expression of activating and inhibitory receptors. We found a
unique population of effector memory PD-1+ NKG2A+ CD8 T cells
which was absent from the blood. NKG2A+ PD-1+ CD8 T cells
expressed higher levels of CTLA-4 and LAG3 as well as produced
lower IFNg than NKG2A- PD-1+ CD8 T cells. Interestingly, NKG2A+
PD-1+ CD8 T cells expressed higher levels of both Perforin and Gran-
zyme B, suggesting that these cells are cytotoxically potent. We
found a similar upregulation of NKG2A in the NK cell population. NK
cells from the primary tumor, but not the blood of HNSCC patients,
significantly increased expression of inhibitory KIR2DL4, PD-1 and
NKG2A. In addition, we determined that the ligand for NKG2A, HLA-
E, was abundantly expressed on CD45+ monocytes and T cells, but
not on CD45- cells in the tumor.

Conclusions

We believe that this study provides the first characterization of
human tumor-infiltrating NKG2A+ PD-1+ CD8 T cells. We have
shown that NKG2A+ CD8 T cells express the highest levels of
cytotoxic markers, suggesting an enhanced capacity to kill tumor
cells, yet also the highest levels of checkpoint molecule expres-
sion. As we have also shown that NKG2A is upregulated in tumor
infiltrating NK cells, we believe this makes NKG2A an ideal thera-
peutic target to improve anti-tumor cytotoxic responses. Ongoing
studies are underway to determine the effect of inhibiting NKG2A
on tumor immune responses.
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Background

The major immune-check point, programmed cell death-1 (PD-1), plays
a pivotal role in tumor immune escape. The interaction of PD-1 with its
ligand (PD-L1) results in T cells exhaustion, and the blockade of this
interaction can partially restore T cell function. Antibodies targeting PD-1
and PD-L1 have been approved for treatment of advanced Non-Small
Cell Lung Cancer (NSCLQ). In this pilot study, we aimed to investigate
the effect of anti-PD-1 treatment on the frequencies of circulating PD-1*
and PD-L1* immune cells (ICs), as well as their correlation with circulat-
ing tumor cells (CTCs) in NSCLC patients.

Methods

Peripheral blood samples were collected from 24 advanced NSCLC
patients before and after 1 and 3 cycles of anti-PD-1 treatment. Flow
cytometry and immunocytochemistry were used to quantify the
changes of the frequencies of PD-1- and PD-L1-expressing ICs and
CTCs, respectively.

Results

At baseline, CTCs and PD-L1*CTCs were negatively correlated with PD-1"
CD8" (p=0.03 and p<0.0001, respectively). Moreover, PD-1" CD4" T had a
reverse correlation with PD-L1"CTCs (p=0.04), whereas PD-1* CD4* T
cells were positively correlated with PD-L1*CTCs (p<0.0001). A significant
decrease in PD-1*CD4* and PD-1*CD8" T cells was observed after 3 ad-
ministrations of anti-PD-1 antibody (p=0.01 and p=0.05, respectively). In
contrast, PD-1'CD4* (p=0.05) and PD-1"CD8* (p=0.05) levels were in-
creased in response to anti-PD-1 therapy. After one dose of anti-PD-1
therapy, these increased levels of PD-1" CD8* and PD-1" CD4" T cells
were associated with reduced levels of CTCs (p<0.0001). Most import-
antly, PD-L1*CTCs were reversely correlated with PD-1"CD8* (p<0.0001)
and PD-1CD4* T cells (p<0.0001) following 3 doses of treatment. Pa-
tients, with non-progressive disease after 3 doses of treatment, had re-
duced percentages of PD-1"CD4" (p=0.05) and PD-1'CD8" T cells
(p=0.002), whereas the percentages of PD-1" CD4* (p=0.04) and PD-1°
CD8* (p=0.004) T cells were increased compared to baseline. Finally, the
levels of CD4*PD-L1* Tregs and PD-L1*G-MDSCs (granulocytic-MDSC)
were decreased after 1 dose of anti-PD-1 therapy (p=0.01 and p=0.02,
respectively). No correlation was observed between CTCs and immuno-
suppressive cells at any time point.

Conclusions

These data indicate that anti-PD-1 therapy seems to exert an effect
on circulating immune cells and provides evidence for their possible
interaction with CTCs via the PD-1/PD-L1 axis, in NSCLC patients.
These findings may pave the way for additional studies in a larger
cohort in order to document its impact in NSCLC patients.
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Background

Adrenocortical carcinoma (ACC) is a rare disease where cancer cells de-
velop in the outer layer of the adrenal gland. Because of unreliable early
detection, the five year survival rate of subjects with ACC is only 65%. In
a variety of cancers including glioblastoma, ovarian, and pancreatic can-
cers, expression of the interleukin-13 receptor a2 (IL-13Ra2) has been
shown to be a prognostic biomarker and potential target for immuno-
therapy. Using RNA sequencing data from the Genomic Data Commons
(GDQ), we analyzed the association between IL-13Ra2 gene expression
levels with duration of survival and disease outcome in the ACC patients.
Methods

ACC datasets were accessed from the GDC [https:/portal.gdc.cancer.-
gov/legacy-archive] in January 2017. Seventy-nine samples, 48 female
and 31 male, were categorized and merged using JMP Genomics.
Samples were then evenly distributed into three groups based on
low, medium or high levels of IL-13Ra2 expression. Statistical
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analyzes were performed to compare survival, hormone levels, and
tumor reoccurrence with IL-13Ra2 expression.

Results

Subjects with high IL-13Ra2 expressing tumors (n = 27) showed a sta-
tistically significant lower survival rate (56%) compared to patients
with low IL-13Ra2 expressing tumors (88%) (n = 26) (p= .0135). Sub-
jects with high serum hormone levels (cortisol, estrogen, androgen)
exhibited a worse outcome; high IL-13Ra2 expression was associated
with a greater incidence of high serum hormone level and poorer
survival compared to low /L-13Ra2 expressing subjects. Subjects with
new tumor events (n = 35) such as reoccurrence or metastasis exhib-
ited a worse survival rate and high IL-13Ra2 expression showed a
higher rate of new tumor events when compared to low expression
levels (p= .0042). Individuals with new tumor events exhibited a
lower rate of survival, whereas individuals with high IL-13Ra2 expres-
sion had a low rate of survival regardless of whether a new tumor
event occurred or not. Subjects with metastatic tumors (n = 17) had
a lower survival rate compared to those without metastatic tumors,
but no correlation with survival for subjects with medium or high ex-
pression levels of IL-13Ra2 was observed.

Conclusions

IL-13Ra2 expression levels were a major determinant of outcome in
ACC subjects; high IL-13Ra2 levels associated with a lower rate of sur-
vival, higher incidence rate and worse outcome with excess hormone
production, and more new tumor events. Additionally, subjects with
higher expression levels of IL-13Ra2 exhibited a low survival rate re-
gardless of new tumor events or metastases. These results indicate
that /L-13Ra2 may be a prognostic biomarker in subjects with ACC.
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Background

Immunomodulatory antibodies targeting immune checkpoints are
gaining ground in cancer treatment, with simultaneous efforts to
search for clinically usable predictive markers which could help mak-
ing treatment decisions. The aim of our study was to explore tumor-
infiltrating immune cells and HLA class | expression as potential bio-
markers of response to ipilimumab and survival in patients with
metastatic melanoma.

Methods

In pretreatment surgical tissue samples (52 lymph node and 34 cuta-
neous or subcutaneous metastases from 30 patients), intratumoral
immune cell infiltration was determined using antibodies against a
panel of 11 markers (CD4, CD8, CD45RO, CD20, CD134, CD137,
FOXP3, PD-1, NKp46, CD16, CD68). Tumor infiltration by each cell
type was evaluated with regard to response to treatment and pa-
tients’ survival. Expression level of HLA class | antigens and its correl-
ation with immune cell densities as well as with response to
ipilimumab and disease outcome was also examined.

Results

Immune cell infiltration in lymph node metastases was markedly
higher compared to skin or subcutaneous ones in the case of the
majority of markers studied (9 of 11). Evaluated separately in the two
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locations, in the group of lymphoid metastases significantly larger
amount of CD4*, CD8*, FOXP3*, CD134* lymphocytes, CD20* B cells
and NKp46* NK cells was found in responders compared to nonre-
sponders. The most pronounced differences were seen in the case of
FOXP3 and CD8, which also showed association with patients’
survival. Infiltration level of CD45RO™, PD-1%, CD16" and CD68" cells
correlated with survival but not with treatment response. On the
other hand, analyzing subcutaneous/cutaneous metastases revealed
significant associations with clinical response or survival only in the
case of CD16* and CD68" cells. Furthermore, HLA class | antigen ex-
pression level of lymphoid metastases, but not that of skin or sub-
cutaneous ones, showed correlation with T cell density and with
patients’ survival.

Conclusions

Our results indicate different predictive impact of immune cell infil-
tration and HLA class | expression in lymphoid vs. non-lymphoid me-
tastases of melanoma patients treated with ipilimumab. This finding
points to the potential importance of analyzing metastases of differ-
ent locations separately in order to reveal all existing predictive asso-
ciations, part of which could be obscured in the case of joint
evaluation because of high variation in immune cell prevalence.
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Background

Interactions between tumor cells and surrounding immune cells in
the tumor microenvironment (TME) play a key role in tumor progres-
sion and treatment response with accumulating evidence indicating
a crucial role for tumor infiltrating immune cells. Although infiltrating
T cells have been correlated with improved clinical outcome, tumor
infiltrated lymphocytes are ineffective in eradicating tumors due to
their inhibition by immune checkpoint molecules. Cancer immuno-
therapy blocking the PD-1/PD-L1 immune checkpoint pathway is an
established treatment with long-lasting clinical benefits. However,
the majority of patients are resistant or relapse after initial response,
showing the need for understanding resistance mechanisms and
stratifying patients using predictive biomarkers. Also, immunosup-
pressive factors in the local TME contribute to tumor evasion by
recruiting and modulating regulatory T cells and myeloid-derived
cells.

Methods

In this study, we used RNAscope® ISH to evaluate in situ expression
profiles of therapeutic checkpoint targets in the TME of 30 NSCLC
and 30 ovarian cancer archived FFPE tissue samples. In addition, im-
mune infiltration of lymphoid and myeloid cells in the TME was
investigated.

Results

Specific checkpoint target molecules were visualized in a highly spe-
cific and sensitive manner in individual cells within tissue morpho-
logical context. Multiple checkpoint molecules, including PD1, PD-L1,
TIM3, and CTLA-4, were detected in the same immune environment,
especially in highly inflamed tumors. Unexpectedly, we observed
tumor cell-intrinsic expression of TIM3, LAG3, PD-L2, and GITR in a
subset of samples. Furthermore, PD1 was often co-expressed with
other therapeutic checkpoint targets, including LAG3, TIM3, and
TIGIT, in the same infiltrating immune cells. Expression patterns of
key functional markers FOXP3, IFNg, CXCL10, and CCL22 combined
with cell lineage markers CD4, CD8, CD68, and CD163 demonstrated
infiltration of lymphoid and myeloid cells across samples. Recruit-
ment of CXCL10-expressing immune cells in local tumor regions was
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visualized. The presence of regulatory T cells (FOXP3+CD4+) was
evaluated in relation to CCL22 expression in immunosuppressive
local environment. IFNg positive CD8 cells were rarely detected.
Conclusions

These findings highlight the utility of RNAscope® ISH in understand-
ing how cancer cells evade the host immune surveillance and ultim-
ately develop resistance against checkpoint blockades. This approach
visualizes states of lymphoid and myeloid cells present in the TME by
detecting key functional molecules, such as cytokines and chemo-
kines, in addition to immune co-inhibitory and lineage molecules.
Considering the highly plastic immune environment with a spectrum
of maturation and polarization, characterizing the immunomodula-
tory phenotype by RNAscope® ISH could offer fundamental insights
in contributing factors in immunosuppressive environment.
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Background

The analysis of single parameters alone may not provide sufficient in-
sights about complex immune system-tumor interactions. This study
is to validate the immune contexture as prognostic biomarkers in
high-grade serous ovarian cancer (HGS-OC) and to find new era of
immunoscore in HGS-OC.

Methods

We collected FFPE samples from 187 patients with HSOC and pro-
duced TMA samples. We accomplished the OPAL multiplex IHC assay
for the quantitative analysis of immune markers, including CD4, CD8,
CD20, FoxP3, PD-L1, and CK. Multiplex Biomarker Imaging and in-
Form® Image Analysis Software was used.

Results

FIGO stage Il and IV patients were 84.5% (158/187). The optimal
debulking surgery was done in 66.8% (125/187). The 3-year disease-
free survival and 5-year overall survival were 35.1% and 50.0%, re-
spectively. Any single marker was not related to the survival includ-
ing CD8, FoxP3, and PD-L1. However, high CD8:FoxP3 and CD8:PD-L1
ratios were correlated with the good survival. In cox regression
model, the risk factors for HGS-OC survival were FIGO stage (HR
1.784, 95% Cl: 1.295-2.457, p<0.001) and platinum resistance (HR
4.257, 95% Cl: 2.753-6.582, p<0.001). Additionally, CD8:PD-L1 ratio
was a favorable prognostic factor (HR 0.621, 95% ClI: 0.042-0.917,
p=0.017).

Conclusions

These findings indicate that, although any single immune marker is
not related to the survival, CD8:FoxP3 and CD8:PD-L1 ratios provide
the positive correlation with the prognosis in HGS-OC. Especially,
CD8:PD-L1 ratio is prognostic biomarker which is comparable to clin-
ical biomarkers. The next study for immunoscore is necessary to de-
fine immunoscore in ovarian cancer.
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Background

Five Prime Therapeutics, Inc. has developed an FGFR2b-specific hu-
manized monoclonal antibody, FPA144, to treat cancer patients with
overexpression of the FGFR2b receptor. FPA144 blocks ligand bind-
ing and has been glycoengineered for enhanced antibody-
dependent cell-mediated cytotoxicity. Our preclinical models showed
FPA144 reprograms the tumor microenvironment by recruiting
natural killer cells to the tumor, upregulating PD-L1 expression, and
enhancing T cell infiltration [1]. FPA144 is currently in clinical devel-
opment in gastric and urothelial cancers (UC). FPA144 completed
dose escalation in patients with solid tumors and was well tolerated
with no dose-limiting toxicity. During dose escalation, a patient with
metastatic UC treated with FPA144 at 3 mg/kg exhibited a complete
response [2]. Currently, UC patients have enrolled in the dose expan-
sion portion of the trial. We characterized baseline immune cells in
the tumor microenvironment and their relationship with FGFR2b in
UC patients to guide potential development of FPA144 in combin-
ation with other therapies.

Methods

We selected a cohort of archival primary UC formalin-fixed paraffin-
embedded whole tumor sections (n=34) with known FGFR2b expres-
sion and performed fluorescent IHC on these sections using the pro-
prietary FPR2-D mouse monoclonal antibody, which is specific for
FGFR2b. We also performed multi-panel multiplex immunofluores-
cent assays to quantify immune cell compositions in sequential sec-
tions of UC samples.

Results

FGFR2b H scores positively correlate with tumor-infiltrating CD163,
PD-L1/CD8 and PD-L1/CD68 cells. From baseline immune composi-
tions and FGFR2b expression level, we clustered cases into three dis-
tinct groups: 1) Immune desert (low CD8 T cells, tumor-associated
macrophages (TAM), and PD-L1 expression in the whole tumor) with
low or negative FGFR2b; 2) Immune excluded (high CD8 T cells, TAM,
and PD-L1 expression in tumor-associated stroma) with low to mod-
erate FGFR2b; 3) Inflamed (high CD8 T cells, TAM, and PD-L1 expres-
sion in the whole tumor) with moderate to high FGFR2b.
Conclusions

The UC cases with high FGFR2b expression have higher tumor-
infiltrating T cells, TAM and PD-L1 expression compared to FGFR2b
low or negative tumors. Profiling FGFR2b expression and baseline
tumor associated immune cells could help FPA144 development
strategy in UC patients. We are currently exploring the utility of com-
bining FPA144 with PD-1/PD-L1 blockade in clinic.

Trial Registration

ClinicalTrial.gov Identifier NCT02318329

Reference

1. Powers J, et al. FPA144, a therapeutic monoclonal antibody targeting the
FGFR2b receptor, promotes antibody dependent cell-mediated cytotoxicity
and stimulates sensitivity to PD-1 blockade in the 4T1 syngeneic tumor
model in mice. AACR. 2016.2. Ghoddusi M, et al. FGFR2b represents a novel
target for treatment of urothelial cancer. EORTC-NCI-AACR Molecular
Targets. 2016.

P52

Partially exhausted T lymphocyte directed neoadjuvant
immunotherapy in unresectable Stage Il melanoma

Lauren Levine, Clinton Wu, Kelly Mahuron, Katy Tsai, Alain Algazi,
Michael Rosenblum, Michael Alvarado, Adil Daud

Helen Diller Comprehensive Cancer Center, University of California, San
Francisco, San Francisco, CA, USA

Correspondence: Lauren Levine (lauren.levine@ucsf.edu); Adil Daud
Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):P52

Background

Programmed death 1 (PD-1) inhibition activates partially exhausted
cytotoxic T lymphocytes (peCTL) and induces tumor regression. We
have previously demonstrated that the peCTL frequency predicts re-
sponse to anti-PD-1 monotherapy and combination CTLA-4/PD-1
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blockade in metastatic melanoma. However, the utility of this assay
in the neoadjuvant setting has not been established. In the current
study, 15 patients with unresectable Stage Il Melanoma were
assessed for response to neoadjuvant anti-PD-1 or anti-PD-1/CTLA-4
inhibition as assigned by peCTL frequency.

Methods

Pretreatment tumor samples from 15 patients with locally advanced
melanoma underwent multiparameter flow cytometric analysis. Pa-
tients received neoadjuvant anti-PD-1 monotherapy or combination
therapy and best overall response to therapy (BOR) as evaluated by
Response Evaluation Criteria in Solid Tumors version 1.1 (RECIST v1.1)
and irAE incidence and severity by NCI Common Terminology Criteria
for Adverse Events version 3.0 (CTCAE v3.0) were tabulated by clini-
cians blinded to immunophenotypic analysis. Patients with low
peCTL burden (<20%) received anti-PD-1/CTLA-4 inhibitors whereas
those with high peCTL (>20%) were assigned to anti-PD-1 monother-
apy. Patients with documented follow up history and evaluable
immunophenotype were included in efficacy and safety analysis.
Results

Of 82 patients screened, 15 met criteria for further analysis. Patients
were 60% male with mean age of 58 years. Twelve patients had
Stage Il disease with LDH<ULN, and 13 out of 15 patients were BRAF
WT. Prior therapy included CTLA-4 monotherapy in 4 of 12 patients,
with only 1 patient with prior PD-1 inhibitor exposure or intralesional
therapy. Eleven patients received anti-PD-1 monotherapy and 4 re-
ceived CTLA-4/PD-1 blockade and were evaluable for BOR at time of
analysis. Eleven out of 15 patients achieved complete response, with
two partial responses, one patient exhibiting stable disease and one
patient with progressive disease per RECIST v1.1 criteria. Of the 9 pa-
tients that underwent surgery, 6 attained complete pathologic re-
sponse. Relapse free survival was 26 months and all patients
remained alive at time of analysis. Four cases of disease relapse oc-
curred, without correlation with peCTL frequency. Treatment was
well tolerated, with grade 1/2 diarrhea, pruritus, arthralgia, and
hypothyroidism most frequently reported. Grade 3/4 adverse effects
included two isolated cases of gastritis and anaphylaxis.

Conclusions

Our results suggest the efficacy of peCTL directed neoadjuvant treat-
ment in unresectable Stage Il melanoma with the large proportion
of patients achieving complete treatment response with acceptable
toxicity profile. These promising data from this exploratory analysis
merit further investigation with a larger cohort validation study.

Trial Registration

UCSF IRB Protocol 138510
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Background

Head and neck squamous cell carcinoma (HNSCC) is one of the ma-
lignant diseases with highly immunosuppressive tumor microenvir-
onment, which limits the efficacy of cancer therapies. Tumor
infiltrating lymphocytes (TIL) express immune checkpoint receptors
in the microenvironment, which can be divided into two groups, in-
hibitory receptors, such as Programmed Death 1 (PD-1), and costimu-
latory receptors, such as CD137 and OX40. However, the T cell in TIL
exhibit dysfunctional status and the inhibitory receptors has more
dominant effect than the costimulatory receptor. The aim of this
study was to investigate whether there is crosstalk between PD-1,
CD137 and OX40 pathways in TIL expressing multiple immune check-
point receptors. [1, 2, 3, 4, 5]

Methods

We used PD-L1 (the ligand of PD-1) beads alone or in combination
with CD137 or OX40 agonists to treat TIL T cell for 48 hour. Also we
used anti-CD3/CD28 beads treated PBL to mimic the TIL environment.
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Results

TIL T cells treated with anti-CD3/CD28/PD-L1 beads expressed less
CD137 and OX40, and produced less IFN-g than control-treated TIL T
cells. Activated PBL T cells treated with anti-CD3/CD28/PD-L1 beads
showed similar results as TIL. CD137 or OX40 stimulation could par-
tially reverse this effect.

Conclusions

The result suggest the potential for intracellular signaling cross-talk.
We are investigating the pathways is involved in the PD-1, CD137
and OX40 crosstalk.
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Background

Characterization of the immune status of patients will become in-
creasingly important to personalize cancer treatments [1]. As the
number of treatment options is expected to dramatically increase in
the next years, standardized information that guides treatment deci-
sion is highly needed. Therefore, we developed a multiplex Immuno-
Oncology (I0) panel to profile the immune status of patient tumors
into biologically meaningful and clinically actionable categories
which support therapy suggestions.

Methods

Three chromogenic IHC assays were developed and optimized for
image analysis (PD-L1/CD68/CD3, PD1/FoxP3/CD8, and Granzyme B)
using brown (DAB), red and green chromogens for several indications.
Definiens’ Cognition Network Technology® was used for spatially re-
solved image analysis of biomarker expression levels combining rule-
based object hierarchy detection with machine-learning strategies. Veri-
fications strategies have been developed in preparation for the applica-
tion in prospective stratification studies. Marker-positive cells were
detected and classified as PD-L1+ tumor cells, (exhausted) CD8+ T cells,
CD3+ T cells, regulatory T cells, and macrophages. Global and local
densities were computed within regions annotated as Tumor Center
and Invasive Margin as well as within automatically detected tumor epi-
thelium (TE) and non-epithelial regions (NE).

Results

Based on the measured densities, NSCLC patients were grouped into
one of six possible immune status categories and biomarker profiles
have been computed. Additionally, heterogeneity between patients
within one category is discussed against the backdrop of therapy
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suggestions and applicability in further indications. The intra-tumoral
biomarker heterogeneity is visualized with cell co-occurrence heat
maps and regional context maps, providing insights on inhibition
status, effector status, and checkpoint blockade (Fig. 1).

Conclusions

Our 10 Panel serves as a ready-to-use approach for standardized im-
mune profiling that quantifies the set of seven and subsequently
more biomarkers reproducibly on a continuous scale. Definiens' Tis-
sue Phenomics® technology combined with Mosaic’s multiplex IHC
assays provides next generation spatial and functional resolution of
the tumor microenvironment. In the future, we envision applications
that facilitate the identification of novel prognostic and predictive
signatures, with the goal to support stratification and guide eligibility
of patients for a broad range of therapeutics.

Selected maps are shown for two immune status categories belong-
ing to either hot tumors (top) or cold tumors (bottom). A: Light blue:
PD-L1 negative T cells, Darker blue: PD-L1 negative T cells (NE), Light
Green: Macrophages (TE), Dark Green: Macrophages (NE), Orange:
PD-L1 positive T cells, Red: PD-L1 positive tumor cells. B: Red/Light
Blue: PD-L1 positive/negative tumor cells, Orange: Macrophages,
Green: T cells.
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Fig. 1 (abstact P54). Regional context maps displaying potential
checkpoint blockade (A) and PD-L1 landscape (B)
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Background

Ipilimumab, which blocks the CTLA-4 pathway, is an effective im-
munotherapy treatment for melanoma and in combination with
nivolumab for other malignancies. To improve the potency of this
immune checkpoint inhibitor, the Fc region of ipilimumab was al-
tered to enhance antibody-dependent cellular cytotoxicity (ADCC) ac-
tivity and thereby the potential for increased T-regulatory cell
depletion. Here, we assessed the ability of a non-fucosylated form of
ipilimumab (anti-CTLA-4-NF) to modulate T cell activity in a non-
human primate pharmacodynamics (PD) vaccine model.

Methods

Mauritian cynomolgus macaques (MCMs) were preselected for the
high frequency allele Mafa-A1*063 and vaccinated intramuscularly
with 2 non-replicating adenovirus serotype 5 (Ad5) viral constructs,
encoding simian immunodeficiency virus (SIV) Gag or Nef proteins.
Following vaccination, the animals received a single dose of either a
vehicle control, ipilimumab, or anti-CTLA-4-NF. Ipilimumab and anti-
CTLA-4-NF were administered intravenously at either 1 or 10 mg/kg.
Peripheral blood was sampled pre-treatment and then longitudinally
over 7 weeks. Vaccine-elicited T cell responses and major T cell sub-
sets were measured by flow cytometry, including the use of peptide-
loaded MHC class | tetramers, and IFN-gamma ELISPOT assays.
Results

A single dose of ipilimumab or anti-CTLA-4-NF resulted in augmenta-
tion of antigen-specific CD8* T cell responses at early (2-3 weeks
post-vaccination) and later time points (>6 weeks). The resulting per-
ipheral immune responses included T cells directed against the SIV
protein inserts as well as against the Ad5 viral vector itself. Both
treatments also enhanced circulating CD8" and CD4* T cell prolifera-
tion as measured by intracellular Ki-67 expression. Anti-CTLA-4-NF
demonstrated enhancement of the vaccine-induced T cell responses
over that observed in ipilimumab-treated MCMs. This included in-
creased CD8" CD3* tetramer® frequencies of 2 immunodominant
SIV-specific T cell responses by flow cytometry (at 3 weeks post-
vaccination: Nef RM9 median, 4.16% with anti-CTLA-4-NF vs 1.95%
with ipilimumab treatment; Gag GW9 median, 3.08% with anti-CTLA-
4-NF vs 1.17% with ipilimumab treatment).

Conclusions

Using this non-human primate PD vaccine model, we observed that
immune checkpoint blockade with anti-CTLA-4 augments T cell acti-
vation and proliferation in circulating blood. These results suggest
that, in addition to the use of non-human primates in toxicology
models, the evaluation of antigen-specific T cell responses in MCMs
provides meaningful preclinical pharmacological assessment of hu-
man drug candidates that target immune modulation. The improved
T cell activity observed in these studies also lend support for the use
of anti-CTLA-4 antibodies for vaccine enhancement, broadening the
potential utility of next-generation anti-CTLA-4 antibodies beyond
cancer therapy.
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Background

Human T cell antigen receptors play a critical role in protective adap-
tive immune responses to infectious disease and cancer, but are also
implicated in autoimmune disease and the emergence of severe

Page 42 of 244

immune-mediated adverse events during immunotherapy. The anti-
gen specificity of the T cell receptor is determined in part by the se-
quence of the CDR and Framework regions encoded by the TCRB
variable gene. Previous studies of population sequencing data indi-
cate that current antigen receptor allele databases, such as IMGT, fail
to capture a significant portion of human variation, though interpret-
ation of this data is challenging. Here we sought to use long ampli-
con multiplex sequencing of rearranged TCRB receptors to validate
putative novel human variable gene alleles previously recovered
from 1000 genomes data.

Methods

TCRB rearrangements were amplified from cDNA template from 85
Caucasians undergoing treatment for melanoma using lon Ampli-
Seq™-based multiplex Framework 1 and Constant gene primers to
produce ~330bp amplicons. Samples were sequenced in multiplex
using the lon 530™ chip to produce ~1.5M raw reads per sample.
Raw data was uploaded to lon Reporter™ for clonotyping and identi-
fication of rearrangements containing variable gene sequences ab-
sent from the IMGT database. Putatively novel sequences were
compared with those reported in the Lym1k database of alleles re-
covered from 1000 genomes sequence data.

Results

We identified 15 variants of variable gene alleles, absent from the
IMGT database, which result in amino acid changes to the CDR or
Framework regions of the T cell receptor. Typically, a single individual
was found to be heterozygous for a novel variant, though we note
two instances of novel alleles that are found in multiple individuals
within this cohort. We also find evidence for novel variable gene al-
leles that are absent from the Lym1k database, potentially due to
challenges in inferring receptor alleles from short-read population se-
quencing studies.

Conclusions

We find evidence for significant human diversity in TCRB variable
gene alleles beyond what is currently represented in the IMGT data-
base. TCRB sequencing using multiplex Framework 1 and Constant
gene targeting primers is ideally suited for studying the role of T cell
antigen receptor diversity in autoimmune disease and the emer-
gence of immune-mediated adverse events during immunotherapy.
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Background

TCRB immune repertoire analysis by next-generation sequencing is
emerging as a valuable tool for research studies of the tumor micro-
environment and potential immune responses to cancer immuno-
therapy. Here we describe a multiplex PCR-based TCRB sequencing
assay that leverages lon AmpliSeq™ library construction chemistry
and the long read capability of the lon S5™ 530 chip to provide
coverage of all three CDR domains of the human TCR beta chain. We
demonstrate use of the assay to evaluate tumor-infiltrating T cell rep-
ertoire features and monitor manufacture of therapeutic T cells.
Methods

To evaluate assay accuracy we sequenced libraries derived from 30
well-studied T cell lymphoma rearrangements, then compared our
results with those reported by another commercially available im-
mune repertoire sequencing technology. We next used the assay to
profile tumor infiltrating T cell repertoires for a cohort of 19
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individuals with non-small cell lung cancer. We correlate repertoire
features with gene expression profiling data. We then harnessed the
long read capability of the assay to profile T cells at various stages of
the therapeutic T cell manufacturing process.

Results

Long read TCRB sequencing of 30 reference rearrangements yielded
strong linearity in detection of clonal frequencies in reference spike-
in experiments. We demonstrate the quantitative nature of the assay
by studying populations of counted T cells. Profiling of T cell
repertoires in non-small cell lung cancer samples revealed a positive
correlation between the number of clones detected and CCR7,
CXCR5 and CD3 expression. T cell Evenness (i.e. normalized Shannon
Entropy) correlated most strongly with myeloid-specific genes and
markers for T cell exhaustion and was anti-correlated with IFNG
expression. Sequencing of therapeutic T cells during manufac-
ture revealed a steady increase in the evenness of clone sizes
during in vitro expansion and allowed for quantification of
clonal expansion.

Conclusions

These results demonstrate: 1) The accuracy and versatility of immune
repertoire sequencing using lon AmpIiSeqTM library construction 2)
The benefit of combining targeted gene expression and repertoire
profiling for studies of the tumor microenvironment 3) The utility of
repertoire sequencing covering all CDR regions in monitoring the
manufacture of therapeutic T cells.
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Background

T cell clonotypes with shared T cell receptors (public TCRs [pTCRI)
are involved in the immune response to chronic viral infections, how-
ever, their role in immune responses to cancer is largely unknown.
We evaluated the association of NY-ESO-1 specific pTCR sequences
and survival in solid tumor patients treated with LV305 or CMB305,
which are active immunotherapies based on the dendritic cell target-
ing lentiviral vector platform ZVex®, expressing the cancer-testis anti-
gen NY-ESO-1.

Methods

Peripheral blood mononuclear cells (PBMC) were collected before
and after patients with NY-ESO-1 positive solid tumors, including soft
tissue sarcomas, received therapy with LV305 or CMB305 (n=64).
PBMC were subjected to deep sequencing to study the repertoire of
the TCRVB-CDR3 region.

Results

The TCR-VB CDR3 amino acid sequences of three NY-ESO-1 specific
pTCR clones obtained through in vitro culture from a LV305 patient
with a near complete response were fully conserved in 41/56 (73.2%)
of LV305/CMB305 patients and 54% of 539 healthy blood donors. In-
duction of NY-ESO-1 pTCR on LV305 or CMB305 therapy (baseline
negative to positive, or doubling of frequency) was observed in 31%
of patients and was associated with a trend towards better overall
survival (data as of ASCO 2017). Querying TCR databases from mul-
tiple published clinical trials revealed NY-ESO-1 pTCR sequences in
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blood of patients with melanoma (6/13), renal cancer (1/3), and glio-
blastoma (6/13), and with a lower incidence in tumor biopsies.
Conclusions

We have identified NY-ESO-1 specific public TCRs in the PBMC of
cancer patients undergoing active immunotherapy, as well as in
healthy blood donors. In patients, the induction of pTCR appeared to
be associated with better survival, whereas their presence in healthy
blood donors may indicate frequent low-level baseline T cell immun-
ity against this cancer testis antigen. pTCR should be investigated as
a prognostic or predictive biomarker of cancer immunotherapies tar-
geting NY-ESO-1, and possibly other cancer-testis antigens.
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Background

Sample preparation for multi-color flow cytometry analysis requires
staining of suspension cells with a mix of fluorescently labelled anti-
bodies. This preparation requires the need to centrifuge and pack
cells multiple times in order to wash away the excess of fluorescent
antibody unbound to cells. Here, we explore a novel way to stain cell
suspension by using wall less DropArray and Laminar flow wash
properties of DA-Cell.

Using PBMC samples stained with various multi-color panels of 6, 11
and 21 antibodies, standard centrifugation or DA-Cell wash method
was performed before acquisition with flow cytometry. We then sub-
jected multi-parametric acquired flow data to unbiased clustering
analysis with Cytofkit Bioconductor package.

Clustering Analysis and flow cytometry raw acquisition revealed im-
proved segregation of surface markers intensity and cell population
when DA-Cell wash method was used as compared to standard cen-
trifugation method. Human annotation of multiple immune cell
population type was also facilitated with DA-Cell wash method as
compared to standard centrifugation wash method based on sto-
chastic non-linear embedding (T-SNE) clustering map results. DA-Cell
method led in unbiased analysis to identification of CD4 CD57 cells
and switch memory B cells absent from standard centrifugation wash
method.

The superior separation and identification of cell population with DA-
Cell offers a new perspective to study various rare immune cell
populations.

Methods

Using PBMC samples stained with various multi-color panels of 6, 11
and 21 antibodies, standard centrifugation or DA-Cell wash method
was performed before acquisition with flow cytometry. We then sub-
jected multi-parametric acquired flow data to unbiased clustering
analysis with Cytofkit Bioconductor package.

Results

Clustering Analysis and flow cytometry raw acquisition revealed im-
proved segregation of surface markers intensity and cell population
when DA-Cell wash method was used as compared to standard cen-
trifugation method. Human annotation of multiple immune cell
population type was also facilitated with DA-Cell wash method as
compared to standard centrifugation wash method based on sto-
chastic non-linear embedding (T-SNE) clustering map results. DA-Cell
method led in unbiased analysis to identification of CD4 CD57 cells
and switch memory B cells absent from standard centrifugation wash
method.

The superior separation and identification of cell population with DA-Cell
offers a new perspective to study various rare immune cell populations.
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Conclusions

The superior separation and identification of cell population with DA-
Cell offers a new perspective to study various rare immune cell
populations.

Consent to publish

Consent granted.
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Background

The preparation of cell suspension samples for flow cytometry com-
monly involves staining of cells with a specific fluorescent marker for
detection of a cell population or a cell phenotype. For over half a
century this standard preparation has required the need to centri-
fuge and pack cells at 500g for multiple times in order to wash away
the excess of fluorescent marker unbound to cells. This “worldwide
standard” remains however, inherently loses a significant portion of
the cell population, particularly when cells are fixed and perme-
abilized. The biggest challenge imposed by the loss of cells is a well-
known belief and intuition that the loss of cells varies depending on
cell types and processing. The biggest challenge imposed by the loss
of cells is a well-known belief and intuition that the loss of cells var-
ies depending on cell types and processing.

Methods

Here, we present a new convenient methodology to wash suspen-
sion cells based on unique laminar flow properties of DropArray plate
technology DA-Cell. This technology offers after multiple wash more
than 95 % retention of millions of suspension cells and uses natural
gravity without cells packing. The cell retention of 95 % can further
increase when incubation time of cells and reagents increases by
10 - 20 min as the slight increase of the incubation time helps precipi-
tating cells onto a plate surface by gravity. As an automated method
DA-Cell wash is performed conveniently and consistently in 2-4
minutes as compared to a common 20-40 minutes requirement with a
centrifugation wash based method.

Results

Application of this new technology on various sample preparation
for flow cytometry analysis showed improvements in cell viability,
segregation of cell population and detection of rare immune cell
population when compared to conventional sample preparation.
Various examples of multi-color flow cytometry analysis will be pre-
sented to demonstrate the performance of this new technology.
Conclusions

With minimal hands on time, DA-Cell technology enables researchers
to conduct complex multi-parametric flow cytometry cell assays with-
out the cellular stress or long time associated with centrifugation
based procedures.

Consent to publish

Consent granted.
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Background

Recent data on the incidence malignant pleural mesothelioma (MPM)
and the continued large-scale use of asbestos throughout the devel-
oping world portends an epidemic of asbestos-related disease. MPM
is an aggressive and fatal cancer with few treatment options. Recent
advances in large scale genomic and high throughput cellular ana-
lyzes now provide the tools to more easily attain markers of disease
status and potential responsiveness to immunotherapeutics.
Methods

Here we present pre-treatment cellular and genomic biomarker data
on a cohort of chemotherapy-naive MPM patients, and demographic-
ally matched healthy donors (HD). MPM patients were enrolled in a
Phase 1b study utilizing CRS-207, a live, attenuated Listeria monocyto-
genes strain engineered to express the tumor-associated antigen,
mesothelin. Four different multi-color flow cytometry panels were
used to provide resolution on major immune cell populations of T
cells, y& T cells, B cells, dendritic cells, monocytes, and natural killer
cells. Together, these panels provided deeper resolution on 39 dis-
tinct subpopulations of major immune cell subsets. RNA from these
cells was used to perform multiplex gene expression analysis on 770
genes using the Nanostring nCounter PanCancer Pathway Panel.
Results

FACS analysis yielded numerous subpopulations with statistically
significant differences between MPM patients and healthy controls.
Differences in immune populations were analyzed by median and
significant findings included populations of CD4" T cells, CD8* T cells,
B cells, classical monocytes, and monocytic myeloid derived suppres-
sor cells. Class comparison and hierarchical clustering of gene expres-
sion data revealed genomic markers that were significantly
expressed in MPM compared to healthy controls. Immune subset de-
convolution of gene expression data provided similar findings as
FACS analysis and corroborated this disease signature across expeti-
mental platforms.

Conclusions

Understanding a patient’s biological disease signature can aide in
diagnosis, as well as in making informed choices about therapies
amidst the complex and broadening immunotherapeutic landscape.
Until recently, existing biomarker data in MPM has been limited to a
small number of serological markers and limited immune analysis.
Here, we present the first comprehensive report of a MPM disease
signature from the cellular and genomic perspectives. Correlation of
patient baseline disease signatures with treatment outcome may
yield biomarkers predictive of treatment efficacy. Predictive signa-
tures are being investigated in the on-going Phase 1b study of CRS-
207 and chemotherapy, as well as in the Phase 2 study of CRS-207
with pembrolizumab in MPM patients who failed prior treatment.
Trial Registration

ClinicalTrials.gov Identifier NCT01675765; NCT03175172
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Background

Checkpoint inhibitors have transformed cancer therapy, although
outcomes can be variable. Response to anti-PD1 therapies depends
in part on tumor type and characteristics, particularly its mutation
burden, as well as pre-existing antitumor immunity. These parame-
ters may constitute the basis for patient stratification strategies for
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several immuno-oncology therapies. This analysis aimed to
characterize the relationship between the local immune environment
at the tumor site and peripheral immunity in melanoma and non-
squamous non-small cell lung cancer.

Methods

Melanoma (n=42) and non-squamous non-small cell lung (n=40)
FFPE tumor biopsies and peripheral blood mononuclear cells (PBMC)
were provided by the Moffitt Cancer Center. All patients were appro-
priately consented through Total Cancer Care (TCC) protocol. None
of these patients had received treatment with checkpoint inhibitors.
For local immune responses, we used gene expression data in FFPE
tissues to calculate inflammatory signature scores in the tumors [1].
For systemic responses, we performed flow cytometry for T cell sub-
populations in PBMC. Control PBMC (n=27) were obtained from the
BMS employee volunteer blood donation program.

Results

We observed that there are distinct circulating T cell maturation pat-
terns that distinguish between control samples and those belonging
to patients with the studied tumors. We detected particular circulat-
ing T cell profiles in patients with melanoma and non-squamous lung
cancer who have an inflammatory milieu in the tumor as determined
by inflammatory signature score.

Conclusions

These findings represent progress in the characterization of periph-
eral immunity, as it relates to the inflammatory immune status in the
tumor. The results also provide potential approaches to measure the
immune response which are more easily accessible compared to
tumor biopsies.

Reference
1. Spranger, Bao, Gajewski. Melanoma-intrinsic beta-catenin
prevents anti-tumor immunity. Nature. 2015;523: 231-235.
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Background

Biomarkers are unavailable to accurately predict clinical response to
checkpoint blockade therapy. We employed the SPADE (spanning-
tree progression analysis of density-normalized events) algorithm to
precisely cluster immune cell phenotypes. Because phenotypic identi-
fication is laborious (Qiu et al, 2011, Nature Biotechnology,
29(10):887-891), we developed a novel algorithm to address this
challenge. We explored whether nitric oxide levels are differentially
expressed in distinct immune cell subsets before and after check-
point blockade therapy, which may serve as a reliable biomarker.
Methods

Patients with resected stage Ill/IV melanoma were treated with ipili-
mumab plus a peptide vaccine. Pre and post treatment peripheral
blood mononuclear cells (PBMCs) at week 13 were available for ana-
lyzes 44 patients pre-treatment samples, 35 patients had both pre/
post treatment samples; Sarnaik et al., 2011, 17(4):896-906). Two flow
cytometry panels (100,000 live cell events; LSR Il flow cytometer)
were constructed to compare PBMCs collected pre and post ipilimu-
mab/vaccine treatment (Myeloid panel: nitric oxide stain (DAF-FM),
HLADR, CD33, CD11b, CD14, CD15, and CD11¢; Lymphoid panel:
DAF-FM, CD3, CD4, CD8, CD25, CD127, CD56, CD19, and CD11c). Con-
trols included: flow cytometric compensation beads to establish ro-
bust compensation matrices, fluorescence minus one controls to set
negative and positive gates, isotype controls to control for patient
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variations, and a live/dead marker. SPADE was utilized to cluster and
differentiate cell populations based on marker expression, and then a
novel algorithm, MPAT-R (multi-parameter phenotyping analysis tool
in R) was developed to quickly determine cell phenotypes in the
SPADE tree.

Results

By the MPAT-R algorithm, 58/200 lymphoid and 116/200 myeloid phe-
notypes were differentially expressed after ipilimumab/vaccine treat-
ment (Wilcoxon signed-rank test, False Discovery Rate (FDR) <0.05). Ten
myeloid and 7 lymphoid phenotypes post-treatment trended with
relapse-free survival (RFS) at one year (p <0.05, FDR >0.05, Wilcoxon
rank-sum test). Two lymphoid and myeloid populations pre-treatment
trended with RFS at one year (Cox regression, Wilcoxon rank-sum test,
p <0.05, FDR >0.05). Two interesting populations associated with
increased RFS were: a) Monocytic myeloid cells without NO
(HLADR*CD33*°"CD11b"CD14*"°“DAF-FM™9) and b) naive/central
memory T cells containing intermediate levels of NO (CD8"CD127"CD25
DAF-FM*o"),

Conclusions

To our knowledge, this is the first application of SPADE to pre/post
clinical immunotherapy PBMC samples. The MPAT-R algorithm effi-
ciently detected immune cell phenotypes associated with increased
RFS as potential biomarkers for immune checkpoint blockade ther-
apy with ipilimumab. Future studies will focus on the potential im-
munosuppressive role of NO identified in precise immune cell
subsets both in the circulation and in the tumor microenvironment.
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Background

Characterization of the spatial distribution and abundance of key
proteins within tissues enables a better understanding of biological
systems in many research areas, including immunology and oncol-
ogy. However, it has proven difficult to perform such studies in a
highly-multiplexed manner on FFPE tissue sections. To address this
unmet need, we have developed a novel imaging platform, Digital
Spatial Profiling (DSP), designed to simultaneously analyze 10’s to
100's of proteins from discrete regions by detecting oligos conju-
gated to antibodies that can be released via a UV-cleavable linker.
Here we describe the validation of the oligo-conjugated antibodies
used with this new approach to highly multiplexed protein analysis.
Methods

Various antibodies targeting important immuno-oncology proteins
(CD3, CD4, CD8, CD45, PD1, PD-L1, etc.) were tested for specificity
and sensitivity. Immunohistochemisty was performed on FFPE human
tissues including tonsil and tumor samples, as well as human cell line
pellets to evaluate binding specificity in both unconjugated and
oligo-conjugated antibodies. The sensitivity and dynamic range of
oligo-conjugated antibodies were tested using FFPE cell pellets with
target-specific positive and negative cells at different ratios (0:100,
5:95, 20:80, 50:50, 100:0) and specific limits-of-detection (LODs) were
determined. An interaction screen was performed to evaluate poten-
tial deleterious effects of multiplexing antibodies. Finally, a human
tissue microarray (TMA) containing normal and cancer tissues was
employed to assess assay robustness.

Results

Immunohistochemical analysis of antibodies integrated into the cock-
tail displayed indistinguishable staining patterns on control tissues
and cell lines for both unconjugated and oligo-conjugated anti-
bodies. Mixed-proportion cell pellet assays revealed strong
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correlations between observed counts above background and posi-
tive cell numbers in a region of interest, allowing us to accurately cal-
culate LODs. For example, CD3 displayed a LOD of 4% when assayed
using a cell pellet mixture containing increasing numbers of CD3*
CCRF-CEM cells with CD3"” HEK293T cells. Antibody interaction studies
showed similar count values for antibodies alone or in combination
(R? > 0.8). Finally, TMA hierarchical clustering analysis demonstrated
expected patterns for immune cells and tumor cells across normal
and disease tissue types.

Conclusions

These results demonstrate that indexing oligo conjugation does not
interfere with antibody specificity and that these conjugated anti-
bodies are robust reagents for quantification of protein abundance.
Continued work on the DSP platform will expand the library of anti-
bodies accessible for profiling.
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Background

Characterization of the abundance, distribution, and colocalization of
key immunoregulatory proteins within the tumor microenvironment
is necessary for a thorough understanding of tumor immune re-
sponses. Historically, immunohistochemistry and immunofluores-
cence have been used to assess spatial heterogeneity of proteins in
tissue slices, but these techniques are of limited utility due to the
challenge of measuring multiple targets in parallel. We recently de-
veloped a platform to enable spatially-resolved protein detection
with the potential to simultaneously quantify up to 800 targets from
a single formalin-fixed paraffin-embedded (FFPE) sample slide,
termed Digital Spatial Profiling (DSP). To demonstrate preclinical ap-
plications of DSP, we have developed an assay to detect and quan-
tify ~20 key immuno-oncology (IO) targets in mouse FFPE tissue
sections.

Methods

DSP uses DNA oligo tags covalently linked to detection reagents (pri-
mary antibodies) via a UV photocleavable linker to identify targets in
situ and enable quantitation via the standard nCounter® technology.
A slide-mounted FFPE tissue section is incubated with a cocktail of
oligo-labeled primary antibodies, and a serial section is stained with
low-plex visible/fluorescent probes (e.g. nuclear staining probes, or
select antibody pairs such as anti-CD3) to generate an image of the
FFPE tissue slice morphology. Regions of interest (ROI) in the tissue/
tumor are then identified and sequentially illuminated with UV light
to release the DNA-oligos. Following UV illumination, the photo-
cleaved oligos are released into the aqueous layer above the tissue
slice, collected via microcapillary aspiration, and stored in an individ-
ual well of a microtiter plate. Oligos are then hybridized to nCounter
optical barcodes to permit ex-situ digital counting of as many as 800
different analytes localized within a single ROI, which can be refer-
enced using image capture software.

Results

We demonstrate preclinical applications of this technology by
characterization of a panel of immune proteins on mouse FFPE
tumor and normal tissue sections. We demonstrate that this ap-
proach enables protein detection at single cell resolution, and en-
ables simultaneous multiplexed detection of AKT, B7-H3, Beta-2M,
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Beta-Catenin, CD3, CD4, CD8, CD45, CD68, PD-1, PD-L1, GZMB, Ki67,
pan-cytokeratin, Stat3 and additional key 10 targets.

Conclusions

The ability to measure DNA, RNA, and protein at up-to 800-plex from
single slices of FFPE tissue may improve the early evaluation of drug
targets with high-resolution spatial information, enable the discovery
of key immune biomarkers in mouse tissue (tumors and in-
flammation et al), and accelerate the preclinical development of
immunotherapies.
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Background

Spatial characterization of immune activations and tumor proteins
within tumor tissues enables a better understanding of immunology
and oncology. However, it has proven difficult to perform such stud-
ies in a highly multiplexed manner using limited samples. To address
this unmet need, we have developed an imaging and tissue-
sampling platform designed to simultaneously analyze hundreds of
tumor and immune proteins in a single FFPE tissue section with
spatial resolution. Using this approach, we demonstrate that a single
FFPE tissue section is enough to obtain multi-dimension data sets,
such as solid tumor protein expression, immune activity, and cancer
pathways with an emphasis on markers important for cancer
immunotherapy.

Methods

We developed a novel optical-barcode based microscope that can
spatially resolve up to 800 different proteins or RNAs on a fixed tis-
sue (Digital Spatial Profiling, DSP). DSP probes are not multiplex-
limited by spectral resolution. Instead, colors are determined using
barcode indexing oligos that are conjugated to antibodies or nucleic-
acid probes via UV-cleavable linkers. The UV-cleavage is precisely
controlled by a programmable digital micromirror device that can il-
luminate discrete regions ranging from entire tissue microenviron-
ments to single-cell and subcellular regions. Following spatially-
defined UV light exposure, released indexing oligos are siphoned off
the tissue surface via a microcapillary tip. For quantification of signal,
the UV-cleaved oligos from spatially-resolved regions of interest
(ROIs) are hybridized to NanoString barcodes, providing digital
counts of the protein or RNA targets in each ROl using standard
NanoString nCounter® instruments.

Results

Using this novel approach, we demonstrate multiplexed detection
from discrete micro regions within a tumor enables systematic inter-
rogation of tumor protein expression and immune activity inner or
outer regions of tumors. In addition, the whole tissue analysis allows
us to characterize and link global distribution of tumor protein ex-
pression, immune activity and cancer pathways.

Conclusions

The simplicity of the DSP platform allows high-resolution, high-
multiplexed, spatially-resolved tumor and immune protein
characterization in any laboratory capable of performing immunohis-
tochemistry procedures. DSP platform provides a potential method
that can bridge the gap between translational research discovery
and clinical applications.
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Background

Cancer immunotherapy has become a mainstay of cancer treatment.
These agents can target the tumor/lymphocyte interaction in the
tumor microenvironment. Therefore, analysis of tumor infiltrating
lymphocytes (TIL) needs to be part of comprehensive immunomoni-
toring in patients receiving immunotherapy. There are two major ap-
proaches to isolate TIL, enzymatic digestion and mechanical
dissociation. While enzymatic digestion may give better yields, it po-
tentially destroys epitopes. In contrast, mechanical digestion may
preserve epitopes, but can suffer from poor yields and reduced via-
bility of TIL. As standardization of TIL isolation for flow cytometry is
key to accurate and precise phenotyping of TIL populations, we com-
pared these different approaches for cell yield, epitope preservation
and viability.

Methods

Three different isolation techniques were tested: 1) Miltenyi tumor
dissociation kit, 2) enzymatic digest, and 3) mechanical isolation.
Results

The Milenyi protocol and lab prepared enzymatic digests delivered
higher yield of TIL from tumor, but proteases in the enzyme mix
cleaved proteins and chemokine receptors on the cell surface of T
cells. Mechanical dissociation preserved the integrity of the surface
antigens and chemokine receptors, but negatively impacted the abil-
ity to breakdown the the tumor matrix and release TIL populations
into a homogenous single cell suspension. A combination of mech-
anical dissociation through sieves and 15 minutes enzymatic digest
buffered with HSA at room temperature yielded high recovery of
Tregs, retention of surface markers and chemokine receptors and
good viability.

Conclusions

The combination of enzymatic digestion and mechanical dissociation
provided the best result. Due to small tumor size, frequently <1g,
and high heterogeneity from tumor to tumor, it is challenging to val-
idate TIL isolation methods for reproducibility and precision. There-
fore, we are evaluating a surrogate system using mouse tumors,
which allows us to directly compare methods and test proficiency of
technologists.
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Background

mTNBC has poor prognosis and few treatment options. Atezolizumab
(anti-PD-L1) demonstrated clinical activity in mTNBC, which has been
linked to high levels of tumor-infiltrating lymphocytes (TILs) and PD-
L1 expression. We describe the immunologic and genomic evolution
of TNBC across sequential therapies in a patient with a 31-year his-
tory of TNBC and complete response (CR) to atezolizumab.

Methods

A 48-year-old woman enrolled in the Phase la atezolizumab study
(PCD4989g) on March 5, 2013. She presented in 1986 with early
TNBC and had surgery and radiotherapy (XRT). Two locoregional re-
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currences were managed with surgery and adjuvant chemotherapy.
In 2009, she was diagnosed with mTNBC and was sequentially
treated with capecitabine, gemcitabine-carboplatin-iniparib (GCl),
XRT and an experimental vaccine. She then received atezolizumab
for 1 year with partial response (PR), pseudoprogression and rever-
sion to PR. After 1 year off-treatment, she progressed and reinitiated
atezolizumab, achieving a CR. Ten tumor tissues obtained between
2008-2015 were assessed by immunohistochemistry, RNA-seq (lllu-
mina) and DNA-seq (FoundationOne).

Results

Tumor-immune microenvironment (TIME) biomarkers, including CD8,
TILs and PD-L1, increased after capecitabine exposure, remaining
high after GCI and XRT and through pseudoprogression on atezolizu-
mab. At relapse post-atezolizumab, expression of TIME biomarkers
decreased, particularly PD-L1. Immune-related RNA signatures (T and
B cells, cytotoxicity and antigen presentation) confirmed these find-
ings. Angiogenesis signature varied over time and was highest at
early time points, lower post-capecitabine, higher before GCl, lowest
at pseudoprogression and increased at relapse post-atezolizumab.
Proliferation signatures were highest in early tumors, decreasing over
time. TNBC subtyping confirmed evolution of TiME from luminal
androgen receptor (LAR) to basal-like immune suppressed (BLIS),
then to basal-like immune active (BLIA) post-capecitabine and
through pseudoprogression, with reversion to BLIS at relapse post-
atezolizumab. Genomic profiling suggested possible driver mutations
in RB1 and TP53. MYC amplification was lost over time, possibly asso-
ciated with decay of the proliferation signature. The incidence of
subclonal somatic mutations peaked post-XRT and were undetect-
able post-atezolizumab. Likewise, tumor mutational burden was high-
est post-XRT and lowest at pseudoprogression.

Conclusions

This case report describes the evolution of tumor immunity and mo-
lecular subtypes with sequential therapies over time in a patient with
TNBC and CR to atezolizumab. Immune, stromal and genomic bio-
markers of TIME demonstrated temporal plasticity across multiple
therapies, including atezolizumab. These findings suggest that TIME
is pliable and may be strategically manipulated to maximize re-
sponse to immunotherapy.

Trial Registration

ClinicalTrials.gov Identifier NCT01375842

Consent to publish

Written informed consent was obtained from the patient for this
publication. A copy of written consent is available upon request.
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Background

Tumor infiltrating lymphocytes (TILs) represent positive prognostic
and predictive indicators of patient outcomes. Their signature genes
are, however, still under tight control by the overwhelming tumor
microenvironment. Therefore, despite many of these genes reflecting
effector T cell subsets, their totalities actually belong to a failed im-
mune response (FIR) against cancer. This was best first exemplified
by association of renal cell carcinoma (RCC) TILs with poor prognosis,
yet was later also validated to be a reversible TIL condition by use of
immune-checkpoint modulators. Since circulating T cells can share
TIL tumor-reactivity and neoantigen-specificity, we used profiles of
circulating RCC CD8" and CD19" lymphocytes and their paired TILs
and normal tissue infiltrating immune cell (TIIC) counterparts as a
model of a FIR signature. Commonalties of this signature were ob-
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served in several other solid cancers and represents a diagnostic,
prognostic, and targetable biomarker model pipeline defining novel
and feasible immunotherapeutic targets.

Methods

A rapid extraction protocol isolated RNA from CD8* effector and
CD19* antigen presenting cells (APC) isolated from paired TILs, TIICs
and PBMCs, and matched normal donor PBMCs. Microarray analysis
interrogating the expression of all genes and RNA isoforms, was
followed by bioinformatics probing an additional 500 RCC validation
cohort. This provided prognostic linkage to biomarker expression, re-
vealing novel antagonistic and agonistic targets, which were refined
using clinical datasets from 11,000 additional patients with lung,
breast, gastricc and ovarian cancers. Feasible novel immune-
promoting targets exclusively expressed by immune cells, and in the
context of cancer, included receptors and plasma membrane-
associated proteins, or those having pre-existing targeting small mol-
ecules. These were further investigated for protein-protein interaction
(PPI) and associated pathways, coexpression, and comprehensive lit-
erature reviews establishing relevant immune-cell function.

Results

Validation of original hits from the discovery cohort provided strong
evidence of which cancers were most related at the TIL level, and PPI
revealed that pan-cancer targets were functionally associated in
novel pathways (p = 1.85e-10). Coexpression dynamics reflected key
proteins responsible for APC:effector TIL communication, and results
also showed that lung and breast cancer TILs and circulating PBMCs
were most similar to other cancers, and that a FIR is skewed towards
a diminished expression of genes otherwise expressed by the healthy
population.

Conclusions

We present a strict, comprehensive pipeline defining a pan-cancer
targetable immune-signature having many pre-existing and tested
targeting small-molecules, in an effort to develop more feasible and
broad reaching diagnostics and precision medicine to counter can-
cer, foiled by the surge of bystander TIL-signatures.
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Background

Immune checkpoint inhibitors (ICl) improved non-small cell lung can-
cer (NSCLC) survival in 20% of the patients. Their administration is
decided based on the expression level of PD-L1 on tumor cells des-
pite limited predictive value of PD-L1 alone. We hypothesized that
ICl action depends on both PD-L1 expression and on the presence of
tumor infiltrating lymphocytes (TILs) in the tumor microenvironment.
We developed Halioseek™ according to IVD regulatory processes, a
standardized PD-L1/CD8 dual-staining assay. In addition to PD-L1 de-
tection, critical information is provided on TILs through the detection
of CD8+ cells on the same tissue section. Halioseek™ includes a
Digital Pathology (DP) analysis module to determine CD8+ cell dens-
ity and a proximity index between CD8+ and PD-L1+ cells. Here we
show the main analytical performance of Halioseek™ and concord-
ance with two PD-L1 IVD assays.

Methods

Samples are double-stained with anti-PD-L1 (clone HDX3) and anti-
CD8 (clone HDX1) antibodies, respectively revealed with DAB and
fast-red substrates. The assay is fully automated on the Benchmark
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XT platform (Ventana). Digital images of stained slides are obtained
using a whole slide scanner (Hamamatsu). Percentage of PD-L1 posi-
tive tumor cells (PD-L1+ TC) is estimated by a pathologist; DP ana-
lysis is performed using Halioseek™ DP module.

Staining accuracy of PD-L1 by HDX3 antibody was evaluated by com-
parison with SP263 IVD assay (Ventana) and 22C3 IVD assay (Dako)
on 100+ NSCLC including resections and biopsies. Overall, Positive
percent and negative percent agreements were assessed at 1%, 5%,
10% and 50% of PD-L1+ TC corresponding to published clinical
cut-offs.

The precision of PD-L1 assay was evaluated in terms of repeatability,
inter-primary antibody batches (3 lots), inter-revelation kit batches (3 lots)
and inter-instruments (2 stainers) using 332 slides from 11 independent
NSCLC samples covering the range of the assay.

Results

e PD-L1 staining accuracy: overall agreements with SP263 were
above 90% and with 22C3 above 85%.

® PD-L1 precision: none of the tested parameters had a
significant impact on results showing the robustness of the
assay.

e (CD8+ cell density: distribution spanned between 30 and 1200
cells/mm? ; global CV was below 13%.

Conclusions

Halioseek™ is a new robust IVD assay leveraging the advantages of
DP to combine TILs and PD-L1 quantification within the tumor micro-
environment. Halioseek™ could have a higher predictive performance
than existing IVD tests and could fill a major gap in the management
of ICl administration. As next step we intend to investigate predictive
performance of the assay on ICI treated patient’s samples.
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Background

Peptide-based cancer vaccine is a promising approach in cancer im-
munotherapy. To monitor the efficacy of therapy, a simple tool to
monitor specific T cell response to peptide vaccine is in need. Al-
though MHC multimer and Elispot have been used frequently in vari-
ous vaccine studies, the former requires specialized reagents and
instrument and the latter requires long incubation and imaging
instrument.

Methods

Whole blood ex vivo peptide stimulation assay was developed to in-
vestigate peptide-specific T cell responses. A 60 pL heparin blood
was incubated in triplicate with class | peptide for 4 hours at 37°C to
form a complex among major histocompatibility complex (MHC) -
peptide — T cell receptor (TCR). Following the incubation, mRNA was
isolated and quantified by real-time RT-gPCR. Fold increase of mRNA
was calculated against solvent control in triplicate.

Results

We identified that IFNG, CXCL10 and GMCSF mRNA were significantly
induced (fold increase >2, p value <0.05) by CMV peptide in 4, 4 and
2 out of the 8 healthy donors, respectively. IFN-gamma Elispot assay
confirmed at least 7 of the subjects were positive following 2-week
in vitro sensitization. On the other hand, these genes were not in-
duced by HIV peptide, which was corroborated by Elispot with
in vitro sensitization. To compare the assay performance with Elispot,
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0 to 300 cells of CMV-peptide specific cytotoxic T-lymphocyte (CTL)
were spiked in 1x10° cells of PBMC and assayed by both methods.
The limit of detection was less than 3 to 10 cells for both assays and
a linear correlation between mRNA quantity and Elispot count was
obtained (Pearson correlation; IFNG, -0.942 (p = 4.9x10), CXCL10,
-0.690 (p = 1.3x10), and GMCSF -0.888 (p = 1.1x10™). In a study
with 12 samples of whole blood blindly spiked with peptide-specific
CTL at 2.5 to 12.5x10° cells/mL, the assay sensitivity and specificity of
each mRNA were 17% and 83% for IFNG, 100% and 100% for CXCL10,
and 100% and 33% for GMCSF. These data suggest that these
markers especially CXCL10 could be a useful marker to monitor
peptide-specific T cell response.

Conclusions

The whole blood mRNA assay developed in this study is useful to
measure peptide-specific T cell responses, which could be used to
monitor the efficacy of peptide vaccine therapy.
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Background

Treatment options following immune checkpoint inhibition remain
an area of active investigation across multiple cancer indications, in-
cluding advanced melanoma. Results from the ongoing ENCORE 601
study demonstrated that ENT, a class | selective HDAC inhibitor, com-
bined with PEMBRO elicited a 31% response rate in a cohort of 13
patients with melanoma progressing on or after a PD-1 blocking anti-
body. Assessment of blood and tissue-based biomarkers may be use-
ful to understand how patients who respond to ENT plus PEMBRO
differ from those who do not.

Methods

ENCORE 601 employs a Simon 2-stage design to assess activity of
ENT 5mg PO weekly combined with PEMBRO 200 mg IV every 3
weeks across 4 cohorts: 1) advanced anti-PD-(L) 1-naive NSCLC; 2) ad-
vanced NSCLC progressed on anti-PD-(L)1; 3) advanced melanoma
progressed on anti-PD-(L)1; 4) advanced anti-PD-(L)1-naive microsat-
ellite stable colorectal cancer. Pre-treatment and Cycle 2 Day 15
(C2D15) biomarker analysis included gene expression by Nanostring
Pan-Cancer Immune Profiling Panel, PD-L1 expression by immunohis-
tochemistry, and levels of CD8+ T cells and LOX1+CD15+ MDSCs by
immunofluorescence staining on paraffin embedded human tissue
sections. Phenotypic evaluation of immune cell subsets was con-
ducted in peripheral blood samples collected pre-treatment, C2D1
and C2D15.

Results

All patients enrolled in Stage 1 of the melanoma cohort (n=13)
received a prior anti-PD-1 therapy with eight also receiving prior
ipilimumab, and two receiving prior BRAF inhibitors. Four patients
(31%) had a partial response (PR; 3 confirmed, 1 unconfirmed),
and four additional patients (31%) had stable disease. Pre-and
post-treatment tissue samples were evaluated for PD-L1 expres-
sion (n=10 pre; 7 post), gene expression (n=7 pre; 7 post), CD8+
T cells (n=9 pre; 9 post) and MDSCs (n=9 pre; 9 post). In 3 of the
7 patients whose tissue samples were analyzed for gene expres-
sion (2 with confirmed PRs, one with progressive disease), non-

Page 49 of 244

inflamed tumors at pre-treatment were converted to inflamed. In-
creases in both T cells and MDSCs were observed only in those
tissue samples converted from non-inflamed to inflamed. Overall,
regardless of clinical outcome, we noted a decrease in MDSCs
(-35.7%; n=9) and an increase in CD8+ T cells (47.4%; n=9) be-
tween pre-and post-treatment biopsies.

Conclusions

ENT plus PEMBRO shows promising activity with an overall response
rate of 31% observed in Stage 1. Enrollment to Stage 2 continues. Pre-
liminary biomarker analysis supports our hypothesis that the addition
of ENT restores inflammation in the tumor microenvironment necessary
for successful re-treatment with an anti-PD-(L)1 blocker.
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Background

The tryptophan catabolizing enzyme indole-amine 2,3 dioxygenase 1
(IDO1) has been identified as a potent immunosuppressive mechan-
ism that fundamentally alters the ovarian tumor microenvironment
(TME) and effector T cell function in ovarian cancer. Epacadostat is a
novel oral IDO1 inhibitor that suppresses systemic tryptophan catab-
olism and is currently being evaluated in ongoing clinical trials. Al-
though the pharmacodynamics (PD) effects of epacadostat in
reducing kynurenine concentration in plasma has been demon-
strated in pre-clinical and clinical studies, it is currently unknown
whether the PD effects will occur at the TME and alter it to become
more immunogenic.

Methods

Seventeen patients with newly diagnosed stage Ill or IV ovarian can-
cer underwent pre-treatment tumor biopsy and paracentesis. Sub-
jects were scheduled to receive 600mg epacadostat twice daily for 2
weeks, followed by standard tumor debulking surgery. Peripheral
blood and tumor specimens were utilized to assess the phenotype
and functional status of multiple immune populations in the TME,
define changes in the tumor genomic profile and gene expression
by whole-exome sequencing, Nanostring, and RNAseq, TCR clonal
evolution, and impact on humoral immune responses to cancer-testis
antigens.

Results

Expression profiling identified an upregulated IFNy induced gene sig-
nature in a subset of post-treatment tumor specimens, indicative of
reactivation of IFNy signaling in the TME. Likewise, in increase in CD8
* T cells was detected in some, but not all subjects. Of note, IFNy sig-
naling and increases in CD8" frequency was not consistently ob-
served in all subjects. Evidence of reduced IDO1 enzyme activity,
determined by Kyn:Trp ratio, was observed not only in plasma but
also in ascites fluid for a subset of patients (5 of 7 evaluable ascites
fluid specimens). Although IDO1 activity was blocked, IDO1 expres-
sion within the TME was not affected by epacadostat. Mitochondrial
spare respiratory capacity of T cells in peripheral blood increased in
8 of 12 patients after treatment. Additional immunogenomic ana-
lyzes are underway to identify molecular and metabolic pathways im-
pacted by epacadostat along with determining the clonal evolution
of T cells with reactivity to mutational antigens.
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Conclusions

This is the first demonstration of the effect on tumor tissue of inhib-
ition of IDO1 enzyme activity. IDO1 inhibition by epacadostat re-
sulted in an increase in CD8" T cell and IFNg gene signatures in the
TME. Additional multi-dimensional immunogenomic data from on-
going analyzes will be presented.

Trial Registration

ClinicalTrials.gov Identifier NCT02042430
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Background

There is a critical need for rational combination immunotherapies
that have mechanism-driven predictive biomarkers. Imprime PGG
(Imprime), is a novel, intravenously (i.v.) administered innate immu-
nomodulator currently in clinical development as a combination
therapy with checkpoint inhibitors in biomarker-selected patients.
Imprime is a soluble B-glucan PAMP that requires immune complex
formation with serum anti-beta glucan antibodies (ABA) for its func-
tionality. Ex vivo human studies, a healthy volunteer phase | trial and
retrospective analyzes of clinical studies have demonstrated that IPD
changes and clinical responses mediated by Imprime correlated with
serum ABA levels. Ex vivo studies have also shown that innate im-
mune functionality in subjects with lower ABA values can be restored
by supplementation with purified ABA or ABA-containing IVIG. Herein
we present a case study of a cancer patient with low ABA levels
demonstrating enhanced Imprime-induced PD responses post IVIG
administration.

Methods

A 54-year-old female with metastatic colorectal adeno-carcinoma
was offered immunotherapy with bevacizumab, cetuximab and
Imprime as part of a compassionate use program after she could
not tolerate first line therapy with FOLFOX and bevacizumab. The
patient was dosed in 4 week cycles for 12 cycles. Imprime and
cetuximab were administered i.v. weekly. Bevacizumab was ad-
ministered every 4 weeks from cycle 2 through 8. Evaluation of
serum ABA levels from cycles 1-6 confirmed low values in this
patient. To boost ABA levels, IVIG was added to dosing beginning
at cycle 6. ABA, complement, and cytokine levels in serum (ELISA
and Luminex), Imprime binding and immune cell phenotyping
(flow cytometry) were measured prior to and within 30 minutes
after Imprime administration.

Results

Compared to the weeks prior to adding IVIG to the dosing regimen,
IVIG infusion resulted in increased serum ABA levels at the End of In-
fusion (EOI), which then dropped to the baseline levels in the subse-
quent weeks. Concomitant with the ABA increase, serum C5a levels
peaked at the EOI. Furthermore, serum chemokines such as IL-8 also
increased at EOI with the most pronounced change observed during
cycles 7 and 8. Increased ABA levels also correlated with significant
Imprime binding on neutrophils and monocytes. Importantly, min-
imal PD changes were observed with Imprime dosing alone in the
cycles prior to IVIG administration. Disease remained stable for 10
months.

Conclusions

These human data provide the first evidence of rescue of Imprime-
driven PD responses in a cancer patient by supplementation of ABA,
a crucial pre-requisite for the therapeutic activity of Imprime.
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Background

We have shown that the iSEND model may be predictive of clinical
outcomes for advanced NSCLC (aNSCLC) patients treated with nivolu-
mab but not with chemotherapy or TKLI However, little is known
about its potential performance for other advanced solid cancer pa-
tients treated with PD-1/PD-L1 inhibitors (PD-1/PD-L1i).

Methods

We evaluated the clinical outcomes of 370 solid cancer patients who
received PD-1/PD-L1i and compared the performance of iSEND in
aNSCLC (n=203) and other advanced solid cancers (n=167). Patients
were either treated with nivolumab (n=237), pembrolizumab
(n=109), or atezolizumb (n=24). As described in our previous reports,
the iSEND model (immunotherapy, Sex, ECOG [Performance status],
NLR [Neutrophil-to-Lymphocyte Ratio] & DNLR [Delta NLR = NLR after
treatment - pretreatment NLR]) was developed. We stratified each
treatment group by iSEND and compared progression free survivals
(PFS) and clinical benefit rates (CBR) at 12+/-2 weeks in the iSEND
Good, Intermediate, and Poor groups.

Results

Median follow-up was 9.1 (95% Cl: 8.0-10.2). In the aNSCLC, The 3-, 6-
, 9-, and 12-months PFS rates were 83%, 70%, 62%, and 58% in the
iSEND Good group, 71%, 40%, 29% and 20% in Intermediate group,
and 60%, 18%, 18%, and 18% in Poor group, respectively (p<0.0001).
Median PFS was unreached in iSEND Good, 4.2 months; 95% Cl [2.8-
5.6] in iSEND Intermediate, and 2.9 months; 95% Cl [2.7-3.1] in iSEND
Poor groups. (Fig. 1). In contrast in other advanced solid cancers, me-
dian PFSs were 5.4, 8.2, and 3.7 months in iSEND Good, Intermediate,
and Poor groups, respectively (p=0.415). The area under the curves
(AUQ) of the iSEND score for CBR at 12+/-2 weeks for aNSCLC pa-
tients treated with PD-1/PD-L1i was 0.720, (95% Cl: 0.648-0.793,
p<0.0001). The AUCs of iSEND for CBR in other advanced solid can-
cers was not significant (Fig. 1).

Conclusions

In our single-institution retrospective cohort, the iSEND model
showed a predictive potential specifically for advanced NSCLC pa-
tients treated with PD-1/PD-L1i but not for other advanced solid can-
cers treated with PD-1/PD-L1i.
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Background

Immune monitoring systems based on flow cytometry (FC) are
usually analyzed by manual strategies of gating based on two-
dimensional plots. Recently the forthcoming of new technologies
such as CyTOF and advances of multi-parametric FC analyzes de-
mand new approaches to analyze massive immune related data.
New algorithms like SPADE, FLOCK, tSNE, and more recently CITRUS,
have provided new tools for automated multidimensional FC ana-
lysis. These tools have been used mainly for the cellular hierarchy
analysis of bone marrow derived cells and in leukemia patients but
to a lesser extend for immune-monitoring of patients under anti-
tumor therapy. In this work we explore the usefulness of these auto-
mated systems for the immune-monitoring of breast cancer patients
under neo-adjuvant chemotherapy.

Methods

We used data from an in vitro system to monitor by FC various im-
munological readouts in T and APCs in PBMCs from breast cancer pa-
tients (BCPs) before, and after three cycles of neo-adjuvant anti-
tumor therapy with Doxorubicin and Cyclophosphamide (A/C). We
applied different automated algorithms including SPADE, FLOCK and
CITRUS to process FC data on the status of T and APC compartments
in these patients.

Results

Using CITRUS, we detected ex vivo alteration in the frequency of
Dendritic Cells (DCs) with a plasmacytoid phenotype in BCPs patients
before treatment that was recovered to the levels observed in
healthy donors after three cycles of A/C chemotherapy. Regarding T
cells, we confirmed that before therapy T cells in BCPs exhibited
marked unresponsiveness to a polyclonal stimulus evidenced by a
deficient TCR internalization and low expression of CD25, CD69, and
CD154 that was also recovered in BC patients after chemotherapy.
Conclusions

Our results let us to argue that automated systems are useful tools
for the immune-monitoring by FC of BCPs under chemotherapy and
for the analysis of cell populations with a complex immune-
phenotype not analyzable through manual gating.
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Background

The novel, CD-122 biased PEGylated IL-2 cytokine immune agonist
NKTR-214 harnesses the potent immune stimulatory benefits of the
IL-2 pathway to maximize anti-tumor responses, and minimize un-
wanted biological effects. NKTR-214 has been safely administered in
the outpatient setting, with low-grade hypotension as the most
clinically significant adverse event. NKTR-214 robustly increases ex-
pression of activation and proliferation markers on immune cells in
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blood and tumor. Evidence of clinical activity has been observed in
10 naive and relapsed/refractory patients. Here we describe the
phenotype of proliferating T cells in the blood and present an in-
depth characterization of tumor-infiltrating immune cells using gene
expression analysis and TCR profiling.

Methods

Pre- and on-treatment blood and tumor biopsies from patients re-
ceiving 0.003 to 0.009 mg/kg NKTR-214 monotherapy were analyzed.
Blood samples (n=22 pts) were analyzed with 16-color multi-
parameter flow-cytometry. Tumor biopsies (n=10 pts) were analyzed
for gene expression using the Nanostring PanCancer immune panel.
Differentially expressed genes in pre- and on-treatment samples
were identified and mapped to public databases for pathway enrich-
ment analysis. Tumor T cell receptor (TCR) sequencing was con-
ducted at Adaptive Biotechnologies, and analyzed using the R
package LymphoSegq.

Results

In blood samples, we observed increased expression of activation
markers (ICOS and OX40) as well as co-inhibitory receptors (PD-1,
CTLA-4, TIM-3 and Lag-3) in both CD4" and CD8" T cells proliferating
in response to NKTR-214. Differentially expressed genes (n=54)
mapped to several innate and adaptive immune system pathways,
including NK cell mediated cytotoxicity, IL-2, IL-12, and TCR signaling
pathways. Pairwise comparison of matched baseline and on-
treatment tumor biopsies confirmed increased expression of genes
associated with T cell signaling (ie. CD3G/D/E, CD247, CD8A and
CD8B) and function (ie. PRF1, GNLY, GZM, and IFNG), as well as up-
regulation of several immune checkpoint and costimulatory genes
(ie. PD1, PDL1, LAG3, IDO, and CTLA4). Gene expression changes
were observed at all dose levels and across tumor types studied.
Tumor TCR sequencing indicates changes in clonality with a trend to-
wards increased frequency of specific clones on-treatment.
Conclusions

A single dose of NKTR-214 modulates both the innate and adaptive
immune system. Changes in clonality and increased frequency of
specific clones suggest efficient remodeling of the T cell repertoire.
Upregulation of checkpoint and costimulatory genes provides in-
sights for potential combination therapies. Based on the favorable
safety profile and strong correlative biomarker data, a phase 1/2 trial
combining NKTR-214 and nivolumab is currently enrolling.
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Background

Non-small cell lung cancer (NSCLC) is characterized by a high muta-
tional load. Accordingly, it is also among the tumor types that re-
spond to immune checkpoint blockade, presumably mediated by the
anti-tumor T cell response. However, the lung is continuously ex-
posed to the outside environment, which may result in a continuous
state of inflammation against outside pathogens rather than tumor
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cells. Therefore, further investigation into the T cell repertoire and T
cell phenotypes across normal lung and tumor is warranted.
Methods

We performed T cell receptor (TCR) sequencing and whole exome se-
quencing (WES) on PBMC, normal lung, and tumor from 235 NSCLC
patients. Of these patients, 96 were also subjected to WES and TCR
sequencing. We further performed Cytometry by Time-of-Flight
(CyTOF) on 10 NSCLC tumors and paired normal lung tissues to
phenotype immune and T cell subsets.

Results

Comparison of the T cell repertoire showed 9% (from 4% to 15%) of
T cell clones were shared between normal lung and paired tumor.
Furthermore, among the top 100 clones identified in the tumor, on
average 57 (from 0 to 95) were shared with paired normal lung tis-
sue. Interestingly, T cell clonality was higher in the normal lung in
89% of patients suggesting potential differences in the immune re-
sponse and immunogenicity. A substantial number of somatic muta-
tions were also identified not only in NSCLC tumors (average 566;
from 147 to 2819), but also in all morphologically normal lung tissues
(average 156; from 50 to 2481). CyTOF demonstrated striking differ-
ences in the immune infiltrate between normal lung and tumor,
namely a unique GITR+ T cell subset (0.96%) which was entirely re-
stricted to the normal lung. Conversely, increases in regulatory T cell
frequency (CD4+FoxP3+) were observed in the tumor (10.4% vs 1.7%
in normal lung), further highlighting the differences in T cell pheno-
type and response across normal lung and tumor.

Conclusions

These results suggest that a substantial proportion of infiltrating T
cells in NSCLC tumors may be residential T cells associated with re-
sponse to environmental factors. However, normal lung and NSCLC
tumors carry T cells of distinct phenotypes including increases in
immunosuppressive T cells within the tumor which may further high-
light the differences in the anti-tumor immune response.
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Background

The independently validated T cell-inflamed GEP has been
consistently associated with response to the anti-programmed death
1 (PD-1) antibody pembrolizumab. We analyzed gene expression in
baseline tumor samples from the KEYNOTE-006 study of pembrolizu-
mab versus the anti-cytotoxic T-lymphocyte-associated antigen 4
(CTLA-4) antibody ipilimumab to determine the relative predictive ef-
fects of the T cell-inflamed GEP on clinical outcomes in advanced
melanoma.

Methods

Patients were randomized to pembrolizumab 10 mg/kg every 2 or 3
weeks or 4 doses of ipilimumab 3 mg/kg every 3 weeks. Total RNA
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from baseline tumor samples was isolated from 4-um formalin-fixed,
paraffin-embedded tissue sections and analyzed on the NanoString
nCounter gene expression platform. Overall survival (OS) was the
prespecified primary end point at final analysis; progression-free sur-
vival (PFS) and best objective response (BOR) were secondary end
points. For efficacy comparison of pembrolizumab versus ipilimumab
across T cell-inflamed GEP levels, the scores were categorized into
tertiles (low: GEP < -0.28; middle: -0.28 < GEP < 0.07; high: GEP >
0.07), as prespecified in the statistical analysis plan, and Cox propor-
tional hazards modeling was used to compare the treatment effect
of the pooled pembrolizumab arms versus ipilimumab within each
subgroup. Data cutoff for clinical analyzes was December 3, 2015.
Results

Of 834 enrolled patients, gene expression data were available for 427
(309 pembrolizumab; 118 ipilimumab) with OS/PFS data and for 375
(269; 106) with BOR data. Baseline characteristics were similar be-
tween the GEP and overall patient populations. Association of the T
cell-inflamed GEP with OS was confirmed within each treatment
group (P<0.0001 pembrolizumab; P=0.0127 ipilimumab). Evaluation
of the between treatment group effect on OS was significant in all
tertile subgroups (hazard ratio [HR]=0.61, P=0.0282 [low]; HR=0.60,
P=0.0224 [middle]; and HR=0.44, P=0.0042 [high]) but was most pro-
nounced in the high group. Qualitatively similar results were ob-
served for PFS. Although the T cell-inflamed GEP was not associated
with  BOR among ipilimumab-treated patients (area under the
receiver operating characteristic [AUROC]=0.511; P=0.4723), it was
associated with BOR among pembrolizumab-treated patients
(AUROC=0.696; P<0.0001). Association between the T cell-inflamed
GEP and tumor PD-L1 expression by immunohistochemistry and the
relationship with clinical outcomes will be presented.

Conclusions

T cell-inflamed phenotype as measured by the GEP shows a differen-
tial association with OS for pembrolizumab versus ipilimumab, which
may be explained by the ability of the GEP score to predict BOR in
the tumor microenvironment with anti—PD-1, but not anti—CTLA-4,
therapy.

Trial Registration

ClinicalTrials.gov Identifier NCT01866319
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Background

Systems immune monitoring during cancer treatment can track ther-
apy response and reveal biomarkers [1]. In metastatic melanoma, this
approach has implicated proliferating T cell subsets as a cellular ef-
fector mechanism for checkpoint inhibitors [2, 3]. Aims here were: 1)
develop a robust cancer immune monitoring panel for multi-center
clinical correlative research conducted by a core, and 2) generate
pilot data to train and test computational tools employing machine
learning algorithms.

Methods

Peripheral blood mononuclear cells (PBMC) were collected with in-
formed consent from melanoma patients with local Institutional
Review Board (IRB) approval and in accordance with the Declaration
of Helsinki (N = 10 samples from 5 patients). For each patient, PBMC
were collected before and approximately 3 weeks post-treatment
with anti-PD1 immunotherapy. A commercially available antibody kit,
Fluidigm's Complete Human T cell Immuno-Oncology panel kit, was
chosen to focus on T cell subsets, memory, activation, and immuno-
oncology proteins. Also tested was the addition of proliferation
marker Ki67 and cell identity markers CD19 and CD14. Data were
collected using a Helios mass cytometer, normalized using
normalization beads, and analyzed with VviSNE, Cytobank, and MEM
[4] following established methods [5].
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Results

Individual patient immunophenotypes were consistent pre- and post-
anti-PD-1 therapy. Addition of markers to the commercial antibody
sets was straightforward. CD19 and CD14 proved unnecessary for
automatic identification of cell subsets by ViSNE and MEM. Ki67 en-
abled detection of T cell proliferation. Because Ki67 is less abundant
in cells, mass cytometry panel design should be used to detect Ki67
in a channel with high sensitivity.

Conclusions

Use of mass cytometry and commercially available metal conjugated
antibodies provided a robust method for systems immune monitor-
ing in cancer therapy compatible with correlative research in larger
clinical studies.

References

1. Greenplate, et al. Systems immune monitoring in cancer therapy. Eur J
Cancer. 2016; 61:77-84.

2. Huang, et al. T cell invigoration to tumor burden ratio associated with
anti-PD-1 response. Nature. 2017.

3. Spitzer, et al. Systemic immunity is required for effective cancer
immunotherapy. Cell. 2017;168(3): 487-502 e15.

4. Diggins, et al. Characterizing cell subsets using marker enrichment
modeling. Nat Methods. 2017;14(3):275-278.

5. Diggins, Ferrell, Jr, Irish. Methods for discovery and characterization of
cell subsets in high dimensional mass cytometry data. Methods. 2015;
82:55-63.

P81

The immunomodulatory effects of cancer therapy on IFN-gamma
responses in the periphery

Laura Rosa Brunet', James Crooks?, Andrew MacDonald?, Samuel LaBrie?,
Dominic Eisinger®

Immodulon Therapeutics Ltd, Uxbridge, UK; ’Manchester University,
Manchester, UK; 3l\/lyriad RBM, Austin, TX, USA

Correspondence: Laura Rosa Brunet (Irb@immodulon.com)

Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):P81

Background

The immune system is recognized as an important ally in the fight
against cancer. Indeed patients’ survival outcome can be predicted
by their immune response bias at the tumor site. With the ever
expanding landscape of cancer therapy options, including immuno-
therapeutic agents, it has become critical to determine how patients’
immune responses are affected by treatment. In light of the chal-
lenges of repeatedly accessing tumor tissue, investigating immune
responses in the periphery assumes increased importance.

Methods

IMAGE-1 is a randomised open-label, phase ll, first-line, proof of con-
cept study (NCT01303172), investigating the combination of IMM-
101, an immunomodulatory treatment comprising of heat-killed
whole cell Mycobacterium obuense (NCTC13365), with Gemcitabine
for the treatment of advanced pancreatic cancer. Treatment with
IMM-101+Gemcitabine increased median survival to 7.0 months in
metastatic pancreatic cancer patients compared to 4.4 months fol-
lowing treatment with Gemcitabine alone (1). We measured levels of
IFN-gamma, a critical cytokine for anti-tumor responses, in patients’
serum samples. To overcome technical difficulties associated with
measuring serum IFN-gamma, we wused an immunoassay
(LLOQ=9.5fg/ml) developed by Myriad RBM for the Quanterix Simoa™
platform. This approach provides ultra-sensitive measurement of bio-
markers, achieving orders-of-magnitude greater sensitivity than con-
ventional immunoassay platforms.

Results

We report that peripheral IFN-gamma levels increased following initi-
ation of treatment (GemcitabinexIMM-101). In the initial 50 serum
samples analyzed, there was a statistically significant increase in IFN-
gamma levels from time 0 (screening/randomization; 0.12pg/ml, 95%
Cl 0.084, 0.18pg/ml) to week 13 (0.41pg/ml, 95% Cl 0.26, 0.66pg/ml),
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when patients had been scheduled to receive 3 cycles of Gemcita-
bine (1000 mg/m2 for 3 consecutive weeks out of 4) = IMM-101
(1mg, intradermally on 6 occasions). Our previous data show that
IMM-101 activates primary murine and human dendritic cells, and in
murine models instigates IFN-gamma production by a variety of in-
nate and adaptive immune cells. We investigated whether patients
that received IMM-101 in addition to Gemcitabine had increased
serum IFN-gamma levels. Preliminary data suggest that patients
treated with Gemcitabine+IMM-101 (n=15) had higher IFN-gamma
secretion at week 13 (0.57pg/ml, 95% Cl 0.33, 0.98pg/ml) than pa-
tients (n=9) treated with Gemcitabine alone (0.24pg/ml, 95% Cl
0.099, 0.58pg/ml).

Conclusions

We are in the process of confirm these findings in further serum
samples from IMAGE-1 patients and addressing the specific cellular
sources of IFN-gamma in murine experimental models.
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Background

Checkpoint inhibitors produce meaningful survival benefit in mRCC
patients (pts). Predictive biomarkers of response to anti-PD1 therapy
are still under evaluation in clinical trials. Prospectively we explored
biomarkers that might have potential predictive and prognostic value
in mRCC pts on nivolumab therapy.

Methods

Patients with mRCC who had 1 or more prior lines of therapy re-
ceived nivolumab at 3 mg/kg 2w (n=23) from 2015 to 2017. Blood
samples were collected at baseline and 2 mo after treatment start.
Serum levels of TGF-B1, IL-17A, and soluble PD-1 (sPD-1) were mea-
sured by ELISA. Pre-treatment specimens from primary tumors
(n=17) were evaluated for PD-L1 and FOXP3 expression on tumor-
infiltrating immune cells (IC) using the IHC assay (SP142; EP340).
Results

With a median follow-up of 10 mo, PFS was 4 mo (95% Cl: 1,37-
10,04) and 1-year PFS was 17%, median overall survival was not
reached. The optimum diagnostic cut-off value (mean + 2SD) for
TGF- B1 was 20 ng/mL (sensitivity 43,75%, specificity 100%), for IL-
17A was 0,5pg/mL (sensitivity 40%, specificity 88,23%), for sPD-1 was
0,45 ng/mL (sensitivity 40%, specificity 88,8%). Higher TGF-B1 level at
baseline was associated with shorter PFS (6 vs 1,5 mo; p=0,03).
Higher baseline IL-17A (p=0,0174) and sPD-1(p=0,039) levels were
significantly associated with higher ORR (21,7%). Using the >0,5%
and >1% cut-off for PDL-1 expression, 11/17 (64%) and 8/17 (47%)
pts were considered PD-L1 positive respectively. When a cut-off of
>0,5% was used clinical effect (tumor shrinkage >10%) was higher in
the PD-L1-positive group than in the PD-L1-negative group (54,5% vs
33,3%). Using the >10% cut-off for FOXP3, 11/17 pts were considered
positive (64%). Clinical effect was 45% in the FOXP3-positive group
and 50% in the FOXP3-negative group. Expression of PD-L1 and
FOXP3 on IC didnt not have a significant effect on PFS (p>0,05).
Conclusions

Our results demonstrated improved survival benefit in patients
with lower levels TGF- B1 (<20ng/mL). Elevated baseline levels of
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IL-17A (>0,5pg/mL) and sPD-1 (>0,45ng/mL) wer