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Background

Hepatocellular carcinoma (HCC) is the most common liver malig-
nancy and the 5th cause of cancer-related mortality worldwide.
Though previous studies have found that serum neutrophil-to-
lymphocyte ratio (NLR) is predictive of survival post liver transplant
(LT), peritumoral neutrophil (PMN) infiltration in the tumor micro-
environment (TME) of HCC has not been thoroughly investigated yet.
In this study we sought to evaluate tissue based PMN infiltration in
HCC post LT using quantitative multiplex immunofluorescence
(gmlF), previously used to study the TME of several other tumor
types[1].

Methods

A database of 634 patients was created at Columbia University Irving
Medical Center (CUIMC) including adult patients with available clin-
ical follow up who underwent liver transplantation (LT) for HCC be-
tween 1998 and 2018. We evaluated a preliminary cohort of 10
patients using gmlF, excluding patients with viral hepatitis. FFPE
tumor sections were pre-selected by a Gl pathologist. Slides were
stained using gmlIF for MPO (PMNs), CD3 (T cells), CD8 (cytotoxic T
cells), CD68 (macrophages), HLA-DR (immune activation), and Hep-
Par1 (hepatocytes/tumor). Multiplex images were visualized using
Vectra (Akoya) and processed using inForm (Akoya). Data was ana-
lyzed using R Studio for concatenation, density, nearest neighbor
and statistical analysis. Serum NLR was calculated using complete
blood counts collected prior to LT(Figure 1).
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Results

Preliminary cohort of 10 patients includes 4 with recurrence at a median
of 2.4 years and 6 with no recurrence at a median of 12 years post-LT.
We found that patients with recurrence post-LT have significantly higher
densities of MPO+ PMNs compared to those with no recurrence. This dif-
ference is primarily driven by PMNs located within the peritumoral
stroma (Median [interquartile range [IQR] 2.46 [1.99 - 2.92] vs 1.23 [0.723
-1.78], p=0.019). Intratumoral PMN infiltration was not associated with re-
currence (Median [IQR] 0.91 [0.59 - 1.20] vs 1.33 [0.56 — 1.90], p=0.308).
Moreover, density of CD3, both intratumoral and peritumoral, did not cor-
relate with recurrence, nor did the tissue-derived NLR. Further, we found
that the tissue-derived NLR did not correlate with NLR in blood.
Conclusions

Higher densities of peritumoral PMNs are associated with post-LT
HCC recurrence. Evaluation of TME using gmlIF can be used to predict
recurrence in post-LT HCC. Further, tissue based analysis of PMNs
does not correlate with serum NLR allowing potential for composite
biomarkers. As this is preliminary, further analysis is underway and
will be validated on the larger cohort of patients.

Reference
1. Gartrell RD, Marks DK, Hart TD, et al. Quantitative Analysis of Immune
Infiltrates in Primary Melanoma. Cancer Immunol Res 2018;6:481-93.

Fig. 1 (abstract P1). Quantitative multiplex immunofluorescence
images of HCC
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Background

The tumor microenvironment is a complex mixture of multiple cell
types, and numerous therapeutic interventions have been developed
targeting distinct aspects of this environment. Tumor tissue samples
are an integral part of identifying and understanding potential thera-
peutic targets within the tumor microenvironment of multiple cancer
indications. As early biomarker discovery is often hindered by the lo-
gistical demands of sourcing fresh human tumor tissue, cryopre-
served dissociated tumor cell suspensions provide a viable
alternative for accessing multiple, highly-annotated tumor samples
for complex studies. Previous evaluations of cryopreservation on vi-
able tumor tissue have relied on flow or mass cytometry which, while
powerful, are limited in the number of targets that can be analyzed.
Single cell gene expression can analyze the expression of signifi-
cantly more targets and provide a clearer picture on the effects of
cryopreservation on the cellular composition of the tumor.

Methods

Multiple unique primary tumor samples were dissociated to the
single-cell level and profiled by flow cytometry. These single cell sus-
pensions were subsequently subjected to single cell RNASeq using
the 10X Genomics platform prior to, and immediately following, cryo-
preservation. Data was subsequently analyzed to determine how
cryopreservation impacted the cellular composition of the tumor
microenvironment.
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Background

Knowledge of immune responses that correlate with clinical outcome
is essential for the development of strategies to harness a patient’s
immune system to eradicate cancer. Pre-clinical platforms that recap-
itulate the immune response in the context of cancer are necessary
for adequate understanding and detection of clinical efficacy, how-
ever, the technology to accurately test immuno-oncology (I/O) ther-
apy response is lacking. Despite the value animal models provide in
a pre-clinical setting, they lack matched patient tumor and immune
cell interactions. To address this shortcoming, we developed in vitro
3D tissue models that maintain autologous patient tumor cells and
immune cells for the testing and prediction of immune cell re-
sponses. We hypothesize that these 3D tissue models will recapitu-
late the patient tumor microenvironment and detect response to 1/0
agents.

Methods

Tumor cells and T-cells were obtained from seven melanoma patient
biopsies and screened for PD-L1 and lymphocyte populations prior
to incorporation into 3D culture. Effector cell to Tumor cell (ET)
optimization assays were conducted with expanded T-cells at differ-
ent densities and co-cultured at different time points with tumor
cells. Viability was measured using CellTiter-Glo® 3D. T-cell response
was determined using flow cytometry following 24-hour co-culture
with tumor cells. Microtumors were established using a biologically
inert scaffold and extracellular matrix components. Microtumor via-
bility was determined using PrestoBlue and T-cell infiltration was
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determined via flow cytometry. Analyte secretion was determined
from supernatant using Milliplex MAP Human CD8+ T-cell Panel.
Results

We detected pembrolizumab binding to T-cells in a dose dependent
manner and an increase in the activation marker CD69 on T-cells fol-
lowing tumor cell and pembrolizumab treatment in three of four pa-
tients tested. We devised an initial E:T optimization screen to identify
a patient-specific ratio which renders our subsequent therapy re-
sponse profiling highly personalized. CD3+CD8+ T-cell mediated
tumor cell death and enhanced killing was detected in the presence
of pembrolizumab. Immune cell infiltration as well as therapy related
cell death was observed in our 3D microtumors. Altered patient spe-
cific cytokine secretion was measured when the cultures were
treated with pembrolizumab and significantly correlated with pem-
brolizumab induced reduction of microtumor growth rates.
Conclusions

The data generated from these two complex 3D in vitro models al-
lows us to better understand immune responses to autologous
tumor cells and checkpoint blockade. Our models are therefore ideal
and complimentary for preclinical testing of new I/O agents as well
as patient response predictions to 1/0 based therapies.

Ethics Approval

Tissue was acquired with approval from Prisma Health's Institutional
Review Board, PRO# 00069834.
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Background

The widely used glioblastoma multiforme (GBM) model GL261 is
highly immunogenic and readily cured by checkpoint blockade limit-
ing its use for pre-clinical modeling of immunotherapy for human
GBM [1,2]. We developed four novel murine immunocompetent glio-
blastoma stem cell (QPP) lines derived from Nestin-CreER™ Quaking
(QKIYY; P53YY; PTENYY mice, reflecting a common set of alterations
in patients [3-5]. The four QPP cell lines are syngeneic to C57BL/6J
mice and exhibit distinct responses to T-cell checkpoint blockade.
Methods

The differential responsiveness of each QPP line was assessed
through analysis of tumor growth in the brain versus the flank in un-
treated, aPD-1, or aCTLA-4 treated mice. The impact of tumor gen-
omic landscape on responsiveness at each site was measured
through whole exome sequencing. To understand cellular factors
modulating responsiveness of these GBM lines to checkpoint block-
ade, the immune microenvironments of sensitive (QPP7) versus re-
sistant (QPP8) lines were compared in the brain using high
parameter flow cytometry. Drivers of flank sensitivity versus brain re-
sistance were also measured for QPP8.

Results

QPP GBM lines demonstrate a range of sensitivities to CTLA-4 and
PD-1 blockade when implanted on the flank ranging from complete
sensitivity (QPP7) to complete resistance (QPP4). In the brain, QPP7
remains sensitive to both antibodies, but QPP4 and QPPS8 fail to re-
spond to blockade of either checkpoint (Figure 1). Analysis of the
QPP8 immune infiltrate in skin reveals enhanced ratios of CD8s to
Treg and myeloid suppressors in response to checkpoint blockade;
however, none of these benefits manifest in the brain QPP8 except a
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very specific increase in CD8s relative to granulocytic suppressors
(Figure 2). Brain-implanted QPP8 reacts adaptively to checkpoint
blockade by upregulating PD-L1 expression across its myeloid
stroma. In contrast, immune-responsive QPP7 does not induce PD-L1
and shows markers of enhanced CD8 T cell fitness. Consistent with
these observations, genomic analysis reveals a higher mutation dens-
ity in QPP7 versus the other QPP lines. Using checkpoint-insensitive
QPP4/8, we have now identified agonists of the Stimulator of Inter-
feron Genes (STING) pathway as highly promising therapeutics for
treating these tumors in the brain.

Conclusions

We have developed novel syngeneic models of GBM with relevant
genetics and immune sensitivities relative to human disease.
Through comparing T cell checkpoint blockade sensitive versus in-
sensitive variants of these QPP lines, and through comparing variant
sensitivity dictated by site of implantation, we have begun to identify
the genetic and cellular components that govern immunotherapeutic
sensitivity of GBM.
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Fig. 1 (abstract P4). Orthotopic QPP survival and immune sensitivity
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Background

The naturally occurring tumor infiltrating lymphocytes (TILs) exist in a
complex microenvironment containing the extracellular matrix, blood
vessels, and stromal and endothelial components in addition to vari-
ous immune cells. While a growing number of preclinical mouse
models is under development, the heterogeneity of the cell compos-
ition in a solid tumor poses considerable technical challenges in iso-
lating and characterizing the TILs for the downstream analysis. One
common problem with TILs preparation occurs during solid tumor
dissociation, whereby the TILs are left in a mixture with tissue debris
and dead cells in suspension. Consequently, a preparation of autolo-
gous TILs often requires further costly and laborious processing such
as density gradient centrifugation, immune cell sorting and enrich-
ment, and dead cell and debris removal in combination with multiple
centrifugation steps. We introduce a novel Laminar Wash™ technol-
ogy, which can help overcome these technical challenges.

Methods

We performed pilot studies on syngeneic (MC38, CT26, Cloud-
mansS91, 4T1) and humanized mouse tumor models as well as with
human PBMCs and tumor biopsies using the Laminar Wash™ technol-
ogy. Briefly, we evaluated various functional parameters of TILs such
as polyfunctional CD8+ T cell responses and glucose update effi-
ciency (2-NBDG) as well as conducting a side-by-side comparison of
the TIL recovery rate and immunophenotypic characteristics of
lymphoid and myeloid subsets on the Laminar Wash™ and the
centrifugation-based systems. In addition, the cell retention rate, cell
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viability, debris removal, epitope preservation and the overall pro-
cessing time were assessed and compared. Furthermore, we intro-
duce a complete walk-away approach to sample preparation that
eliminates operator-based variability while significantly enhancing re-
producibility and consistency of downstream analysis.

Results

Our data demonstrate that the Laminar Wash™ method resulted in
higher cell retention and viability, more clearly defined immune sub-
sets, a lowered background signal, and an enhanced yield of the TILs
from freshly dissociated tumor samples compared to the
centrifugation-based counterparts. The Laminar Wash™ system can
effectively remove the floating debris in suspension while keeping
the live cells unperturbed, allowing the cell surface architecture and
epitopes better retained for improved downstream analysis with flow
cytometer. Additionally, the Laminar Wash™ AUTO system offers a
completely automated sample processing solution for dissociated
tumor samples, simplifying and expediting cell preparation with en-
hanced consistency and reproducibility.

Conclusions

Laminar Wash™ results in healthy, viable, and well defined popula-
tion of TILs, while improving the overall quality of data. The AUTO
station provides an automated, centrifuge-free, and walk-away work-
flow for dissociated tumor samples for cytometry-based assays.

Acknowledgements

Laminar Wash™ results in healthy, viable, and well defined population of TILs,
while improving the overall quality of data. The AUTO station provides an
automated, centrifuge-free, and walk-away workflow for dissociated tumor
samples for cytometry-based assays.
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Background

Humanized immune system (HIS) mouse models enable in vivo stud-
ies in the context of the human immune cells with a human tumor
and are critical for the development of next generation immune-
oncology (I0) agents. Humanization of immunodeficient mice
through the adoptive transfer of normal adult PBMC leads to rapid
engraftment of human T cells to study immune-modulatory agents
in the context of human tumor xenografts, but is limited by the de-
velopment of xenogeneic graft-versus host disease (xGVHD). In this
study, we evaluated the engraftment of PBMC in (2microglobulin
null super-immunodeficient mice NSG-B2M mice, that lack MHC Class
I on host tissues. A cell line-derived xenograft model (CDX) co-
engrafted with PBMC (PBMC-ImmunoGraft) was characterized for
humanization, tumor infiltrating leukocytes (TIL) phenotype and
tumor response to checkpoint inhibitors.

Methods

PBMC from healthy donors (N=7) were implanted and engraftment
in peripheral blood was assessed by flow cytometry. T cell memory
phenotypes were assessed over time in a small cohort, and costimu-
latory and inhibitory T cell subsets were evaluated at the terminal
time point in blood and secondary lymphoid organs. Next, NSG-B2M
mice were co-implanted with MDA-MB-231 breast cancer cell line s.c,
humanized with PBMC and tumor growth kinetics were monitored.
Efficacy studies evaluating check point inhibitors are currently
ongoing.

Results

Successful PBMC engraftment without xGVHD was observed in NSG-
B2M mice up to 8 weeks, in contrast with MHC Class | expressing im-
munodeficient mice that developed xGVHD within 4-5 weeks. Dose
and donor- dependent chimerism was observed. T cells were
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detectable in the periphery starting at 2 weeks with stable levels (up
to 40% of live cells to 8 weeks) with increasing T effector memory
cells over the course of study. All tumors evaluated had high levels
of TIL as measured by flow cytometry and immunohistochemistry.
Costimulatory and inhibitory molecules evaluated on CD4 and CD8
included 4-1BB, TIM-3, LAG-3, OX-40, as well as PD-1, which was
expressed on both peripheral blood cells and in TIL. Tumor growth
kinetics was unaltered by PBMC humanization through a 5-week
study window.

Conclusions

PBMC-humanized NSG-B2M mice may represent a model for evaluat-
ing of 10 therapeutics with a long study window due to the lack of
XGVHD. While PBMC engraftment kinetics are donor dependent, simi-
lar phenotypes are observed and T cell subsets expressing several
relevant therapeutic targets, including PD-1 are present. This model
may permit a rapid in vivo method to study checkpoint blockade
and other T-cell-directed 10 therapeutics.

Ethics Approval

The study was approved by Champions Oncology's Institutional Ani-
mal Care and Use Committee (IACUC).
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Background

Harnessing NK cell anti-cancer cytotoxicity has gained interest as a
therapeutic strategy, and consequently improved preclinical models
supporting the translation of NK cell-mediated therapies to the clinic
are desired. Reproducible models with human NK engraftment into
immunodeficient mice co-engrafted with cell line-derived xenograft
or patient-derived xenograft tumor models have been lacking due to
an inability to support NK cell engraftment and persistence. Here we
evaluated IL-15-NOG mice for the engraftment and sustained survival
of both ex vivo expanded and primary human NK cell isolates for es-
tablishing models that engraft effectively with both human NK cells
and a PDX or CDX tumor.

Methods

NK cells from normal adult peripheral blood mononuclear cells
(PBMC) donors (N=3) were expanded using two different commer-
cially available kits and evaluated for NK phenotype, expansion rates
and yields. Titrated doses of ex vivo expanded NK cells were adop-
tively transferred into IL-15-NOG mice for human chimerism, and the
persistence and survival of NK cells and their immunophenotype
were assessed. In separate studies, naive NK cells enriched from
PBMC were also evaluated for NK cell persistence and expansion
in vivo. To establish an NK ImmunoGraft, NK cells were engrafted in
xenograft tumor bearing mice and tumor growth kinetics were
characterized.

Results

Donor dependent NK expansion was observed ex vivo, with 28 to
50-fold expansion by two weeks. NK cells expanded ex vivo were
CD3-CD16+CD56+ and varied based on the expansion kit utilized.
Nearly all CD45+ cells in circulation were NK cells, and these peaked
by week 2, and were maintained for up to 10 weeks in IL-15-NOG
mice. Primary NK cells engrafted with slower kinetics, with peak
abundance at 3-4 weeks. NK cells expressed granzyme B, and further
functional studies are in progress. For all NK cell populations, cell
density-dependent engraftment was observed with a largely stable
NK phenotype observed across the study. In the absence of any
therapeutic treatment, NK cell persistence and expansion in vivo did
not inhibit tumor xenograft growth kinetics in IL-15-NOG mice
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Conclusions

IL-15-NOG mice support the survival and persistence of human NK
cells from both ex vivo expanded and naive NK cells, suggesting the
universality of this platform for human NK engraftment. Our prelimin-
ary studies support IL-15 NOG mouse model as a suitable system for
evaluation of NK cellular therapies or NK cell-modulating therapies in
the context of patient-derived or cell-line derived xenograft (PDX or
CDX) mouse models

Ethics Approval

The study was approved by Champions Oncology's Institutional Ani-
mal Care and Use Committee (IACUC).
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Background

With the development of immune checkpoint inhibitors, the focus of
cancer therapy is shifting to immunotherapy. Our purpose is to de-
velop the drug efficacy index by rapid analysis of antibodies accumu-
lating in cancer tissue using liquid chromatography and mass
spectrometry (LC-MS/MS) and by characterization of the antibody
distribution in the tumor microenvironment. Using a novel proteoly-
sis method in which antibody molecules are collected on a 100 nm
resin pore and trypsin is immobilized on a 200 nm nanoparticle sur-
face, we have developed a method for physicochemically limiting
trypsin access to antibody and identifying the structural specificity of
complementarity-determining regions while minimizing extra pep-
tides and protease without depending on the type of antibody.
Using this method to detect antibodies from formalin-fixed paraffin-
embedded (FFPE) tumor tissues, we aim to develop novel diagnostics
that can aid in therapeutic dosing and predicting responses to
antibody-based therapies.

Methods

To demonstrate the feasibility of these approaches, the human
breast and epidermoid carcinoma cell lines SKBR3 and A431 were in-
cubated with either trastuzumab and cetuximab, which bind to
erbB2 and EGFR, respectively. FFPE cell blocks were then prepared
and proteins were extracted from 8 um sections after deparaffiniza-
tion and decrosslinking. The extracted proteins were subjected to
the Fab-selective proteolysis nSMOL, and the signature peptides of
each antibody, IYPTNGYTR for trastuzumab and SQVFFK for cetuxi-
mab, were detected via triple-quadrupole LC-MS/MS. SCID mice were
subcutaneously implanted with BT474 cells and 5 days later were in-
fused with 10 mg/kg or 20 mg/kg trastuzumab. 24 h after administra-
tion, tumor and other tissues were harvested and FFPE block were
prepared for trastuzumab quantitation in FFPE tissues.

Results

As a result of the pretreatment protocol using the cell block, the con-
ditions of deparaffinization, decrosslinking, and protein extraction
were optimized. Mass spectra of the signature peptides from trastu-
zumab and cetuximab could be detected using 20,000 cells. This
condition was also applied to xenograft tissue and the degree of
trastuzumab accumulation was detected in FFPE tumor tissue in a
dose-dependent manner.

Conclusions

We show that these approaches can be utilized to quantify antibody
concentrations in typically-challenging FFPE specimens with good
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sensitivity and as such could be utilized to assess efficacy of the
monoclonal antibody administered. There are also potential applica-
tions related to rapid drug screening using the patient-derived xeno-
graft model. Our future plans are focused on adapting these
solutions to the characterization of immune checkpoint inhibitor
therapeutics in standard-of-care FFPE tissues obtained from patients
undergoing immunotherapy.
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Background

Programmed cell death ligand-1 (PD-L1) expression and tumour
mutation burden (TMB) have been shown to be predictive of re-
sponse to anti-PD-1/PD-L1 immunotherapies in various cancers.
The prevalence and distribution of PD-L1 expression and/or
tumour mutations in HCC and correlation with clinical characteris-
tics are poorly understood. A better understanding of these bio-
markers may help inform appropriate patient selection strategies
in HCC.

Methods

PD-L1 expression was evaluated on tumour cells (TC), immune cells
(IC), or combined TC and IC using the VENTANA PD-L1 (SP263) Assay
in three independent HCC sample sets: 2 from commercial tissue
banks (n = 500 and n = 2417) and 1 from patients enrolled in
NCT02519348, encompassing a wide range of stage and grade of dis-
ease. NCT02519348 is a phase 2 study evaluating safety, efficacy out-
comes of durvalumab with or without tremelimumab in advanced
HCC. TMB was assessed in tissue by whole exome sequencing in a
subset of 70 patients from NCT02519348.

Results

At a cut-off date of Feb 28, 2019, 282/335 (84.2%) patients en-
rolled in NCT02519348 were successfully evaluated for PD-L1
(Table 1). Significant expression was seen in ICs relative to TCs.
Patients in NCT02519348 showed higher PD-L1 expression in TCs
than commercial cohorts. In a univariate analysis using 1% cut
offs, higher TC (but not IC or combined TC and IC) PD-L1 expres-
sion was associated with patients with HCV infection (p=0.003).
Of 70 study patients tested, 55 were evaluable for TMB (median
2.59, range 0.46 - 5.61 Mut/Mb). Among patients with available
TMB data there was no observed correlation between TMB and
PD-L1 expression.

Conclusions

PD-L1 expression was observed in both TC and ICs in HCC, with the
latter being more prevalent. Viral status and disease stage may im-
pact PD-L1 expression in this setting, but further work is needed to
confirm this. TMB and PD-L1 appear to identify distinct patient sub-
sets in HCC.

Trial Registration

NCT02519348

Ethics Approval

The study (NCT02519348) is performed in accordance with eth-
ical principles that have their origin in the Declaration of
Helsinki and are consistent with ICH/GCP, and applicable regula-
tory requirements.
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Table 1 (abstract P9). See text for description

\ Table 1: Distribution of PD-L1 expression in HCC patients \
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different subsets, compared to DGM, potentially allowing more as-
says to be executed from the same blood sample. Overall, this tech-
nology has the potential to transform cell separation by automating

NCT02519348 Commercial cohort | Commercial cohort
(N=282) A (n =500 B (n=2417) a variable and labor-intensive processes, and therefore has utility in
Category | n % n % n % s . . . . .
e % T Tsis Tar Tesa 12595 Toio applications that require consistent cell quality and functionality.
(proportion of tumour 1-9% 88 31.2 43 8.6 114 4.7
cells with membrane 10-24% 22 7.8 5 1.0 11 0.5
staining at any intensity) | 25-49% | 9 3.2 1 0.2 7 0.3
i 32 =S AL B 905 Table 1 (abstract P10). See text for description
Ic <1% 114 40.4 389 77.8 571 23.6
(proportion of tumour 1-9% 3 11 7 1.4 428 17.7
associated ICs withany | 10-24% | 65 23.0 51 10.2 795 329 Microfluidic System | Density Gradient Method
PD-L1 staining) 25-49% | 42 14.9 29 5.8 424 17.5 79 £ 6.0% PBMC 67 +9.0% PBMC
>50% | 58 20.6 24 48 199 82 WBC/PBMC Recovery (n = 36) (84.4 £ 8.7% WBC)
et tuoar [ ta——{423 | Danotavallble |79 845 WBC Viability (n = 71) 98.4+3.9% 99.5£0.7%
bttt S : a . WBC Purity (n = 71) 94.9£58% 5.0%23%
expressing TCs or ICs) Red Blood Cell Depletion (n = 71) 4.5+ 0.4 log 2.8+0.4 log
Platelet Depletion (n = 71) 4.0+ 0.5 log 1.1+ 0.2 log
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Background

Cell separation plays a vital role in research and clinical settings for
the development and monitoring of cutting-edge therapies. Despite
its  labor-intensiveness and  variability, density  gradient
centrifugation-based method (DGM) has remained the primary
method of upstream cell isolation for decades due to a lack of viable
alternatives. This is problematic as DGM is a non-scalable, manual
process. To address this lack of innovation, we have developed an
automated Microfluidic System based on inertial focusing that en-
ables label-free white blood cell (WBC) separation and concentration
from 3-75mL of whole blood in short timescale with high
consistency, providing reliable sample preparation for downstream
functional assays.

Methods

WBCs were isolated from 15% ACD-A anticoagulated peripheral hu-
man blood using the Microfluidic System or DGM. Cell number, via-
bility, and immune phenotype were evaluated by hematology
analyzer and flow cytometry. To assess B-cell function, cells were
cryopreserved post separation, thawed, and stimulated with IL-2 and
R848, followed by Human IgG and IgM ELISPOT. To assess T-cell func-
tion, thawed cells underwent bead-based granulocyte depletion and
stimulation with CEF peptide pool, followed by Human IFNy ELISPOT.
Results

The prototype Microfluidic System consistently processed 40mL of
anticoagulated blood in approximately 20 minutes with minimal
hands-on time as opposed to 60-90 minutes for DGM with signifi-
cant hands-on time. While DGM collects only peripheral mononuclear
cells (PBMCs), the System isolates the total WBC population and may
be beneficial for immunophenotyping. As shown in Table 1, the
Microfluidic System consistently provided improved WBC or PBMC
recovery, viability, purity, RBC depletion, and platelet depletion as
compared to DGM. Immune phenotyping shows that the Microfluidic
System also consistently resulted in improved recovery of lympho-
cyte subsets, including CD19+, CD3+, CD4+, and CD8+ cells (Table 2).
B-cell and T-cell functionality were found to be equivalent between
the two cell isolation methods based on IgM/IgG and IFNy secretion,
respectively. With the improved cell recovery using the Microfluidic
System, more target cells from the same blood sample may be col-
lected for downstream assays.

Conclusions

The Microfluidic System offers a faster, more reliable method than
DGM for upstream cell separation from whole blood. The System
consistently recovers more cells, including functional lymphocytes of

Table 2 (abstract P10). See text for description

Microfluidic System | Density Gradient Method
CD19+ 77 £11% 64 +14%
CD3+ 87+7.3% 65+ 14%
CD4+ 87 £ 6.6% 70 £ 16%
CD8+ 84 +6.5% 58 +13%
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Background

Myeloid-derived suppressor cells (MDSCs) are contributors in sup-
porting tumor progression and escape [1,2]. Studies have quantified
MDSCs to detect tumor development, monitor progression, and/or
predict therapeutic responses [3, 4]. Here, we compared several ma-
chine learning (ML) approaches to analyze flow cytometry data to
detect breast cancer (stage I/ll) through manual gating and hyper-
voxelation of cell events.

Methods

We used standard multiparametric flow cytometry techniques to
measure myeloid-derived suppressor cell (MDSC), myeloid, and
lymphocyte cell populations found in the peripheral blood of 99
biopsy-confirmed early stage BCa patients and 88 healthy donor fe-
male (HDF) controls. Manual gating was performed to generate
gated values, and raw flow cytometry data were transformed using
HyperVOX to generate hypervoxelated cytometry event counts. The
ML algorithms used were: support vector machine (SVM), Bayes SVM,
Ensemble SVM, k-nearest neighbor (kNN), and pattern recognition
neural network (PRNN). All algorithms were trained using data from
64 BCa patients and 69 HDF controls. Predictions were evaluated
using the performance of each trained ML algorithm on 35 early
stage BCa patients and 19 HDF that were not used for training (hold-
out test set).

Results

Using manually gated counts, the resulting accuracies were: SVM =
75.4%, Bayes SVM = 71.3%, Ensemble SVM = 65.6%, and kNN =
69.7%. Using hypervoxelated event counts, the resulting accuracies
were: SVM = 78.7%, Bayes SVM = 77.1%, Ensemble SVM = 57.4%,
kNN = 67.2%, and PRNN = 92.6%. Hypervoxelated data analyzed
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using PRNN resulted in the highest accuracy with a sensitivity of
91.4% and a specificity of 94.7%; the resulting AUC = 0.9098 (95%Cl
= 0.8031 to 1.000). Additionally, we tested 26 samples collected from
patients with confirmed ductal carcinoma in situ (DCIS) using hyper-
voxelated counts with a PRNN. Even though they are clinically
deemed as pre-cancerous (stage 0), 18 out of 26 (AUC = 0.8421;
95%Cl = 0.7163 to 0.9679) were classified as BCa suggesting utility
for detecting the existence of even a non-invasive cancerous lesion.
Conclusions

Although further study is needed, we believe that using PRNN with
MDSC immunophenotyping, in conjunction with other known clinical
risk factors, would allow for clinicians to make a more informed diag-
nosis and treatment recommendation when screening and for
recommending subsequent interventions for early stage breast
cancer.
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Background

Measurement of circulating biomarkers in cancer has proven utility
for early detection, differential diagnosis, and predicting pre-
treatment response to therapy. More recently, circulating proteomic
biomarkers for pre-treatment prediction of therapeutic response
have received additional attention due to the heterogeneous re-
sponses to immunotherapies. To develop a greater understanding of
the circulating plasma proteome in subjects with cancer we have op-
timized a depleted plasma proteomic workflow, based on label-free
data independent acquisition (DIA) mass spectrometry, and applied it
to plasma from subjects with late stage NSCLC. This approach pro-
vides a deep and unbiased description of the plasma proteome and
the dysregulated biological pathways associated with lung cancer.
Methods

Plasma samples from subjects with Stage Ill-IV non-small cell lung
cancer (NSCLC, n = 15) and age matched healthy donors (n = 15)
were depleted of 14 high abundance proteins using MARS Hu-14
spin columns (Agilent). All samples were prepared for mass spectro-
metric acquisition using two-hour gradients on a C18 column
coupled online to a Thermo Scientific Q Exactive HF-X operated in
DIA mode. Targeted data extraction was performed using Spectro-
naut (Biognosys) with a hybrid library approach. Statistical analysis
was conducted to identify disease associated biomarker candidates
and pathway analysis highlights dysregulated biological functions.
Results

A comprehensive protein spectral library was created containing 1,827
unique proteins. In DIA acquisition, in total 1,304 proteins were quantified
across all samples (1,105 average per sample). Univariate statistical testing
identified 162 dysregulated proteins (125 up-regulated and 37 down-
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regulated; g-value > 0.05 and log2 fold change > 0.58). In addition to the
acute phase proteins (e.g. CRP and SAAT) which were previously verified
to be elevated in subjects with NSCLC, partial least squares discriminant
analysis helped identify additional proteins that are differentially
expressed between the sample groups. Most relevant to immune func-
tion was CLC (Galectin-10), which was elevated in NSCLC samples and
has been identified as key component supporting the suppressive func-
tion of Tregs.[1] Furthermore, F13A1 was suppressed in the NSCLC sam-
ples which is known to be associated with macrophage activation.
Conclusions

162 proteins were identified as candidate biomarkers and reflect the
host immune response via acute phase response signaling, innate im-
mune response, and other proinflammatory stimuli. Several of these
markers have been linked to patient outcomes and poor prognosis.
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1. Kubach, J, et. al,; Blood 2007 110:1550-1558

P13

Immunomodulatory effects of Interleukin 2 in the circulation of
melanoma patients and the added impact of VEGF inhibition with
Ziv-aflibercept

Arjun Khunger, MD', Ghanashyam Sarikonda®, Paul Frankel, PhD?, Jenn
Tsau, PhD?, Zeni Alfonso, PhD?, Jane Gao, MS?, Anil Pahuja, BSC?,
Christine Vaupel, PhD?, Naveen Dakappagari?, Shabnam Tangri, PhD?,
Ahmad Tarhini, MD, PhD*

"Memorial Hospital West, Pembroke Pines, FL, United States; 2Navigate
BioPharma Services, Inc, a Novartis subsidiary, Carlsbad, CA, United
States; *City of Hope, Duarte, CA, United States; “Emory University and
Winship Comprehensive Cancer center, Atlanta, GA, United States
Correspondence: Ahmad Tarhini (tarhiniaa@gmail.com)

Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):P13

Background

Interleukin 2 (IL-2) plays a key role in antitumor immunity by en-
hancing survival of antitumor cytotoxic T lymphocytes and nat-
ural killer (NK) cells and promoting proinflammatory cytokines,
that can lead to durable responses in patients with melanoma.
High levels of vascular endothelial growth factor (VEGF) are asso-
ciated with non-response to IL-2 and combination biotherapy
with Ziv-aflibercept (inhibitor of the VEGF pathway) and high-
dose IL-2 may lead to improved antitumor efficacy. Mechanistic
studies utilizing peripheral blood of melanoma patients treated
with this biotherapy may illuminate the underlying mechanisms
of immune susceptibility and resistance [1].

Methods

Patients with stage Il or stage IV inoperable melanoma were
treated with high-dose IL-2 alone or in combination with Ziv-
aflibercept in a phase 2 clinical trial [1] (NCI8628; Tarhini et al.
Cancer. 2018). Peripheral blood mononuclear cells (PBMC) from
treated patients (N=89) on this trial were tested at baseline (be-
fore initiating systemic immunotherapy), and 6-weeks (following
immunotherapy initiation). High complexity (14-color) flow cytom-
etry designed to detect key immunological biomarkers such as
myeloid-derived suppressor cells (MDSCs), regulatory T cells
(Tregs), proliferating T-cells, PD-1 and TIM3 expression on T-cells,
and differentiation of T-cells into Th1, Th2 or Th17 phenotype
were used to evaluate the correlation between immunological
biomarker expression and efficacy. Statistical significance was de-
termined using ANOVA or paired student’s t-test.

Results

Treatment with high dose IL-2 resulted in significant immune activa-
tion as detected by significant increases in both proliferating CD4+
(p<0.0001) and CD8+ (p<0.0001) T-cells at 6-weeks post-treatment in
both treatment arms in addition to increase in Tregs (CD4+ CD25+
Foxp3+ T-cells; p<0.0001). Addition of VEGF inhibition showed a gen-
eral trend towards decrease in classical monocytes (CD14+ CD16-; p=
0.0769) as well as Th17 cells (defined as CD45RA- CCR6+ CXCR3-
CCR4+; p=0.0597). In patients receiving combination therapy, a
higher proportion of subjects experienced CBR (Clinically Beneficial
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Response = CR+PR+SD) compared to monotherapy and this CBR cor-
related with a decrease in CD4+ ICOS+ (p=0.0219), classical mono-
cytes (CD14+ CD16-; p=0.0141), Th17 cells (CD45RA- CCR6+ CXCR3-
CCR4+; p=0.0445) as well activated CD4+ T-cells (CD4+ CD38+ HLA-
DR+; p=0.0285).

Conclusions

VEGF inhibition with Ziv-aflibercept adds significant immunomod-
ulatory effects when combined with IL-2. Further correlative ana-
lyses determining the effect of combination therapy on
progression-free survival and identifying predictive biomarkers of
therapeutic efficacy are ongoing and will be presented at the
meeting.
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Background

Quantification of immune cell abundance using gene signatures from
mRNA profiling has the potential to inform clinical studies of cancer
immunotherapy. However, few of the signatures reported in previous
studies have been validated therefore the concordance of signature
scores with corresponding immune cell abundance is unknown.
Methods

To tackle this challenge we designed a two-stage validation strategy.
Firstly we validate signatures computationally using previously pub-
lished datasets. Secondly we generate expression profiling data from
an immune cell spike-in experiment with human PBMCs. As a proof
of concept experiment, we implemented the method to validate two
gene signatures for CD141+ dendritic cells (DC) and CD56+ natural
killer (NK) cells.

Results

We demonstrate gene signatures for both CD56+ NK and CD141+
DC cell types show high and significant agreement to the corre-
sponding immune cell abundance.

Conclusions

This work establishes a starting point for validating gene signatures
through an approach that is tractable yet recapitulates real-world
variability we might expect in clinical use.
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Background

Microsatellite instability is a clinically actionable genomic indication for
cancer immunotherapy. In microsatellite instability-high (MSI-H) tumors,
defects in DNA mismatch repair (MMR) can cause a hypermutated
phenotype where alterations accumulate in the repetitive microsatellite
regions of DNA. MSI detection is typically performed by subjecting
tumor tissue (“solid biopsy”) to clinical next-generation sequencing or
specific assays, such as MMR IHC or MSI PCR. Circulating cell-free tumor
DNA (cfDNA) testing (“liquid biopsy”) is rapidly emerging as a less inva-
sive method for cancer detection and monitoring disease progression.
Here, we explore the possibility of detecting MSI in ¢fDNA and develop
a novel cfDNA MSI detection assay with high specificity.

Methods

The Tempus cfDNA targeted panel contains 39 highly informative
microsatellite loci previously used by the clinically validated Tempus
XT 595-gene panel. For each microsatellite locus, we identified all se-
quencing reads that mapped to the corresponding microsatellite re-
gion and quantified the number of repeat units contained within the
sequencing read. Next, three distinct summary statistics were calcu-
lated to characterize the distribution of the number of repeat units
for each locus. Finally, using 54 labeled patient samples (17 MSI-H,
37 microsatellite stable) sequenced with the Tempus cfDNA panel, a
k-Nearest Neighbor (k-NN) classifier was trained to classify each locus
for a new sample. Patient samples with more than 50% unstable loci
were classified as MSI-H.

Results

We validated the ability of our model to detect MSI on a new inde-
pendent validation dataset. MSI-H status was detected in 6 patient
samples. In 3 of these patients (2 colorectal, 1 skin cancer), abnormal
MMR IHC confirmed the detected MSI-H status. In the other 3 pa-
tients (1 colorectal, 1 non-small cell lung cancer, and 1 endometrial
cancer), MSI-H status was confirmed by our clinically validated solid
tumor MSI assay. Furthermore, the reliability of the model was vali-
dated in 10 technical replicates from 2 MSI-H patients in our training
dataset. The results were 100% concordant with all 10 replicates clas-
sified as MSI-H.

Conclusions

These results demonstrate the ability of our assay to detect MSI in
cfDNA with high specificity, providing a transformative opportunity
to report a clinically actionable insight alongside other somatic
changes detected from cfDNA.
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Background
Triple negative breast cancer (TNBC) accounts for 10-20% of breast
cancer and is associated with particularly poor prognosis. Patients
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are commonly treated with neoadjuvant chemotherapy (NAC) and
response to treatment is a strong predictor of overall survival. Re-
cently, the ability of chemotherapeutics to stimulate an anti-tumour
immune response has been appreciated as an important mechanism
of action; possibly contributing to the elimination of distant micro-
metastatic disease by resetting of the attenuated functional immun-
ity. In TNBCs, higher levels of tumour-infiltrating lymphocytes correl-
ate with response to NAC and high intra-tumoral levels of immune-
related genes, including those associated with type | interferon re-
sponses, and the presence of CD8+ cytotoxic T lymphocytes, correl-
ate with improved disease outcome.

Methods

The underlying hypothesis of this study is that phenotypic profiling
of peripheral blood cells have the potential to inform clinical deci-
sions and help predict therapeutic response, with lower costs and
higher compliance than serial tumour biopsies, due to their minimal
invasiveness. Whilst significant research efforts have been made to
assess circulating markers such as circulating tumour cells and circu-
lating tumour DNA as potential biomarkers; understanding the evolv-
ing peripheral “immunological status” of TNBC patients on NAC is
warranted.

We therefore set out to analyse serial blood samples from TNBC pa-
tients receiving NAC to monitor the changes in the peripheral im-
mune response through deep analysis of functional and phenotypic
immune markers. We investigated (1) whether chemotherapy affects
the immune phenotype; and (2) whether a defined peripheral blood
immune phenotypic profile relates to treatment response.

Results

Here we present preliminary results from 10 TNBC patients receiving
NAC. Analysis of 39 PBMC populations using mass cytometry by
time-of-flight (CyTOF), highlighted phenotypic changes in B cell pop-
ulations in response to treatment, in particular a dramatic increase in
circulating regulatory B cells (CD19+CD24+CD38+) post-
chemotherapy (54% and 46.2% of B cells pre- and post-
chemotherapy, respectively, p=0.0004). We also detected an increase
in expression of exhaustion markers (CD38+CD39+) on CD8+ T cells
which was associated with poor response to chemotherapy (0.8 and
2.7 fold increase from baseline in exhausted CD8+ T cells in patients
with pathological complete response and residual disease, respect-
ively, p=0.008).

Conclusions

We now plan to integrate these data with Luminex profiling of 36
serum cytokines, mass spectrometry analysis of circulating exosomes
and clinicopathological and standard of care blood monitoring.
Taken together, this study aims to provide a comprehensive analysis
of the utility of immune monitoring to understand TNBC patient re-
sponse to NAC.

Ethics Approval

The study was approved by NRES Committee London - Chelsea, ap-
proval number 13/LO/1248.
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Background

Immune checkpoint blockade (ICB) has revolutionized the treatment
of many solid tumors, including metastatic melanoma. Despite recent
successes, many patients fail to respond or are overcome by severe
toxicities that limit further treatment. To date, there are no non-
invasive predictors of response and toxicity that can guide treatment
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decisions. In this work, we perform whole plasma and plasma-
derived exosome proteomic profiling to construct a predictive model
of immunotherapy response and toxicity, and to glean further bio-
logic insight into the mechanisms underlying resistance to ICB.
Methods

Whole plasma was analyzed in a cohort of 55metastatic melanoma
patients receiving anti-PD1 antibodies (MGH IRB #11-181) at baseline,
and on-treatment at 6 week and 6 month time-points. Exosomes
were analyzed in 15 of these patients for all time-points. Proteomic
analysis was performed using an innovative multiplex proximity ex-
tension assay that enabled detection of more than 1000 proteins
simultaneously. A linear mixed model with maximum likelihood esti-
mation for model parameters was used to analyze differences be-
tween patient groups, and significant differences were determined
after Benjamini and Hochberg multiple hypothesis correction.
Results

Between plasma baseline and on-treatment time-points, 67 differen-
tially expressed proteins were identified including markers of inflam-
mation such as PD1, CXCL9, CXCL10, CXCL11, IL10, CCL3 and TNFR2.
Exosome samples had a distinct protein signature over the treatment
period compared to plasma, including differential expression of
CXCL16, CCL18, CCL20, and IL6, among others. 41 proteins were dif-
ferentially expressed in plasma between ICB responders and non-
responders including several inflammatory proteins such as CD28,
TNFb, MCSFRa and IL8, and others implicated in melanoma resist-
ance, such as MIA and ERBB2. Similarly, exosome revealed a distinct
protein signature between responders and non-responders com-
pared to plasma consisting of CXCL9, CXCL13, CXCL16, CCL19, CD8a,
GZMA and CD5 expression. Whereas plasma proteins reflected a
myeloid signature, exosome proteins reflected a lymphoid signature,
suggesting that the two compartments may capture elements of dif-
ferent immune processes. Integrating data from both plasma and
exosome proteomics, we applied machine learning tools to build a
predictor of response. Further analysis to look for predictors of tox-
icity is currently underway.

Conclusions

Overall, our work suggests that plasma and exosome protein signa-
tures are distinct and may reflect uniqgue immunological processes.
Proteomic analysis of these compartments may be an effective way
for non-invasive liquid biopsy to predict ICB response.
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Background

The response of metastatic melanoma to anti-PD1 is heterogeneous.
We performed proteomic profiling of patient plasma samples to
build a predictor of immunotherapy response and uncover biological
insights underlying primary resistance.

Methods

An initial cohort comprised 55 metastatic melanoma patients re-
ceiving anti-PD1 (Pembrolizumab or Nivolumab) at Massachu-
setts General Hospital (MGH), and 116 additional patients
comprised a validation cohort. Plasma samples were collected
baseline and on-treatment, at 6 weeks and 6 months' time-
points, and profiled for 1000 proteins by a multiplex Proximity
Extension Assay (PEA, by Olink Proteomics). A subset of patients
had single-cell RNA-seq (Smart-Seq2 protocol) performed on
tumor tissue. Group differences and treatment effects were eval-
uated using linear mixed models with maximum likelihood esti-
mation for model parameters, and Benjamini and Hochberg
multiple hypothesis correction.
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Results

At the baseline, 6 differentially expressed proteins were identified
between responders (R) and non-responders (NR) whereas im-
mune suppression marker ST2 and IL-6 were found significantly
higher among NR. Kaplan-Meier survival curves stratified by the
baseline differentially expressed proteins were highly predictive
of overall survival (OS) and progression-free survival (PFS). At 6-
weeks on-treatment time point, 80 proteins were found differen-
tially expressed between R and NR including several proteins im-
plicated in primary or acquired resistance (IL8 MIA, TNFR1
among others). Several 6-weeks differentially expressed proteins
were highly predictive of survival (ICOSL, IL8, MIA). Furthermore,
160 significantly differentially expressed (DE) proteins were identi-
fied across the treatment period majority of which are reflective
of immune activation under the pressure of the immunotherapy.
Analysis of single-cell RNA-seq data of tumor tissue from a subset
of these patients revealed that gene expression of most proteins
predictive of response were enriched among tumor myeloid cells,
with the remainder of proteins being reflective of exhausted T
cell states.

Conclusions

These results unveil a putative role of myeloid cells within the
tumor microenvironment in anti-PD1 response or primary resist-
ance. Whole plasma proteomic profiling of anti-PD1 treated pa-
tients revealed DE proteins between R and NR that may enable a
liquid biopsy to predict anti-PD1 response. Importantly, we dem-
onstrate the relationship of serum biomarkers to OS and PFS and
are currently attempting to build machine learning classifiers as
predictors of response to checkpoint therapy leveraging early and
late on-treatment time points.
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Background

There is an urgent need for immune biomarkers that can monitor
the status of inflammation of cancer patients. Soluble biomarkers
represent a convenient prognostic and diagnostic method. Sema-
phorin 4D (Sema4D) is a glycoprotein that can function as a trans-
membrane protein or a cleaved soluble form (sSema4D), that we
previously detected in peripheral blood [1]. The role of Sema4D as
an inflammatory mediator in several pathological aspects and its role
in tumor immune suppression [2,3], highlights its significance as a
molecule to be further investigated for translational potential. The
objective of this work was to investigate the level of sSema4D in
plasma in relation to the histological pattern of tumor inflammation
of head and neck squamous cell carcinoma (HNSCC) patients in real
time.

Methods

Under University of Maryland institutional review board approval and
upon patient consent, we obtained paired peripheral blood and
tumor tissue of thirty-nine HNSCC patients, collected at the same
time point to allow for real time correlative analysis. Thirty eight pa-
tients of classic autoimmune conditions, thirteen allergy patients,
seven osteoarthritis patients and thirty-one healthy donors were in-
cluded as controls. The level of Sema4D in plasma was detected
using tailored direct ELISA assay. The histological pattern of tumor in-
flammation [4] was analyzed by three pathologists using the
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immunohistochemical staining of Sema4D of the tumor associated
inflammatory cells (TAls).

Results

sSema4D levels in plasma of HNSCC and the autoimmune individuals
(p=0.18, independent-samples Mann-Whitney test), were not statisti-
cally significantly different, but sSema4D levels were significantly
higher in the HNSCC and the autoimmune groups compared to
healthy donors (p<0.001 for both comparisons). Three histological
patterns of tumor inflammation were defined according to the extent
of stromal inflammation and TAls infiltrate into the tumor islands.
First; the inflamed type (TAls infiltrated the tumor cells), second the
TAls excluded type (inflamed stroma but TAls did not infiltrate the
tumor islands and/or were excluded by a thin peri-tumoral fibromyx-
oid zone) and third as deserted ( minimal to no TAls in the peri-
tumroal stroma or the tumor islands). The paired tumor tissue and
blood samples collected at the same time point, showed that high
levels of sSema4D in plasma, correlated directly with TAls excluded
histological pattern of tumor inflammation (p= 0.04).

Conclusions

Our data presents a novel role of Sema4D as a soluble immune bio-
marker that can read in real time the histological pattern of tumor in-
flammation. This opens new avenues for personalized immunotherapy
and HNSCC patient stratification.
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Background

Background: Activation markers such as PD-1 and PDL-1 as well as
tumor mutation burden and IFN-gamma gene expression profiling
have been explored as markers for response in melanoma and in
other cancers. PD-1 inhibition activates checkpoint positive cytotoxic
T lymphocytes (cpCTLs) inducing tumor regression. We have previ-
ously demonstrated that baseline peCTL frequency predicts response
to anti-PD-1 monotherapy and combination CTLA4/PD-1 blockade in
metastatic melanoma. We evaluated the frequency of this CD8+ T cell
subset at baseline and after immunotherapy treatment and evaluated
the utility of the intensity of expression activation marker expression
as a surrogate for tumor response as assessed by flow cytometry.
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Methods

We identified 490 patients with melanoma biopsied pre and post
PD-1 therapy and available for analysis. Of these 148 patients
had unresectable stage lll or stage IV melanoma and were treat-
ment naive and started PD-1 therapy following biopsy. An add-
itional 61 patients were identified with PD-1 resistant melanoma.
Approximately 2 x 106 cells were stained with anti-hCD3, anti-
hCD8, anti-hCD45, anti-CD4 , anti-Foxp3, anti-hCTLA-4 (14D3),
anti-PD-1 , anti-HLA-DR, anti-PD-L1, and LIVE/DEAD Fix- able
Aqua Dead Cell Stain (Life Technologies). Data were acquired by
an LSRFortessa (BD Biosciences) and analyzed using FlowJo soft-
ware (Tree Star, Inc.). Objective Responses were evaluated by
RECIST 1.1, CR/PR were classified as “responders” and SD/PD as
“non-responders.”

Results

: cpCTL percentage correlated with response. The mean cpCTL was
27.1% for treatment naive responders (R), 16.52% for treatment naive
non-responders (NR) and 8.59% for PD-1 resistant patients post treat-
ment (ANOVA p=0.0003 for R/NR, 801 (ANOVA p=0.0002).
Conclusions

PD-1 progressive patients are significantly depleted in cpCTL even
compared to treatment naive non-responders, suggesting that add-
itional T cell influx may be needed for effective checkpoint blockade
in these patients. In treatment naive melanoma, CD8+ activation as
shown by CTLA-4 MFI has an optimal range along the activation-
dysfunction spectrum, and strongly correlates with response to PD-1
checkpoint therapy.
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Background

The efficacy of immune response in solid tumor settings is driven
by many factors including the biology of the tumor, the immune
system, and the microenvironment. The Tumor Inflammation Sig-
nature (TIS) is an 18-gene Research Use Only (RUO) signature that
measures the presence of a preexisting immune response on the
nCounter platform and enriches for response to pembrolizumab
[1]. We have incorporated TIS into the PanCancer 10 360 panel, a
770-gene RUO expression assay containing 48 additional signa-
tures of tumor-immune biology. To accompany this panel, we
have created analysis software that associates the gene expres-
sion and signature scores with annotations of the samples to
characterize the immune system, tumor, and stroma within the
tumor microenvironment to give insight into underlying biology
of response to treatment, disease progression, survival, and other
sample characteristics.

Methods

The PanCancer IO 360 assay relies on gene signatures to describe
biological processes, measure the presence of 14 different im-
mune cell populations, or report the expression of key thera-
peutic targets. Data from The Cancer Genome Atlas (TCGA) was
used for signature training and development. Signatures are ei-
ther single genes, weighted linear sums of multiple genes with
coregulated expression, or algorithms to determine under-
expression of genes in a coregulated pathway [2,3]. The analysis
software leverages differential expression analysis and Cox
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proportional hazard modeling to associate gene expression and
signature scores with the clinical annotations.

Results

In the PanCancer IO 360 analysis, genes and signatures are compared
to clinical annotations through heat maps, volcano plots, forest plots,
box plots, waterfall plots, swim lane plots, Kaplan Myer plots, scatter
plots, and the 10 360 wheel plot. The report is delivered in an HTML
format that provides interactive visualizations, quality control, and
downloadable results. Data are analyzed individually and as part of
larger treatment groups.

Conclusions

The PanCancer 10 360 assay is a tool for characterizing transcriptional
patterns associated with tumor-immune interactions that can be ap-
plied across a wide range of cancer types. Gene signatures enable ro-
bust characterization of immune activity from small sample cohorts,
and the report simplifies the interpretation of results. This combin-
ation enables researchers to have insight into clinically relevant biol-
ogy that will ultimately lead to help drive the immune-oncology
field.
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Background

CyTOF produces high dimensional single cell data allowing simultan-
eous monitoring of multiple immune cell subsets. This enables
characterization of the immune system in normal and disease states.
We developed a standardized pipeline to study human peripheral
blood mononuclear cells (PBMCs) of cancer patients. Here we detail
our process and present early findings on a cohort of 40 patients
with early-stage triple-negative breast cancer (TNBC) treated with
neoadjuvant chemotherapy.

Methods

Thirty commercially-available metal-tagged antibodies were opti-
mized to identify major cell subsets using a 4-point titration scheme.
Replicates of cryopreserved PBMCs from a pool of 4 healthy donors
were created for panel titration and used as longitudinal references.
We studied 40 cryopreserved PBMCs from patients with TNBC. We
stained samples individually using standard protocol, barcoded over-
night during DNA intercalation, and pooled for acquisition. Debar-
coded output data was normalized on a per-batch basis to the
median intensity of EQbeads. We uploaded files to an automated
platform for unbiased processing. Patient-level meta-data was added
to experiment matrix to determine differential abundance of immune
subsets across clinical and pathological groups.

Results

We required 7 rounds of titration to optimize antibody concentra-
tions. Data was collected on over 23 million live single-cell events
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(Table 1) assigned to 31 canonical populations (Figure 1A). The me-
dian frequencies of main populations were: B cells (11.9%), T-CD4+
cells (34.3%), T-CD8+ cells (11.7%), NK cells (8.6%), and monocytes
(11.3%). At the profiling level, 76 subsets were agnostically identified,
with B, T, NK, and monocytes broken down into 10, 32, 8, and 13
subsets respectively. Activated (CD38+CD161+) CD16+NK cells (Fig-
ure 1B) were more prevalent in TNBC samples (median 5.2%, range
0.5%-11.9%) compared to normal blood (median 0.76%, range 0.1%-
2.4%). A population with phenotype suggestive of myeloid derived
suppressor cells (LineagenegHLA-DRLowCD66b+CD24+CD16+; Figure
1C) was also more prevalent in TNBC samples (median 1.2%, range
0.1%-17.3%) compared to normal blood (median 0.6%, range 0.2%-
1.0%). These populations demonstrated opposite association trends
when patients were stratified by clinical outcomes. Activated NK cells
were more frequent in patients achieving pathological complete re-
sponse while MDSC-like cells were more frequent in those with re-
sidual disease (Figures 1D-1E).

Conclusions

We demonstrated the feasibility of a complete pipeline for deep phe-
notyping of cryopreserved PBMCs in cancer patients. Our approach
identified rare cell subsets using an unbiased analysis tool, linking
specific populations to opposite clinical outcomes. High dimensional
immune monitoring is feasible and should be applied to study the
immune system of cancer patients at large.
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Table 1 (abstract P23). See text for description

TNBC samples Reference samples All samples
[mean (+SD)] [mean (£SD)] [mean (£SD)]
Post-thaw cell count (x 10°) 3.83 (+2.1) 8.41 (+1.5) 4.5 (£2.6)
Total cells stained (x 10°) 2.7 (0.8) 3.0 (x0) 2.7 (£0.7)
Final event count on FCS file (x 10°) 0.72 (+0.25) 0.97 (+0.2) 0.76 (+0.26)
Single-cell event count (x 105) 0.59 (+0.24) 0.88 (+0.17) 0.63 (+0.26)
Events assigned by Astrolabe (%) 93% (+5%) 93% (+4%) 93% (+5%)
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Background

The tumor microenvironment (TME) is a network of complex inter-
actions between the tumor and surrounding immune cells. Im-
munotherapies including immune checkpoint blockade have
demonstrated therapeutic efficacy and durable responses for sev-
eral tumor types, however most patients are nonresponsive or de-
velop resistance to such immunotherapies. To identify new
predictive biomarkers to better stratify patients, it is essential to
comprehensively characterize the immune cells within the TME at
the molecular level. Traditional methods to assess gene expression
in tissues lack either spatial information or sensitivity/specificity. To
address this, we have developed a novel workflow combining the
single molecule and single cell visualization capabilities of the RNA-
scope in situ hybridization (ISH) assay with the highly multiplexed
spatial profiling capabilities of the GeoMx™ Digital Spatial Profiler
(DSP) RNA assays (Research Use Only).

Methods

The fully automated RNAscope Multiplex Fluorescent assay was used
to visually identify CD3E (T-cell)-enriched regions and CD19 and
CD20 (B-cell)-enriched regions within FFPE human lung cancer tis-
sues. Using the GeoMx DSP, 10 CD3E-enriched regions of interest
(ROI) and 10 CD19-enriched ROI were spatially profiled for 78 genes
related to immune-oncology research. The RNAscope Multiplex Fluor-
escence assay was used again to visually confirm the differentially
expressed genes between the T and B-cell-enriched regions with sin-
gle cell resolution.

Results

To show a workflow combining RNAscope molecularly guided
visualization and GeoMx DSP profiling is feasible, we confirmed
that both assay protocols are compatible. We then examined con-
cordance between GeoMx DSP and RNAscope ISH data, demon-
strating that RNAscope and GeoMx DSP data can be obtained on
the same section. To test the full automated workflow, we com-
pared the differentially expressed genes within the T cell and B
cell-enriched ROI. The RNAscope assay confirmed that, while the
expression of the immunoregulatory molecules CTLA4, PD-L1, PD-
1, and ICOSLG were detected in both ROIl, the CD3E (T-cell)-
enriched ROl demonstrated significantly higher expression of
these checkpoint markers. Compared to the CD19-enriched ROI,
the CD3-enriched ROI also showed increased inflammatory signa-
ture, demonstrated by elevated levels of cytokines and chemo-
kines such as CCL5, CXCL9 and IFNG.

Conclusions

We present a robust workflow that overcomes the historical limita-
tions of ISH and IHC by combining high resolution imaging with high
plex profiling. With this workflow, the RNAscope ISH technology can
molecularly guide the GeoMx DSP to precisely profile ROl while
retaining the morphological context of heterogenous tumors. Fur-
thermore, RNAscope assays can be used to confirm GeoMx DSP-
identified gene expression signatures at single cell resolution.
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Background

Since the introduction of checkpoint blockade inhibitors for cancer
immunotherapy, numerous studies have sought to identify bio-
markers predictive of patient response [1]. However, the relevance of
antigen-driven responses to the tumor has yet to be investigated. To
address this question, we examined T cell responses to MART-1, an
antigen overexpressed in melanoma cells and a target for melanoma
clinical trials that have had variable degrees of success. We hypothe-
sized that features of patients’ MART-1 CD8+ T cell repertoires could
predict their response to checkpoint blockade.

Methods

To understand the MART-1 T cell repertoire, MART-1 CD8+ T cells
were expanded from HLA-A2+ melanoma patients and healthy do-
nors using artificial antigen presenting cells (aAPC) or peptide-pulsed
dendritic cells. Tetramer positive cells were sorted after 14-22 days
and CDR3p sequenced. Motif analysis based on sequence homology
was performed using the Immunomap algorithm by clustering
11,252 unique MART-1 CDR3B sequences from 33 samples and 20

donors, including five nivolumab responders and five non-
responders [2].
Results

No significant difference in the frequency of MART-1 expanded T cells
was seen between healthy donors and melanoma patients with or
without checkpoint therapy. There was no immunodominant V3 gene
usage and limited clonotype overlap between donors. However, se-
quence homology showed extensive overlap between donors, driven
by two clusters present in 60% and 80% of samples at average frequen-
cies of 10% and 14%, respectively. These clusters were homologous to
each other as well as the DMF4 T cell receptor (TCR), one of the first
clinically used genetically engineered T cells, with a known crystal struc-
ture [3,4]. The core region of these clusters contained a conserved
amino acid motif that was identical to contact residues between the
DMF4 TCR and MART-1 peptide bound to HLA-A2. The motif identified
from the core region of these clusters was highly conserved across
samples, present almost exclusively in the junctional region between
the D and J genes of the CDR3p, and encoded by a diverse range of
nucleotides, all evidence of selective pressure. Despite its conservation,
the frequency of this motif was nearly six times lower in pre-therapy
samples expanded from non-responders compared to responders (40%
vs. 7%, p=0.0045, Figure 1).

Conclusions

Since the frequency of the identified MART-1 TCR motif is significantly
lower in non-responders compared to responders, it could potentially
be used as a biomarker to predict response of HLA-A2+ melanoma pa-
tients to checkpoint blockade prior to the onset of therapy.
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Background

Immunotherapy is an actively growing arena in oncotherapeutics re-
search and development. In this context, whether testing CAR-T cells,
checkpoint inhibitors, or novel bispecific antibodies, the ultimate
goal is to modulate the immune system to harness its tumor killing
power. T cells play a critical role in immune-regulated clearance of
both liquid and solid tumors. Upon antigenic stimulation and activa-
tion, T cells rapidly expand, secrete cytokines, and differentiate to
various functional subsets (e.g. effector T cells, memory T cells). On
the other hand, suppression of T cells (i.e. exhaustion) leads to im-
mune escape and the spread of tumor cells. Mouse models remain
the most commonly used animal system for in vivo and in vitro can-
cer biology research and drug discovery. As researchers move for-
ward to either better understand the role of T cells in cancer biology
or to develop novel immunotherapies, there is a need for improved
methods to quickly gather comprehensive data on T cell biology in
this model. To address this, we demonstrate a multiplexed, high-
throughput, robust assay workflow capable of measuring multiple
murine T cell biology endpoints quickly and reproducibly in a single-
well format.

Methods

In our workflow, stimulated mouse T cells were assayed in a 96-well
plate using fluorescent antibodies against CD3, CD4, CD8, CD69,
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CD44, CD62L, and PD-1, QBeads for cytokine detection, and markers
for cell viability and proliferation. Data were acquired on the iQue3
technology (VBR configuration) and analyzed on a plate-based level
using the integrated ForeCyt software.

Results

Our assay workflow enabled simultaneous evaluation of viability, in-
terrogation of helper and cytotoxic T cells for markers of activation
and exhaustion, and identification of key memory subsets. Prolifera-
tion and secreted cytokines (IFN-gamma and IL-2) were also quanti-
fied. Data analysis and visualization of multiple endpoints was
streamlined and performed in real time using the ForeCyt software.
Conclusions

The assay was completed in four hours, including data analysis. This
workflow saves the end user’s time and resources by combining mul-
tiple experiments into a single, multiplexed workflow, and helps
minimize subject-to-subject variability. Altogether, our workflow al-
lows for easy phenotype and functional profiling of murine T cells in
a single-well format while generating actionable results in a matter
of hours.
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Background

The tumor stroma consists of various components of the tumor
microenvironment including tumor cells, fibroblasts, immune cells
and the extracellular matrix. Spatial organization and dynamic inter-
play of the complex cell-to-cell interactions play an important role
in cellular phenotypes that can result in permanent alterations in
cellular functions and response to oncology as well as immuno-
oncology drug treatments. While informative, conventional 2D
tumor dissociated models do not maintain the stromal-
stoichiometry of the tumor microenvironment, lacking vital support
mechanisms necessary to accurately assess ex-vivo tumor cell via-
bility and immune-cell activation after drug treatment. Here, we de-
scribe a functional quantitative multiplex immunofluorescence
platform, 3D-plEX, to quantify drug-mediated changes in tumor im-
mune microenvironment and tumor cell viability in intact 3D tumor
organoids of patient tumor samples.

Methods

All patient tumor samples were obtained with patient consent
and relevant IRB approval. Unpropagated live 3D tumoroids
measuring 100-150 micron in size were prepared from fresh pa-
tient tumors using a proprietary technology, pooled together to
represent tumor heterogeneity and equally distributed to differ-
ent treatment groups including nivolumab, ipilimumab, atezolizu-
mab and urelumab singly or in different combinations. Cell
media was collected for multiplex cytokine release assay. Tumor-
oids were fixed and embedded for multiplex immunofluorescence
studies. In addition to tumor cell killing, treatment-mediated
changes in TME was analyzed in each treatment group side-by-
side using multiplex immunofluorescence markers including CD4,
CDS8, FoxP3, CD68, Pan-CK, PD-L1 and Ki67.

Results

Our results demonstrated that 3D-plEX platform using clinically rele-
vant intact, uniformly sized tumoroids of fresh patient tumor tissue is
highly versatile and reliable approach to quantify drug-mediated
changes in cellular composition and spatial organization of the tumor
immune microenvironment.

Conclusions

Combination of this approach with multiplex cytokine release assay
allows a comprehensive understanding of dynamic changes within
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the tumor tissue upon drug treatment. The impact of different
immuno-oncology drug treatments ex vivo on TME will be discussed.
Application of this platform in the clinical studies may also allow de-
termining the most effective combinatorial therapeutic strategies for
individual patients.

P28

Mass spectroscopy-based highly multiplexed super-resolution
imaging method for fine details of tumor microenvironment
monitoring and tumor-immune cell interactions

Yunhao Bai, BS', Bokai Zhu', Michael Angelo, MD, PhD', Yongxin Zhao?,
Sizun Jiang, PhD', Xavier Rovira Clave, PhD', Garry Nolan, PhD'
'Stanford University, Stanford, CA, United States; 2Camegie Mellon
University, Pittsburgh, PA, United States

Correspondence: Sizun Jiang (sizunj@stanford.edu); Xavier Rovira Clave
(xrovira@stanford.edu); Garry Nolan (gnolan@stanford.edu)

Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):P28

Background

In tumor microenvironment, tumor-immune interactions are indi-
cated by cell surface proteins such as T cell receptor (TCR) and PD-
L1. The key workhorse for studying these cellular interactions is via
imaging; conventional imaging methods are limited by the number
of channels and the spatial resolving capabilities.

A new modality of imaging, Multiplexed lon Beam Imaging (MIBI)
[1,2], can resolve >40 parameters simultaneously in biological sam-
ples. MIBI can current attain single cell resolutions but has difficulties
in resolving fine subcellular features. Here, we present Expansion
MIBI (ExMIBI), which combines a physical expansion of a biological
sample with the MIBI imaging method. ExMIBI will be critical for the
scientific community to obtain previously inaccessible insights into
the fine details of tumor microenvironment and cancer-immune cell
interactions, and promises to unravel fundamental insights in patient
immunotherapy responses.

Methods

Expansion microscopy (ExM) [3,4] is a technique that can physical ex-
pansion of biological specimens 4 to 10 folds through polymer
chemistry, three-color fluorescent imaging of cellular features with
an apparent lateral resolution of 70 nm in diffraction-limited confocal
microscopes has been achieved. However, the expanded gel is fragile
and contains up to 99.9% water, which limits its usage in imaging
method that requires high vacuum condition. We explored a way to
collapse the tissue-containing gel on a complementary charged sub-
strate to achieve a vacuum-compatible gel that can be imaged by
the MIBIscope, with lateral resolution <100 nm. Various methods for
sample charging removal are systematically tested for imaging a
non-conductive gel in MIBI.

Results

We have established a robust method, ExMIBI, that allows ExM
hydrogels to be compatible with the high vacuum imaging condi-
tions of the MIBI. This method can achieve 40 parameters. A vali-
dated panel of MIBI compatible antibodies, focusing on the immune
system, is being tested and established for ExMIBI in FFPE tissues
(Figure 1).

Conclusions

The combination of ExM and MIBI, termed ExMIBI, permits highly
multiplexed super resolution imaging of tissue samples. We will now
be able to map previously inaccessible, finer details of the tumor
microenvironment. The application of ExMIBI to dissect cellular im-
mune interactions, in their spatial biological context, will allow a bet-
ter understanding into the basic principles of our immune system in
healthy and disease states.
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Background

Manual pathology assessments of Immunohistochemistry (IHC)
markers in immune oncology (IO) is often challenging and results
can be highly variable[1,2]. Measuring biomarker presence in |0 must
take in to account both immune and tumor environments and pro-
vide contextual information on the interaction between tumor and
immune biomarker landscapes [3]. Due to the complex nature sur-
rounding tissue biomarker interpretation in 10, digital image analysis
(IA) solutions have been developed that layer complex artificial
intelligence (Al) and machine learning algorithms to obtain full tissue
biomarker profiles necessary for drug development and patient
stratification[4].

Here, a comprehensive tissue analysis solution is presented in mono-
plex PD-L1 and CD8 stained slides that includes precise digital bio-
marker scoring in tumor and stromal compartments, recapitulation of
common scoring paradigms, analysis of biomarker expression at the
tumor/stroma interface (margin), and quantification, scoring, and
spatial localization of leukocytes in the tumor and stroma. Aggrega-
tion of all cellular and biomarker data generates tissue phenotypes
that characterize the |0 landscape of each tissue.

Methods

Serial sections of 20 NSCLC samples were IHC stained for PD-L1 and
CD8 expression. Stained slides were scanned at 20x magnification
and analyzed using Flagship Biosciences’ image analysis solutions.
Image analysis algorithms which quantify biomarker expression,
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separate tumor and stromal compartments, detect tumor/stroma
margins, and identify leukocytes in immunostained tissues were im-
plemented in each tissue analyzed. Resulting image markups of cell
detection and biomarker expression measured by image analysis
were reviewed by an MD pathologist for acceptance. Tissues not
meeting acceptance criteria were re-analyzed until acceptable to the
reviewing pathologist.

Results

We demonstrate the synergistic value of layered image analysis algo-
rithms which provide context to biomarker expression in NSCLC tis-
sues. Samples were grouped in to immune desert, excluded, and
inflamed phenotypes based on total leukocyte and CD8 expression
patterns in the tumor, stroma, and margin. PD-L1 expression was
scored based on percentages of tumor and stromal expression, as
well as digital representations of common PD-L1 scoring paradigms.
Additionally, samples were stratified by PD-L1 patterns of constitu-
tive, induced, immune, or ignorant expression.

Conclusions

Digital image analysis of IHC stained tissues creates comprehensive
tissue biomarker profiles that are useful in assessment of tumor and
immune interactions in 10 drug development and patient stratifica-
tion. Complex algorithms that utilize Al and machine learning can be
overseen by MD pathologists to create clinically acceptable digital
analysis solutions.
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Background

In colorectal cancer (CRC) there have been many recent advances in
immune-related biomarkers that are both prognostic and predictive
of response to immunotherapy. Microsatellite instability (MSI)/mis-
match repair deficiency (dMMR) is present in ~15-20% of CRCs and
corelates with increased immunogenic mutations that often augment
lymphocyte infiltration into the tumor microenvironment (TME). Add-
itionally, location of tumor infiltrating T-cells in two areas of the TME,
the tumor center (CT) and invasive margin (IM) has also been shown
to be prognostic and predictive of response to immunotherapy. Here
we use multiplexed protein and RNA digital spatial profiling to elicit
the immune landscape of MSI-MSS characterized CRC tumors.
Methods

Forty-eight CRC tumors were analyzed for gene expression (GX)
using the NanoString® nCounter® PanCancer IO 360™ Research Use
Only (RUO) Gene Expression Panel and assessed for 48 cell typing
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and biological signatures, including MMR loss/MSI predictor and the
Tumor Inflammation Signature (TIS). A subset of 18 CRC tumors (6
MSI-TIS-hi, 6 MSS-TIS-hi, 6 MSS-TIS-lo) was selected for analysis with
the RUO GeoMx™ Digital Spatial Profiler (DSP) using 40 antibodies,
84 or 1,600+ in situ probes. Selection of regions of interest (ROls) in
two locations, CT and IM were guided by staining with fluorescent
markers (CD45, CD3, pan-CK, DNA). 300-600 pM diameter circle ROIs
were selected, and in some cases segmented by pan-CK+/pan-CK-.
Results

Using whole tissue GX, we first confirmed MSI/dMMR characterization
and TIS status of 48 CRC tumors using PanCancer 10 360 signatures.
We selected 18 tumors within this cohort based on TIS status to fur-
ther dissect the location-dependent immune contexture of the TME,
with a particular emphasis on differentiating MSI-TIS-hi and MSS-TIS-
hi CRCs. DSP confirmed loss of dMMR markers (MSH2/MLH1) and
identified an increased amount of potentially suppressive macro-
phages (CD163+PD-L1+) in MSI-TIS-hi versus MSS-TIS-hi tumors. Seg-
mentation of ROIs based on tumor versus stroma (pan-CK+/-)
identified samples with high proportions of tumor-invading TILs.
These samples were then further profiled using probes against
1600+ mRNA targets revealing distinct pathways related immune cell
orientation within the TME.

Conclusions

Here we show the use of novel high-plex spatial profiling to profile
location and pathways in the TME of MSI and MSS CRC tumors.
These findings elicit unique biology related to the location and sig-
naling of immune cells, which have the potential to unveil targets for
therapeutic combinations.
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Background

The tumor microenvironment hosts a myriad of cellular interactions
that influence tumor biology and patient outcomes. Multiplex im-
munofluorescence (mIF) provides the ability to investigate a large
number of these interactions in a single tissue section, and has been
shown to outperform other testing modalities for predicting re-
sponse to immunotherapies [1].

Multispectral imaging (MSI) improves the capabilities of mIF by pro-
viding the ability to spectrally unmix fluorescence signals. This in-
creases the number of markers that can be probed in the same scan
and allows for separation of true immunofluorescence signals from
tissue autofluorescence background.

Here, we apply MSI to explore spatial interactions observed in lung
cancer samples using an end-to-end translational workflow based on
the PhenopticsTM platform. The workflow includes a pre-optimized
7-color staining panel kit along with a pre-configured analysis algo-
rithm for cell phenotyping.

Using tissue microarrays (TMA), we demonstrate the heterogeneity of
spatial interactions observed among different lung cancer samples
and the improved sensitivity of detection afforded by unmixing
multispectral scans.

Methods

A lung cancer TMA was created using the 3DHistech TMA Master ||
from five formalin-fixed paraffin-embedded lung cancer tissue blocks.
The TMAs were stained using the Opal Polaris 7-Color PD1/PD-L1
Lung Cancer Panel Kit on the Leica BOND RXTM automated stainer
using the associated preloaded Opal 7-Color Panel Kit protocol.
Whole slide MOTiFTM multispectral scans were acquired on Vectra
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Polaris® with pre-defined acquisition parameters. Scans were un-
mixed and analyzed with inForm® software using a pre-configured al-
gorithm tailored to the PD1/PD-L1 Lung Cancer Panel Kit. Spatial
analyses and visualizations were performed using the phenoptr and
phenoptrReports R-based packages and custom scripts.

Results

The pre-optimized Opal Polaris 7-Color PD1/PD-L1 Lung Cancer Panel
Kit was able to visualize the panel targets (PD-L1, PD-1, CD8, CD68,
FoxP3, and Cytokeratin) across the variety of lung cancer samples in
the TMA. Cell phenotyping and spatial analyses revealed core-to-core
variations in cell densities and proximities among different markers.
Measurement of the dynamic range of PD-L1 expression across dif-
ferent cores also revealed the improved sensitivity in PD-L1 detection
provided by unmixing.

Conclusions

The end-to-end Phenoptics staining, imaging, unmixing, and spatial
analysis workflow described here provides a robust and sensitive
platform for exploring the immune landscape within the tumor
microenvironment.
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Background

Tumor cells accumulate deleterious genomic alterations through sus-
tained mutagenic exposure and defective DNA repair. Approximately
15% of human colorectal carcinomas (CRCs) display mismatch repair
deficiency (MSI-H) associated with increased somatic mutations and
sensitivity to immune checkpoint blockers. Advanced tumors can
harbor additional DNA-repair alterations with functional/therapeutic
implications. Increased double strand DNA breaks have been re-
ported across solid tumors and can be detected by changes in
Serine139-phosphorylated histone H2AX (yH2AX). We studied the im-
mune composition of human CRCs with MSI-H and elevated DDR.
Methods

Using multiplexed quantitative immunofluorescence (QIF), we stud-
ied the level of major adaptive and innate immune markers in a
retrospective collection of 265 stage I-IV CRCs from Yale represented
in tissuemicroarrays. We used previously validated QIF panels includ-
ing the markers DAPI, cytokeratin, yH2AX, CD3, CD4, CD8, CD20, PD-
L1, CD15, myeloperoxidase (MPO), IL-8, Ki-67, granzyme-B (GZB),
Beta-2 microglobulin (B2M), HLA-class | and HLA-class Il. The MSI sta-
tus was determined using clinical-grade immunohistochemistry de-
tection of MLH1, MSH2, MSH6 and PMS2. We analyzed the
association between localized measurement of markers and with
major clinicopathologic variables/survival.

Results

From 252 evaluable cases, 12.1% were classified as MSI-H. Relative to
MSS tumors, MSI-H CRCs showed significantly higher levels of PD-L1,
lower CD20 and non-significant increases in CD3, CD4, CD8, T-cell Ki-
67 and T-cell GZB. MSI-H cases displayed lower tumor-cell B2M and
increased stromal HLA-class Il expression. MSI-H tumors also showed
significantly higher levels of IL-8 and MPO+ cells than MSS
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counterpart. The level of yH2AX was comparable between MSI-H and
MSS malignancies. Cases with increased tumor-cell yH2AX (> cohort
median) showed significantly higher levels of PD-L1 and all studied
lymphocyte markers than cases with lower yH2AX. In addition, these
tumors displayed significantly higher T-cell proliferation, mild in-
creases in T-cell GZB and higher levels of HLA-class I/class Il proteins.
The levels of IL-8 and MPO+ cells were comparable across the yH2AX
groups. The DNA repair and immune markers were variably associ-
ated with 5-year overall survival in the cohort.

Conclusions

DNA repair deficiency defines human CRCs with distinct innate and
adaptive immune contexture. While mismatch repair deficiency is as-
sociated with mild/moderate intratumor T-cell responses and prom-
inent myeloid cell features; elevated DDR display prominent adaptive
immunity and unaltered myeloid-cell changes. Our data indicate that
MSI-H and DDR phenotypes are independent features in human CRC
and this could be used to design optimal therapeutic strategies.
Ethics Approval

All tissues were used after approval from the Yale Human Investiga-
tion committee protocol #9505008219 which approved the patient
consent forms or waiver of consent.
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Background

Tumor cells accumulate genomic alterations as a consequence of
sustained mutagenic events and defective DNA repair mechanisms,
collectively called DNA damage response (DDR). Targeting DDR path-
ways can induce synthetic lethality and prominent anti-tumor re-
sponses in neoplasms with DNA repair deficiency. In addition,
increased DNA damage could favor anti-tumor immune responses by
increasing the neo-antigenic load and T-cell recognition. Despite its
therapeutic implications, the frequency and significance of DDR alter-
ations in human non-small cell lung cancer (NSCLC) remains poorly
understood.

Methods

Using irradiated cell line preparations and expression controls, we
standardized a multiplexed quantitative immunofluorescence
(mQIF) panel for simultaneous and localized measurement of
DAPI (all cells), cytokeratin for tumor epithelial cells (AE1/AE3,
DAKO), yH2AX to map active DNA damage/repair responses
(JBW301, Millipore), CD3 for T-lymphocytes (Rabbit polyclonal,
DAKO) and PD-L1 (E1L3N, CST) in formalin-fixed paraffin-
embedded (FFPE) tissue samples. We used this panel to interro-
gate 4 retrospective NSCLC cohorts from Yale represented in tis-
sue microarray format including immunotherapy-naive cases
(Cohort#1: n=297 and #2:n=175); lung adenocarcinomas tested
for major oncogenic mutations (Cohort #3, n=139); and baseline
NSCLC samples from patients treated with immune checkpoint
blockers (Cohort #4, n=84). We analyzed the levels of the markers
in different tumor tissue compartments and their association with
major clinicopathological variables.

Results

Detectable nuclear tumor-cell yH2Ax was recognized in 37-58% of
NSCLCs. Elevated tumor-cell yH2Ax expression was consistently asso-
ciated with smoking history, increased intratumor CD3+ T-cells and
PD-L1 protein expression across the cohorts. The level of yH2Ax was
significantly lower in KRAS mutant lung adenocarcinomas than in
EGFR mutant or EGFR/KRAS wild type tumors. No additional
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clinicopathologic associations were found. yH2Ax was not prognostic
as single marker. However, elevated simultaneous expression of
YH2Ax and CD3 was associated with longer 5-year overall survival in
the immunotherapy-naive cohorts. In patients treated with PD-1 axis
blockers, elevated baseline yH2Ax/CD3 was associated with a clear
trend toward longer survival but did not reach statistical significance.
Conclusions

Active DDR as measured by tumor-cell yH2Ax expression occurs in a
high proportion of human NSCLCs and is associated with T-cell in-
flamed tumors. Despite their association with smoking, lung adeno-
carcinomas harboring activating mutations in KRAS display lower
DDR markers than EGFR mutant or EGFR/KRAS wild type malignan-
cies. Collectively, our results support the use of combination therapy
targeting DDR and immunostimulatory therapies in a fraction of
NSCLC.

Ethics Approval

All tissues were used after approval from the Yale Human Investiga-
tion committee protocol #9505008219 which approved the patient
consent forms or waiver of consent.
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Background

Understanding cellular heterogeneity and spatial relationships be-
tween biomarkers within the tumor microenvironment (TME) is a key
component to translational research in immuno-oncology. Multiplex
immunofluorescence (mIF) on formalin-fixed, paraffin-embedded
(FFPE) tissue is the multiparameter assay most frequently chosen
across all current 1/0 clinical trials, as it allows for quantitative assess-
ment of these relationships in situ. Running medium to large scale
translational studies on FFPE tissue demands an assay that is repro-
ducible, quantitative, easy-to-use, and standardized, yet still allows
for flexibility when detecting differentially expressing biomarkers
across samples. In this study, we demonstrate a fully developed, flex-
ible, end-to-end workflow solution for tissue biomarker discovery by
applying miF in lung cancer and melanoma. This newly developed
Phenoptics™ solution provides an integrated MOTIF™ workflow in-
cluding primary antibodies and image analysis algorithms enabling a
more comprehensive and specific TME analysis with minimal user
optimization.

Methods

FFPE samples from human lung cancer and melanoma were stained
using Opal Polaris 7-Color PD1/PD-L1 Lung Cancer and Melanoma
Panel Kits. Staining was performed on the Leica BOND RX™ auto-
mated stainer with the pre-loaded MOTIF protocol. Multispectral
scans were acquired on Vectra Polaris® with pre-optimized acquisi-
tion parameters and analyzed with a pre-configured phenotyping al-
gorithm in inForm®. Spatial analyses and visualizations were
performed in R using phenoptr and phenoptrReports.

Results

This simplified end-to-end solution results in better quantification of
cancer-immune interactions by providing:

o Well-optimized Opal Polaris 7-Color PD1/PD-L1 Lung Cancer
and Melanoma Panel Kits. Along with the pre-loaded Leica
BOND RX automation protocol, we provide a staining workflow
with pre-defined primary antibody concentration, fixed staining
order, and Opal™ dye-antibody pairs, leaving Opal concentra-
tions as a flexible dial. Recommended image acquisition
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parameters on the Vectra Polaris® that significantly simplify
visualization of multiple markers via multispectral isolation. Pre-
configured image analysis algorithms that make quantitative
analysis at a per-cell and per-slide level streamlined and
standardized.

Conclusions

The 7-Color PD1/PD-L1 panel kits utilizing MOTiF whole slide scan-
ning enable visualization of multiple biomarkers at the whole slide
level, revealing distribution patterns and their spatial context across
the entire tissue section. With these new assays, we have demon-
strated an easy-to-use yet comprehensive end-to-end Phenoptics re-
search workflow. We have radically simplified the Opal method and
facilitated the development and optimization of translational multi-
plex fluorescent assays by providing pre-defined staining conditions
while still giving researchers the flexibility to balance signals based
on their tissue samples. Complementary pre-configured phenotyping
provides researchers faster access to quantitative data across study
samples.
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Background

Pick-Seq is a novel workflow uniquely enabled by the RareCyte Cyte-
Finder® Instrument that combines visualization of multiple protein
markers with investigation of gene expression from selected micro-
regions on tissue slides, providing spatial and contextual investiga-
tion of tumors and their microenvironment.

Methods

Frozen breast carcinoma and formalin-fixed, paraffin-embedded ton-
sil sections were stained by multi-parameter immunofluorescence (IF)
for markers of T cells, B cells, and cytokeratin. Slides were imaged
with the CyteFinder® Instrument and 40 pm micro-regions were re-
trieved with the integrated CytePicker® Retrieval Module. RNA was
isolated and whole transcriptome amplified (SMART-seq v4), followed
by Nextera XT library preparation, sequencing on lllumina MiSeq, and
gene expression analysis. Differentially expressed genes were se-
lected to create a Pick-Seg-informed IF staining panel to confirm
RNA expression results. Cell compositions of each micro-region were
deconvolved with CIBERSORT.

Results

Tonsil micro-regions from one T cell zone and two adjacent follicles
were retrieved for RNA sequencing. Transcriptomic analysis con-
firmed increased expression of B cell markers in follicles and T cell
markers in the T cell zone. CIBERSORT analysis revealed distinct cellu-
lar compositions between T cell zones and the B cell follicles.
Principle component analysis of gene expression found that micro-
regions retrieved from the two follicles clustered independently from
each other, and from the T cell zone micro-regions. Differential ex-
pression analysis between the adjacent follicles revealed distinct pat-
terns of CD21 expression, a marker which was not present in the
original IF staining panel. Subsequent staining confirmed differential
protein expression of CD21, indicating that only one follicle con-
tained a germinal center. In breast carcinoma, ROl were identified for
micro-region retrieval that included tumor cells, tumor cells with
interspersed tumor infiltrating lymphocytes (TIL), or adjacent
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lymphoid aggregates. Micro-regions were picked and sequenced.
Hierarchical clustering and differential expression analysis differ-
entiated the three micro-region types and revealed tumor- and T
cell-specific expression signatures. CIBERSORT demonstrated the
presence of T cell-associated transcriptomic profiles in lymphoid
aggregates and in TIL-containing micro-regions that were propor-
tional to the number of T cells retrieved. Aligned RNA-seq reads
were further analyzed via TraCeR to identify TCR a and {3 chain
sequences from retrieved TILs.

Conclusions

These data establish the potential of combining multi-parameter IF
microscopy with highly focused RNA sequencing as a powerful tool
for investigation and biomarker discovery for immuno-oncology.
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Background

Lung cancer is the most common cause of cancer-related deaths
worldwide with non-small cell lung cancer (NSCLC) representing the
gross majority of the cases. The immune microenvironment of NSCLC
is diverse with many players that can impact tumor development
and clinical outcomes. In particular, myeloid-derived suppressor cells
(MDSC) are important components of the immunosuppressive net-
work that can hinder the activity of T cells, natural killer cells, and
dendritic cells. MDSC in the blood may represent prognostic markers
for NSCLC patients and for monitoring a patient’s response to im-
munotherapies. There is a gap in the relevance of MDSC within the
tissue context due to limitations with conventional immunohisto-
chemistry. Multiplex immunofluorescence offers a technical advan-
tage by allowing the detection of co-expression and spatial
organization of multiple targets within a preserved tissue architecture
on a single slide.

Methods

We have developed the multiplex immunofluorescence
Histoprofile-MDSC panel to identify monocytic MDSC (M-MDSC)
and polymorphonuclear MDSC (PMN-MDSC) in situ. Five human
NSCLC tissue samples were investigated by multiplex immunofluor-
escence and H&E staining. After multispectral acquisition, the MDSC
populations were evaluated with the imaging software HALO.
Paired peripheral blood was analyzed for circulating M-MDSC by
flow cytometry.

Results

The development and verification of the multiplex panel are pre-
sented. The NSCLC subtype of the samples was determined by a
pathologist from the H&E sections. Monocytes, neutrophils, M-MDSC,
and PMN-MDSC were evaluated in the five tissue samples. The neu-
trophils, monocytes, and M-MDSC in the peripheral blood could be
assessed by flow cytometry. A varying distribution of the cell popula-
tions in the lung tissue and the peripheral blood of the different
NSCLC subtypes can be appreciated. The two approaches are
compared.

Conclusions

We present an in-depth combined approach for MDSC investigation
in lung tissue and the peripheral blood of NSCLC patients. The ap-
proaches presented here demonstrate the power of multiplex immu-
nohistochemistry and flow cytometry in the identification and
quantification of multiple immune cell populations with a limited
quantity of patient sample and the potential application of this
method in both preclinical and clinical studies.
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Background

Gliomas are the most common primary central nervous system tumor,
with malignant gliomas causing significant morbidity and mortality.
Thirty percent of a glioma’s cellular mass may be attributed to immuno-
suppressive and pro-tumoral tumor-associated myeloid cells (TAMCs),
primarily myeloid-derived suppressor cells (MDSCs) and tumor-
associated macrophages (TAMs) [1-4]. Multiple preclinical studies and
clinical trials have attempted to target these cells; however, monitoring
responses to these therapies remains a challenge. Quantifying TAMCs
within gliomas using an antibody-based tracer for non-invasive posi-
tron emission tomography (immunoPET) may allow for better patient
stratification, monitoring of treatment efficacy, and ultimately improve
survival rates [5-9]. Integrin CD11b is a cellular marker expressed on the
surface of TAMCs frequently used to identify macrophages and micro-
glia. We therefore hypothesized that radiolabeled anti-CD11b antibody
(Ab) could be used for immunoPET imaging of TAMCs in a preclinical
orthotopic syngeneic glioma model.

Methods

The human/mouse cross-reactive anti-CD11b Ab (clone M1/70) was
conjugated with p-NCS-Bz-DFO chelator and radiolabeled with 89Zr
for PET imaging with specific activity of 2 pCi/pg. PET/CT imaging,
with or without a blocking dose of anti-CD11b Ab, was performed in
mice bearing established orthotopic syngeneic GL261 gliomas. Flow
cytometry and histology in tissues collected from post-imaging bio-
distribution validated targeting of CD11b+ TAMCs.

Results

Standard uptake values (SUV) indicated significant 89Zr-anti-CD11b
Ab uptake in the tumor ipsilateral right brain (SUVmean = 2.6 + 0.24)
compared to contralateral left brain (SUVmean = 0.6 + 0.11). Blocking
with 10-fold lower specific activity 89Zr-anti-CD11b Ab reduced the
SUV in right brain with (SUVmean = 0.11 + 0.06). Spleen and lymph
nodes also showed high uptake, while bone and muscle showed low
uptake. Biodistribution analysis confirmed these results. Additionally,
no uptake was observed in the brain of non-tumor bearing mice that
received 89Zr-ant- CD11b. Flow cytometry with QuantiBRITE Fluores-
cence Quantitation Kit demonstrated that the majority of tumor-
infiltrating immune cells expressed CD11b at an average of 54,076
CD11b molecules per cell in GL261.

Conclusions

Imaging TAMCs with 89Zr-labeled anti-CD11b Ab may be feasibility
for preclinical studies, patient stratification, and monitoring of
immunotherapy.
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Background

Cancer immunotherapies have made a great progress and hold much
promise in the treatment of cancer. Specifically, in the case of B-cell
malignancies (such as Acute Lymphoblastic Leukemia, or ALL), CAR
(chimeric antigen receptor) and TCR (T-cell receptor) therapies have
demonstrated encouraging clinical results. As we begin to target solid
tumors with TCR and CAR T-cells, the hurdle of being able to select a
suitable target and achieve successful cellular delivery/homing to the
site of disease remains. With this in mind, being able to visualize a rap-
idly dividing cellular population is another obstacle to consider.
Methods

Here we demonstrate the application of two clinically applicable per-
fluorocarbon (PFC) tracers, one commercially available and a next-
generation magnetic resonance imaging (MRI) probe called FETRIS.
Both of these agents enable the migration and persistence of cellular
therapies to be noninvasively imaged by 19F MRI, while the FETRIS
reagent adds additional detection sensitivity.

Results

Using a general T-cell expansion protocol, we show that adding a cellular
label does not alter the viability or release characteristics of T cells. By
pairing the PFC signal with conventional proton MRI from the same im-
aging session, the images are able to be overlaid, allowing cells to be
traced to their anatomical location. With nominal exogenous fluorine nat-
urally present in tissue, labeled cells appear with little background.
Conclusions

Images of both reagents show the detection and sensitivity of the
method and how they can be applied to monitor the distribution of
cells over time.
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Background

Given the heterogeneity of tumors and the variety of potential bio-
markers in immune oncology, there is a need for quantitative standard-
ized assays to reliably assess the immune status of a patient’s tumor to
be able to extract the true biological information across cohorts. Here,
two different tissue-based approaches have been compared: multiplex
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immunofluorescence (mIF) and multiplex chromogenic immunohisto-
chemistry (mIHC). Independently of the technique used, assay reproduci-
bility and standardized quantification of staining intensity are a
prerequisite for obtaining consistent results. Using a cohort of non-small
cell lung carcinoma (NSCLC) patients, we identified patterns of immune
cell infiltration that were comparable, independent of the assay applied.
Methods

Formalin-fixed paraffin-embedded (FFPE) true consecutive slides from 7
NSCLC resections were stained with a multiplex chromogenic panel (in-
cluding CD3, PD-L1, CD68, CD8, PD-1) at Mosaic Laboratories [1] and with
the UltiMapper kits (/0 PD-L1 and I/O PD-1) from Ultivue. mIHC scans
were acquired with an Aperio AT Turbo scanner (Leica), while mIF scans
were acquired with a Zeiss Axio Scan.Z1 scanner (Zeiss) both as whole
slide images. mIHC and mlF images were co-registered, and Definiens
custom algorithms for digital image analysis were applied [2,3].

Results

Densities of immune cell populations and their locations in different com-
partments (invasive margin vs tumor center and tumor epithelium vs
tumor stroma) were measured (Figure 1). For instance, CD3 cell density
had a Pearson correlation of 0,91 and a Spearman correlation of 0,89 be-
tween both assays (mIHC vs mIF). Differentiation between tumor epithe-
lium and tumor stroma was based on a histology-driven deep learning
approach for mIHC and on pan Cytokeratin for miIF (Figure 1).
Conclusions

By applying mIHC and mlF in true consecutive tissue slides we re-
trieved the information of tumor immune cell infiltrates that was
consistent across the different assays and distinguished it from infor-
mation that is specific to either of the assays. We believe that being
able to relate across staining techniques could help pathologists and
research centers draw conclusions across cohorts that were stained
with the same markers but with different assays.
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Background

Deficiency in the mismatch repair (dIMMR) can result from
inherited mechanisms (Lynch Syndrome (LS)) or from somatic
inactivation caused by hypermethylation of the MLH1 gene
promoter (MLH1 methylated). A third subtype of dMMR colo-
rectal cancer (CRC) and endometrial cancer (EC) have neither
LS nor MLH1 promoter methylation and are referred to as sus-
pected Lynch syndrome (SLS). There remains a knowledge gap
as to whether the tumour microenvironment (TiME) is different
between LS, MLH1-methylated and SLS dMMR CRC and EC. The
aim of this study was to characterise and identify immune pat-
terns within the TiME that may enhance the current clinical
triaging of LS, SLS and MLH1-methylated subtypes of dMMR
CRC and EC.

Methods

Ten FFPE samples from seven individuals were studied: CRC (N=5;
1xLS, 2xMLH1 methylated, 1xSLS and 1x proficient MMR (pMMR))
and EC (N=2; 1xLS and 1xpMMR) and where available adjacent nor-
mal tissue (N=5: 3xcolon and 2xendometrium) were characterized
using the Ultivue UltiMapper I/O portfolio (InSituPlex) on a Leica
Bond autostainer and digitally acquired using the Zeiss Axio Scan Z1.
We evaluated CD3, CD8, CD11¢, CD20, CD45R0O, CD68, CD163, Gran-
zyme B, Ki-67, MHC II, PD-1, PD-L1, and pan-cytokeratin. Tissue phe-
nomic approaches were developed to spatially characterize, quantify
immune cell patterns and visualize heterogeneity within the TiME
(Figure 1).

Results

InSituPlex  technology enabled the visualization of the
heterogenous infiltration and co-localization patterns across LS
dMMR CRC (Figures 2&3). Tissue phenomic approaches demon-
strated the following; within the SLS category the colon cancer
had higher mean areas of intraepithelial (IE) PD-L1 (6% vs. 2%),
CD8 (18% vs. 8%) and CD68 (28% vs. 12%) compared to the
pPMMR EC. The MLH1 methylated tumour with a high tumour mu-
tation burden (33.84 mutations/MB) had a higher mean area of IE
PD-L1 (8% vs. 2%) and CD8 (30% vs. 5%) while the tumour with
low TMB had a higher mean area of IE CD68 (15% vs. 8%).
Within LS, the EC had a higher mean area of IE PD-L1 compared
to the CRC (14% vs. 0%), in contrast the CRC had a higher IE
CD8 area (27% vs. 10%) (Figures 4&5).

Conclusions

This study evaluated the immune contexture within inherited
and sporadic subtypes of dMMR CRCs and ECs, highlighting dif-
fering immune infiltration patterns and phenomic densities. In-
tegration of multiplex technologies and Tissue Phenomics can
enhance the understanding of the dMMR TiME and with poten-
tial utility in clinical triaging and to inform immune-oncology
clinical trials.
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Background

Multiplexed lon Beam Imaging (MIBI) is a novel imaging modal-
ity capable of resolving >40 parameters simultaneously in bio-
logical samples. Here, we developed viralMIBI, a highly
sensitive method capable of detecting down to single copies
of nucleic acids, in addition to protein epitopes. ViralMIBI en-
ables the functional dissection of the immune landscape in
viral driven diseases, such as that of tumor viruses (HBV, EBV,
LCV) and others (HIV, SIV, Zika, Ebola). The combination of vir-
alMIBI and cutting-edge cell neighborhood analytical methods
will be paramount to better understand the immunological
host-pathogen interactions for viral diseases, revealing insights
into virus-induced immunodeficiency as well as virus-driven
cancers.

Methods

To allow for the sensitive detection of nucleic acids, we took
advantage of a customized branched DNA amplification
method that can be easily adapted to a variety of multiplexed
imaging platforms. Formalin-Fixed and Paraffin-Embedded
(FFPE) tissue samples from Rhesus macaque animal models for
a number of viral diseases were processed for viralMIBI nucleic
acid and protein marker detection. Imaging was performed
with the MIBlscope, a secondary ion mass spectrometry based
device.

Results

We have established a robust method for highly multiplexed nucleic
acid and protein epitope detection in FFPE tissue samples. As a proof
of concept, we were able to detect down to single integrated copies
of SIV. The establishment and validation of a Rhesus macaque spe-
cific antibody panel allowed for the in-depth characterization of cel-
lular identities at the single-cell level, while maintaining their tissue
geopositions.

Conclusions

ViralMIBI enables the MIBI to achieve highly sensitive nucleic
acid detection, in addition to its multiplexed protein capabil-
ities. Here, we leveage this method for the detection of various
viral pathogens. ViralMIBI is also applicable to other targets,
such as genomic amplifications frequently seen in cancers, or
gene expression studies. The ability to image >40 parameters
in tissue samples will vital for a better understanding of im-
mune regulation of diseases, such as the establishment of viral
related cancers as well as latent tissue reservoirs of pathogens.
These discoveries can then be translated to better immuno-
therapy treatments against viral driven diseases.
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Background

Ovarian granulosa cell tumors (GCTs) are rare tumor accounting for
2-5% of all ovarian cancers. The main current treatment for GCT is
surgery, however a subset require chemotherapy for residual and re-
current disease. GCT malignancies are often low-grade, however a
clinical characteristic of these tumors is a tendency for late recur-
rence which is the most critical factor for GCT death. As the onset of
recurrence is unpredictable, future research should focus on identify-
ing both biomarkers for prognosis prediction, as well as targets that
could help guide clinical trials in the development of targeted ther-
apies for this rare indication. As GCTs are rare tumors making tissue
availability very limited, we used a dual multiplexing approach in
order to maximize the data output from a total of 14 FFPE tumor
samples (6 primary tumors, and 8 recurrent tumors).

Methods

For protein multiplexing we have used MultiOmyx™, an immunofluores-
cence (IF) multiplexing assay utilizing a pair of directly conjugated Cya-
nine dye-labeled (Cy3, Cy5) antibodies per round of staining (Figure 1).
Each round of staining is imaged and followed by dye inactivation en-
abling repeated rounds of staining and deactivation, while deep learn-
ing based cell classification algorithms identify positive cells for each
biomarker. We generated a 15-marker panel consisting of CD3, CD4,
CD8, FoxP3, CD68, CD163, HLA-DR, CD34, CTLA-4, PD-1, PD-L1, Ki67,
vimentin, S100, and Pan Cytokeratin. For the gene expression analysis
RNA was extracted from the adjacent 10 pm section and then analyzed
using the Nanostring nCounter assay, specifically the 770 gene PanCan-
cer Immune Panel. Hybridization, purification and immobilization and
counts were based on manufacturer’s protocol.

Results

On protein level we confirmed previous findings that ovarian GCTs
are so-called “cold” tumors, with a very low density of T cell infiltra-
tion. When we analyzed the presence of macrophages in the tumor
microenvironment however, we found a 113% increase in TAM dens-
ity in recurrent tumors compared to primary tumors. When searching
for markers differentially expressed between primary and recurrent
tumors we detected 4 genes in our PanCancer immune panel that
were either significantly down-regulated (CCND3 or TOLLIP), or up-
regulated (MAP3K and TNFSF4) in recurrent tumors. TNFSF4 encodes
the protein OX40L, and interestingly a high expression of its receptor
OX40 has previously been shown to be indicative for response to
chemotherapy in recurrent ovarian cancer [1].

Conclusions

We have used a dual multiplexing approach on both gene and pro-
tein level in order to immunoprofile the tumor microenvironment of
ovarian rare granulosa tumors.
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Fig. 1 (abstract P42). Immunofluorescent overlay image of GCT
recurrent tumor
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Background

Analyzing populations at the single cell level has become increas-
ingly important in the study of cancer and autoimmune disorders
due to high levels of population heterogeneity and rare cell phe-
notypes that can drive disease pathogenesis and progression.
Until recently, characterizing protein markers on single cells was
limited to a handful of markers due to the technical and logis-
tical challenges of flow cytometry platforms. New advancements
in single cell analysis technologies have enabled researchers to
study more than 30 parameters per cell. But these platforms are
expensive and require significant panel design, thereby limiting
access and usability. Here we demonstrate the use of the recently
launched CODEX System to generate an in-depth immune profile
of human PBMC samples.

Methods

The CODEX® System is an affordable, benchtop instrument that
integrates with existing fluorescence microscopes and enables
highly multiplexed imaging of over 40 markers in fresh frozen
and FFPE tissue samples. The CODEX technology uses a DNA-
based barcode library to label antibodies and iterative cycles of
adding and removing cognate dye-labeled oligonucleotides to
reveal the staining of three markers per cycle. Data acquisition
is fully automated by the CODEX instrument. We tested a
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custom panel of more than 25 markers on the PBMC samples
and acquired the images using a Keyence benchtop microscope.
Results

The CODEX system was used to generate highly multiplexed im-
mune profiles of human PBMC samples using an optimized cus-
tom panel of CODEX antibodies. The images were processed
using the CODEX Software Suite and cell phenotypes were clus-
tered and annotated using the Multiplexed Analysis Viewer
(MAV). Antibody specificity and panel performance were evalu-
ated by assessing co-expression and mutually exclusive expres-
sion of relevant immune markers with the CODEX analysis
pipeline.

Conclusions

Simultaneous analysis of tens of markers in blood or plasma sam-
ples can have several applications in the discovery of cellular bio-
markers, immune monitoring and drug discovery and
development. This preliminary study shows the compatibility of
the CODEX system with cell suspensions for highly multiplexed,
single-cell analysis and offers a more cost-effective method for
immune profiling of blood samples.
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Background

Hepatocellular carcinoma (HCC) is a lethal cancer, being the
fourth leading cause of cancer-associated mortality worldwide
due to its low five-year survival and high reoccurrence rates [1],
and identifying indicators of prognosis is key in developing novel
treatments and improving survival of HCC patients. With the ad-
vent of digital pathology, the immune-architecture of solid tu-
mours has become a central interest of cancer research and has
been studied for the development of predictive and diagnostic
applications. Here, we have assessed if intercellular Euclidean dis-
tances in the tumour immune microenvironment can possibly be
used to predict patient prognosis.

Methods

In this study, biopsies were taken from 110 HCC patients who
underwent surgical resection. The solar-IHC pipeline involves ar-
ranging the liver biopsies into tissue arrays and subsequently
studying them using automated multiplex immunohistochemistry/
immunofluorescence (mIHC/IF) protocol developed in Singapore
General Hospital, with biomarkers Ecadherin, CD3, CD8, CD103
and PD1 [2], followed by image analysis software inForm version
2.4.2.

Results

Ecadherin was adopted as the tumour cell marker, and 26 im-
mune cell phenotypes are defined by variable levels of immune
markers CD8, CD103, and PD-1 (as shown in Table 1) Dimension-
ality reduction and unsupervised clustering of the distances
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between tumour and immune cell phenotypes showed distinct
clusters of patients with significant differences in clinical out-
comes. Long cell-cell distances between immune cell phenotypes
and tumor cells was associated with an improved overall survival
(p-value = 0.02) and disease-free survival (p-value = 0.01), while
the opposite was true for short cell-cell distances between im-
mune cell phenotypes and tumor cells. This was observed in the
analysis of all CD8+, CD8-, CD103+, CD103-, PD1+ and PD1- cells,
possibly due to the suppressive immunomodulatory effect Ecad-
herin+ tumour cells has on neighbouring immune cells [3]. Fur-
thermore, machine learning enabled the prediction of clusters
with considerable accuracy, with a K-fold cross-validation of 91%.
This indicates a strong association of cell-cell distances with pa-
tient survival, and a robust reproducibility of distance pattern-
based predictors.

Conclusions

In this study, our data suggests that the analysis of intercellular
distances has the potential to be used as a prognostic indicator
in HCC. Coupled with next generation machine learning tech-
niques, this novel approach to cell-to-cell distance analysis has
the potential to be an easily implementable algorithm to predict
patient prognosis in HCC. This bioinformatics approach can also
be utilized in the analysis of other biomarkers and cancer types,
and this brings exciting prospects for the future of cancer
research.
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Background

The immune cell milieu that comprises the tumor microenviron-
ment (TME) is highly heterogeneous and complex. Depending
on biological interactions and functional state, immune cell
populations can either promote or suppress tumor progression.
CD8+ T cells, for example, are the primary mediators of anti-
tumor immunity; however, they are often ineffective either be-
cause they are unable to infiltrate the tumor or because they
become functionally exhausted [1,2], Pathologically activated
myeloid-derived suppressor cells (MDSCs) which infiltrate the
tumor are also associated with tumor progression [3,4]. Multiple
biomarkers are required to accurately identify these individual
immune cell types and their functional states. In this work, we
employ advanced multiplexing techniques to observe biologic-
ally and functionally distinct T cell and MDSC populations and
to quantify their density and distribution within the TME of sev-
eral tumor types.

Methods

UltiMapper assays were used to perform multiplex immunofluor-
escence on multiple tumor FFPE samples (lung, colorectal, breast).
Three multilpex panels were run in this study: UltiMapper PD-1
[CD3, CD45R0, PD-1, CK/Sox1], UltiMapper T-reg[CD4, CD8, FoxP3,
CK, Sox10], and UltiMapper MDSC[CD11b, CD14, CD15, HLA-
DR].FFPE slides were stained using the BOND RX autostainer from
Leica Biosystems and scanned on the CyteFinder® Il HT Instru-
ment from RareCyte, Inc. This instrument performs high-speed,
whole-slide scanning in the 5 channels used in the UltiMapper
Kits and outputs an open source, stitched, pyramidal TIFF. Image
analysis was conducted using HALO 3.0 software to perform cell
phenotyping, proximity analysis, image registration, and density
mapping.

Results

Cell counts for relevant phenotypes were obtained for each panel to
identify exhausted T cells, T-regs, cytotoxic T cells, M-MDSCs, and
PMN-MDSCs. Spatial analysis was employed to map the degree of T-
cell infiltration and exhaustion correlating to T-reg and MDSC expres-
sion in the tumor microenvironment.

Conclusions

Here we present a workflow for tackling the complexity of the
tumor immune microenvironment by leveraging high-quality
multiplex panels, high-speed whole-slide imaging, and quanti-
tative spatial analysis. UltiMapper assays used in this study
(PD-1, T-reg, and MDSC) were able to identify single-cell phe-
notypes through co-localization and negative selection of
markers. Using HALO image analysis, cell populations were
enumerated and quantified to measure the level of T-cell ex-
haustion caused by T-cell regulation and myeloid-derived im-
mune cell suppression.
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Background

Innovative and efficient translational research tools enabling a better
understanding of the tumor and its microenvironment are a keystone
of the development of digital pathology. Current immunohistochem-
istry (IHC) methods limit the depth of information from a single tis-
sue sample to a single target in the case of chromogenic staining, or
to sample morphology and general cell identification in the case of
hematoxylin and eosin staining (H&E). True phenotyping requires the
use of a single section, as serial sections may not contain the same
cells, especially small immune cells such as T-cells. Multiplex im-
munofluorescence (mIF) methods have been established to provide
insights into a wide number of markers of interest and their spatial
context in a single sample. Here, we demonstrate a new research ap-
proach combining multiplexed detection of protein markers with
standard H&E pathology review in tumor samples, in a streamlined,
single-day sample-to-answer workflow.

Methods

InSituPlex technology was used to perform multiplex immunofluores-
cence staining of formalin-fixed, paraffin-embedded (FFPE) samples
from human tonsil and primary tumor biopsies on the Leica Biosys-
tems BOND RX autostainer. The tissues were then imaged in five dis-
tinct fluorescent channels (DAPI, FITC, TRITC, Cy5, Cy7) before being
stained using standard H&E protocols and imaged again. Fluorescent
and brightfield whole-slide images were acquired on a ZEISS AxioS-
can.Z1 slide scanner. Images of the same tissue section were co-
registered and fused into a single image for analysis using Indica
Labs HALO software.

Results

The InSituPlex technology enables deep phenotyping of immune
cells through colocalization and co-expression of multiple protein
markers in tumor samples. Phenotypic information was then overlaid
with the H&E image of the same section to facilitate identification
and immuno-profiling of specific cells in the tumor and its environ-
ment. The fused images were also analyzed to provide cell counts,
distance mapping, and expression levels of each of the markers.
Conclusions

In this work, we present a new modality for pathology research with
a convenient workflow that enables fast tissue review and deep
immuno-profiling and phenotyping of the tumor via fusion of H&E
and mIHC staining of the same tissue section.
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Background

The rapid growth of research into immuno-oncology research has
fueled a need to track be able to determine the location of a variety
of immune cells systemically and in solid tumors. However, existing
methods for cell tracking that have generally been insufficient. Mag-
netic Particle Imaging (MPI) is a novel tomographic molecular im-
aging technique that can be used to non-invasively track iron-oxide
tagged immune cells in 3D in vivo, with contrast similar to nuclear
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medicine but without the complex workflow, safety, and half-life limi-
tations. In this study, we compared the behavior of monocytes
loaded with nanoparticles in vitro and nanoparticles injected intra-
venously and subsequently taken up by phagocytic cells (in situ load-
ing) and imaged using MPI the differences in biodistribution and
migration of monocytes in in naive and tumor-bearing and naive
(control) mice.

Methods

Twenty mice were implanted with 300,000 4T1 tumour cells in the
4th mammary fat pad. CD11b+ mouse monocytes were harvested
using EasySep® Mouse CD11b positive selection kit Il (StemCell Tech-
nologies). The isolated monocytes were prelabeled with Vivotrax®
(100 pg/mL). On day 7 post-implantation, either 5 million prelabeled
cells or free Vivotrax (6 mg/kg) were intravenously injected into nor-
mal or tumor-bearing mice for in vitro or in situ targeting experi-
ments (N=5 mice for all four groups). 3D MPI images using a
MOMENTUM MPI system (Magnetic Insight) were acquired 1, 4, 7
and 10 days after injection. MicroCT images (CT120, Trifoil Imaging)
were acquired and co-registered using VivoQuant (Invicro). Tumors,
liver, spleen and draining lymph nodes were then harvested, imaged,
fixed, and stained with Prussian blue and analyzed for iron contents.
Results

Tumor-bearing mice showed a significant accumulation of nanoparti-
cles for both the in situ and in vitro targeting methods, although the
time and amount of accumulation was different. For both experi-
ments, nanoparticles were predominately detected in the expanding
margins of the tumor. For the in vitro labeled monocytes, accumula-
tion was rapid, with the maximum accumulation being at 24 hours
post-injection, while for the in situ labeled cells, accumulation was
slower.

Conclusions

By combining the sensitivity, specificity as well as accurate quantita-
tion potentials of MPI, information can be obtained on labeled
monocytes and their biodistribution in tumour models. Other cells
can also be labeled (dendritic cells, MDSCs, NKs, and T cells) and this
information can be utilized to better understand the factors influen-
cing immune cell migration in and around tumors.
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Background

Cancer immunotherapy is now the “fifth pillar” of cancer thera-
peutics [1]. Although hugely successful, there are limitations. In
many studies, less than half the patients are responsive to ther-
apy. One hypothesis is that refractory tumours are immunologic-
ally ‘cold’ - i.e., there are insufficient immune cells in the tumour
for the therapy to be efficacious [2]. Thus, methods to stimulate
an immunogenic response in solid tumours to improve immuno-
therapy efficacy are desirable.

Hyperthermia is known to induce a local immunogenic response,
making it a potential adjunct to radiation and immune therapies.
One hyperthermia method is Magnetic Fluid Hyperthermia (MFH),
which is based on electromagnetic heating of magnetic nanoparti-
cles (MNPs) [3,4]. , However, poor control of heating localization and
magnitude have prevented MFH's widespread clinical adoption.
Magnetic Particle Imaging (MPI) is an emerging tracer imaging tech-
nigue that directly detects and quantitates superparamagnetic iron-
oxide nanoparticles with exceptional contrast and high sensitivity at
millimeter-scale resolutions [5]. MPI's contrast is similar to nuclear
medicine, but without the complex workflow, safety, and half-life lim-
itations of a radioactive tracer.
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Methods

Here we describe how MPI and MFH can be combined to pro-
duce spatially localized heating and accurate control of heating
magnitude. Spatial localization is achieved using a unique
mechanism, magnetic localization. Localization is effected by
using a strong magnetic field gradient to produce a “field-free
region” (FFR) where nanoparticles are heated, while nanoparti-
cles outside the FFR are quenched and do not heat. The use of
an FFR thus enables millimeter-scale control over which MNPs
are heated [6-8].

Results

MPI is first used to quantitate the MNPs prior to heating, to enable
treatment planning and prediction of the heating dose. MFH can
then be induced in target regions of interest located anywhere in
the body while avoiding regions containing MNPs that should not be
heated, such as the liver or lymph nodes.

Conclusions

Combined MPI-MFH enables new treatment workflows that ex-
ploit spatially localized MFH and accurate control of heating
magnitude. These workflows may resemble image-guided radi-
ation therapy or image-guided high-intensity focused ultra-
sound. Combined MPI-MFH also prevents damage to nearby
healthy tissue while enabling new applications such as targeted
immunogenic stimulation. MPI-MFH also enables new heat-
actuation applications involving systemic injection of MNPs
followed by local targeting such as local release of a drug [9]
(break thermally labile bonds/nanocarriers) without requiring ac-
tive chemical targeting. While currently only available for small
animal use, its underlying physics does not prevent its transla-
tion to human sizes
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Background

The inflammatory bowel diseases ulcerative colitis (UC) and
Crohn’s disease (CD) are chronic, relapsing inflammatory disorders
of the gastrointestinal tract (GIT) that affect millions of individuals
worldwide [1]. The pathogenesis of these disorders is thought to
involve dysregulation of mucosal immune homeostasis in the GIT
in response to environmental factors in genetically susceptible in-
dividuals [2]. Regulatory T cells (Treg) are CD4+ T lymphocytes
that play a central role in peripheral immune tolerance, actively
inhibiting inflammation upon antigenic stimulation. There are two
major populations of Treg: conventional Treg and TR1 cells [3].
Conventional Treg arise from the thymus (tTreg) or can be in-
duced in the periphery (pTreg); both tTreg and pTreg constitu-
tively express FoxP3 and CD25 (IL-2Ra). An imbalance in
conventional Treg and effector T cells in the GIT microenviron-
ment is thought to play a part in the pathogenesis of inflamma-
tory bowel disease (IBD) [4]. Thus, we sought to quantify
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conventional Treg and CTL populations in GIT tissue sections

from [IBD patients versus normal individuals by multiplex
immunofluorescence.
Methods

Conventional Treg are typically defined as lymphocytes with a CD3+/
CD4+/CD25+/FoxP3+ immuno-phenotype. This complex antigenic
signature has made it difficult to definitively label Treg populations
in tissue sections by immunohistochemistry. We combined a 5-plex
(CD3, CD4, CD8a, CD25, FoxP3) immunofluorescence assay using Ulti-
vue InSituPlex® multiplex technology with image analysis using
Indica Labs HaloTM software to identify, localize and enumerate: 1)
total CD3+ T cells, 2) CD8a+ cytotoxic T lymphocytes (CTL) and 3)
CD3+/CD4+/CD25+/FoxP3+ conventional Treg in formalin-fixed
paraffin-embedded (FFPE) sections of GIT from patients with UC and
CD versus controls. Using this approach, we were able to definitively
identify and enumerate these immune cell populations on single
FFPE tissue sections from each specimen.

Results

We found greater Treg and CTL cell densities (cells/mm2) in colon
from CD and UC patients versus controls and higher densities of Treg
and lower densities of CTL in small intestine from patients with CD
versus controls.

Conclusions

The Ultivue InSituPlex© assay was capable of discretely localizing
conventional Tregs and CTL in human tissues. This multiplex platform
could be used to simultaneously localize Tregs and CTL in FFPE surgi-
cal resections and biopsies of neoplastic tissue as well.
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Background

The tumor microenvironment plays a vital role in cancer development.
Multiplex immunostainings allow studying the interaction of different cell
types in the tumor microenvironment using a single tissue slide. Though
several techniques are available to perform high-plex stainings, they re-
quire intensive manual handling, are highly time consuming or not com-
patible with tissue sections on standard microscope slides. Here we
present a fully automated microscope integrated method for rapid high-
plex sequential fluorescent immunostaining and imaging of tissue
sections.
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Methods

Formalin-fixed, paraffin-embedded tissue sections underwent manual dewax-
ing and antigen retrieval step. All subsequent steps of staining, antibody elu-
tion and imaging were automated on the microscope integrated
microfluidic device. A single tissue section was stained sequentially for 24 dif-
ferent immunophenotyping and tissue structural markers. Each staining cycle
consisted of incubation of the tissue section with a pair of mouse and rabbit
primary antibodies, followed by the corresponding fluorescently labelled sec-
ondary antibodies and DAPI. The section was imaged after each staining
cycle and subsequently eluted before staining the next pair of markers.
Results

Our microscope integrated microfluidic system allowed automated 24-plex
staining with conventional primary and fluorescently labelled secondary
antibodies in less than five hours, including image acquisition steps. The
microfluidic tissue processor enabled fast fluidic exchange and thereby re-
sulted in reduced staining time down to 10-12min per marker. Integration
of a window into the microfluidic chip allowed direct tissue imaging under
the microscope avoiding the removal and mounting of the slide. Protocol
optimization resulted in a high signal to background noise ratio for each
marker and complete elution of antibodies from the previous staining step.
A comparison of a 10-plex staining with standard chromogenic stainings
on sequential sections showed high concordance for the stained area on
tonsil as well as lung cancer tissue sections (Figure 1).

Conclusions

With the microscope integrated microfluidic system, it is possible to
perform fast multiplex stainings including image acquisition without
the need to handle the tissue slide. Moreover, due to the sequential na-
ture of the system it would be easily possible to further increase the
number of markers in the multiplex staining. We foresee this technique
to greatly facilitates the execution of high-plex stainings and thereby
the discovery of novel tumor-microenvironment interactions.
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Fig. 1 (abstract P50). Automated microfluidics-assisted multiplexing
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Background

Elucidating both the cell types present in the tumor microenvir-
onment and the spatial relationship between immune and
cancerous cells is at the forefront of immunotherapy research.
To address this, MIBI has been developed to image up to 40
markers at single cell resolution.

Methods

Staining of 10 NSCLC formalin-fixed paraffin embedded (FFPE)
tissue sections was performed similarly to traditional IHC ex-
cept that a panel of 20 metal labeled antibodies were stained
simultaneously. The tissue was imaged at subcellular resolution
using an ion beam and time-of-flight secondary ion mass spec-
trometry (ToF-SIMS). The masses of detected species were then
assigned to target biomolecules given the unique label of each
antibody and multi-step processing and segmentation were
performed to create images of the TME and enable quantitative
metrics of different cell subsets.

Results

Control samples imaged at study start and end showed con-
sistent marker quantification (inter-run R2>0.99), indicating
MIBI staining and acquisition is reproducible and robust. Each
tumor sample was imaged across 10 regions of interest (ROIls)
to assess heterogeneity of the TME. Highly expressed nuclear,
membrane, and cytoplasmic markers were utilized in conjunc-
tion to accurately determine cell boundaries in tissue images.
The resulting single cell segmentation enabled quantitative
analyses of both marker expression and the spatial relation-
ships between cells of different types. At the highest level,
cells were classified as positive for markers that are indicative
of immune and tumor cells based on measured intensities of
marker expression, such as CD45+ and keratin+ cells in epi-
thelial cancers, respectively. Co-expression of markers were
used to classify immune cells into subsets, including T cells
and macrophages (Figure 1). Cell types and their frequency
were compared within the 10 ROIs collected per sample as
well as between samples. Finally, distances between tumor
and the closest immune cell were measured as a means for
describing the spatial organization of the TME, which has
been linked to patient survival.

Conclusions

MIBI offers high-parameter capability, at sensitivity and reso-
lution uniquely suited to understanding the complex tumor im-
mune landscape, including the spatial relationship of immune
and tumor cells and the expression of immunoregulatory
proteins.
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Fig. 1 (abstract P51). Cell segmentation and classification
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Background

ILT3 on human monocytic myeloid cells is linked to immune tol-
erance in transplantation and immune suppression in cancer.
Anti-ILT3 mAb is being developed as a cancer immunotherapy to
reverse the suppression and increase T cell activation. To evaluate
the effect of an anti-ILT3 mAb in vivo, we sought to select an ap-
propriate humanized tumor model and identify immune activa-
tion signatures in the model that are associated with the
treatment efficacy.

Methods

Humanized tumor models were generated by subcutaneously
implanting Panc 08.13 or SK-MEL-5 tumor cells in NSG mice
engrafted with human cord-blood CD34+ hematopoietic stem cells
(hu-NSG). Tumor-bearing mice were treated with a human-mouse
chimeric anti-ILT3 mAb. Single cell mass cytometry (CyTOF) that sim-
ultaneously quantifies over 40 cell surface and intracellular markers
was used to phenotype tumor infiltrating cells (TILs) in these tumor
models.

Results

The CyTOF phenotyping of untreated mice showed an overall im-
mune suppressive environment in the tumor in both Panc 08.13 and
SK-MEL-5 hu-NSG models. ILT3 expression was detected in both
models. However, the levels of ILT3 expression on CD14+ myeloid
cells and percentage of CD14+ myeloid cells among TILs were higher
in SK-MEL-5 compared to Panc 08.13 tumors, which led to the selec-
tion of the SK-MEL-5 model for further exploration. Anti-ILT3 mAb
treatment in the SK-MEL-5 hu-NSG model increased activation of
CD14+ myeloid sub-populations in TILs by viSNE CyTOF clustering
analysis. Furthermore, the treatment increased levels of CD69 and
HLA-DR expression on CD4+ T cells, while reducing the percentage
of naive CD4+ T suppressor cells in CD45+ TlLs.
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Conclusions

Anti-ILT3 mAb treatment induced a conversion from intra-
tumoral immune suppression to activation in a SK-MEL-5 hu-
NSG tumor model. CyTOF in anti-ILT3 drug discovery holds
promise to effect a paradigm-shift in our ability to under-
stand MOA and evaluate the impact of therapeutic interven-
tions that can accelerate biomarker discovery and drug
development.

The anti-ILT3 mAb activity in human immune cells in vitro and tumor
efficacy in vivo is presented in a companion poster.
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Background

Immunohistochemistry (IHC) assays play a central role in evaluat-
ing biomarker expression in tissue sections for diagnostic and re-
search applications. Manual scoring of IHC images, which is the
current standard of practice, is based on qualitative criteria and
are known to have several shortcomings in terms of reproduci-
bility and scalability to large scale studies. While digital image
analysis (DIA) based approaches hold significant promise to over-
come these limitations, current DIA methods pose several chal-
lenges that have limited their widespread use in analyzing
clinical samples.

Methods

We introduce a novel DIA metric, the pixelwise H-score (pix H-
score), that quantifies biomarker expression from whole-slide
scanned IHC images. Pix H-score is unique in that it does not rely
on the detection of individual cells or the delineation of subcellu-
lar compartments (e.g. nucleus and cell membrane) which are ne-
cessary for traditional scoring algorithms such as the H-score. All
DIA metrics are calculated using either commercially available
(HALO, Visiopharm) or open-source (QuPath) digital pathology
software packages.

Results

We compute the pix H-score, the ATM score [1] and the trad-
itional H-score [2] from IHC images for several biomarkers includ-
ing PD-L1. Our results show that the pix H-score exhibit tight
concordance to multiple orthogonal measurements such as mRNA
levels and pathologist score, and provide consistently better per-
formance over other DIA metrics.

Conclusions

We anticipate that the new metric introduced here will be
broadly applicable to quantify biomarker expression from a
wide variety of IHC images. Although not shown here, the new
metric can also be applied to immunofluorescence images.
Moreover, these results underscore the benefit of digital image
analysis-based approaches which offer an objective, reprodu-
cible and highly scalable strategy to quantitatively analyze IHC
images.
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Background

In cancer research, advancing our understanding of the under-
lying mechanisms driving disease progression is key to devel-
oping new therapeutic regimens and improving patient
outcomes. Over the past several years, multiplex immunofluor-
escence (mIF) has played a vital role in elucidating novel
immune-tumor interactions and identifying targets of interest
for drug discovery and development.

Emerging studies utilizing mIF have revealed complex cell-to-
cell interactions within the tumor microenvironment (TME),
however, greater interrogation of the biology comprising
these interactions, including cellular composition and
functional status, require higher levels of multiplexing. With
the rapidly increasing number of available multiplexing ap-
proaches, there is an inherent tradeoff between capability
and throughput.

In this study, we demonstrate a streamlined workflow to
develop and optimize a 9-color assay on the Leica BOND RX™
autostainer. This methodology offers an optimal balance be-
tween multiplexing and sample throughput to facilitate research
and support translational studies on whole formalin-fixed
paraffin-embedded (FFPE) tissue.

Methods

For the 9-color assay, Opal™ fluorophores were used on serial
sections of lung cancer FFPE tissue. The panel was designed on
Akoya’s Mantra 2 semi-automated multispectral microscope,
which allows for rapid analysis of staining performance. Once
optimized, multispectral images were acquired on both the
Mantra 2 and Vectra Polaris of the same tissue regions and an-
alyzed to show equivalence between the platforms. Cell counts,
densities, and spatial parameters were generated using Akoya’s
inForm image analysis software and the R script package
phenoptrReports, which produces quick, summarized outputs of
the image analysis data. These same analyses were also used
to evaluate reproducibility of all markers when run in a high-
throughput process.

Results

Dynamic range of measured per cell signals for all markers had
a median of 200:1. Agreement between the Mantra 2 and
Vectra Polaris-based measurements was generally >95% when
comparing cellular expression signals and cell counts based on
cell phenotyping classifiers. Cross talk was undetectable after
spectral unmixing despite significant spectral overlap inherent
in a 9-color assay. Reproducibility across three batches of five
serial sections of lung cancer tissue was generally <10% coeffi-
cient of variation for all markers in the assay, supporting a
high-through process of approximately 20 resection samples per
day.

Conclusions

We have successfully established a standardized process for 9-
color multiplexing that offers a balance between elucidating the
intricate cellular biology driving disease progression and thera-
peutic responsiveness within the TME while simultaneously
providing a practical and reliable assay that can be imple-
mented to support translational, high-throughput studies in clin-
ical research.
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Background

One of the biggest challenges in multiplex chromogenic IHC (mIHC) is to
accurately identify and quantify double positive cells. Multiplex immuno-
fluorescence (miF) instead, allows for visualization of plenty of biomarkers
at once with true co-localization. However, visualizing tissue morphology
in mIF images can be challenging and the vast color combinations over-
whelming. Pathologists are key to retrieve biological information from
multiplex assays and provide annotations for assay validation. To support
pathologist analysis, resections of non-small cell lung carcinoma (NSCLC)
patients were stained with mIF and displayed as pseudo mIHC images.
Additionally, consecutive slides were stained with a mIHC panel. PD-L1
positive macrophages from the pseudo mIHC images were quantified
and compared to the readouts identified in the real chromogenic IHC.
Methods

7 formalin-fixed paraffin-embedded (FFPE) resections from NSCLC patients
were stained using Ultivue’s UltiMapper I/O PD-L1 kit and 1/0 PD-1 kit and
whole image scans were acquired with a Zeiss Axio Scan.Z1 scanner (Zeiss).
Consecutive slides were stained with a multiplex chromogenic panel (in-
cluding CD68, CD8, PD-1) at Mosaic Laboratories (1) and scanned with an
Aperio AT Turbo scanner (Leica). Images were analyzed using an automated
workflow for quantitative multiplex image analysis developed at Definiens
(2). Afterwards, miIF images were converted into pseudo mIHC images. Pa-
thologists annotated double positive macrophages for CD68 and PD-L1 on
both images. Results were compared with automatically detected double
positive cells and across assays. In addition, pathologists qualitatively
assessed visual similarity of real and artificial chromogenic images.

Results

Pathologists annotated double positive macrophages for CD68 and
PD-L1 markers on both images (mIF and pseudo mIHC). Results were
compared with those obtained using artificial intelligence to auto-
matically detect double positive cells and across assays. In addition,
pathologists qualitatively assessed visual similarity of real and artifi-
cial chromogenic images (Figure 1).

Conclusions

Transferring mIF into pseudo mIHC images helps to combine the advan-
tages from both approaches: true colocalization of biomarkers whilst main-
taining tissue morphology, facilitating visual evaluation of digital images
by pathologists. This technology could be used to complement research,
clinical routine diagnostic, drug development and biomarker discovery.
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Background

The role of myeloid cell populations within a tumor and their contribu-
tion to effective cancer immunotherapy is emerging with considerable
interest. However, assessing the role of intratumoral myeloid cells
under therapy pressure has it's challenges. Here, we implemented a
multiplex immunohistochemistry (mIHC) panel and a human ex vivo
system to interrogate key myeloid subsets as they affiliate with infiltra-
tion and activation of an emerging immunotherapy for glioblastoma
multiforme (GBM) - oncolytic Herpes simplex virus-1 (oHSV-1). mIHC
combined with advancements in digital pathology and machine learn-
ing algorithms have enabled identification, quantification and spatial
orientation of multiple cell types in a single field of view (FOV).
Methods

Cell Signaling Technology antibodies (CD3e,D7A6E™, ID: 85061), (CD68,
D4B9C, ID: 76437), (CD11c, D3V1E, 49420), (MHC Class Il (HLA-DRB) LGlI-
612.14), (Pan-Keratin, C11, 4545) were optimized for mIHC staining,
using a tyramide signal amplification approach to pin-point, in a single
FOV: intratumoral T-cells, defined by CD3e+; macrophages, defined by
CD68 and conventional dendritic cells defined by CD11c+MHCIl +, in
relation to the surrounding tissue architecture defined by pan cytokera-
tin. These biomarkers were integrated with incidences of oHSV-1 infil-
tration and replication (via expression of green fluorescent protein).
Results

First, we confirmed an optimized protocol for treating GBM ex vivo
with oHSV-1 such that tissue viability, infiltration and replication of
the virus are optimal. The staining of the mIHC panel was optimized
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using matched 3,3"-Diaminobenzidine chromogenic and single bio-
marker fluorescent controls tonsil tissue, which were validated using
tumor samples from patients with high grade glioma. We characterized
the spatial arrangement of myeloid subpopulations, ex vivo and corre-
lated the changes in spatial orientation, quantity and localization of
cells to the tumor. We determined that dynamic re-arrangement of
myeloid cells can be observed under pressure of immunotherapy
within the tumor, and confirm both a time-dependent and dose-
dependent effect of oHSV-1 on this immune cell modulation.
Conclusions

These data suggest a unique, multiplexed approach to study spatial ar-
rangement of myeloid and T-cell populations and their spatial distribu-
tion within tumors under basal growth conditions or in the presence of
anticancer immunotherapies, which may implicate the activity of mye-
loid cells with treatment responses. These findings could impact per-
sonalized cancer immunotherapy for patients receiving care.

Ethics Approval

The samples were collected under IRB approval.

Consent

The samples were collected under written patient consent for publi-
cation of this abstract.
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Background

Response and resistance to cancer therapy relies on the presence of ac-
tive immune cells in the tumor microenvironment, which recalibrate
the body’s own defense largely by modulating exhaustion of cytotoxic
lymphocytes including T cells and natural killer (NK) cells. However,
there is a critical gap in our understanding for the role of immune cells
to drive response or resistance to drugs and immunotherapies at the
individual patient level. This is primarily due to limitations in complex
tumor-immune interfaces that exist in many current tumor models.
Methods

Here, we deployed an ex-vivo human system that uses an explant of
native, patient-derived solid tumors including autologous immune cells.
Utilizing biopsied tumor tissue from patients diagnosed with triple-
negative (ER- PR- HER2-) breast cancers (TNBC, N=7), we studied drug-
induced cell death (cleaved caspase-3) and spatial heterogeneity of NK
cells (CD3-CD56+PanCK-) using multiplex immunohistochemistry
(mIHQ). Spatial orientation of cells in the microenvironment, including
proximity of NK to tumor and NK cell density within regions of the
tumor vs. stroma were performed using HALO-based quantitative ana-
lyses. Finally, we deployed in-vitro co-culture studies using 3-D TNBC
organoids and human-derived NK cells (NK-92MI).

Results

First, we report the ability of the ex-vivo human system to retain the
spatial orientation and total population of natural killer cells and T-
cells over the course of a 72h explant culture. Next, using Spearman
correlation analyses and principal component analysis (PCA), we de-
termined that drug response to both immunotherapy and conven-
tional cancer drugs, indicated by high incidence of cleaved caspase-3
after drug pressure, is directly associated with changes to the tumor-
NK cell proximity and density of NK cells within the tumor bed vs.
the stroma. Finally, using the 3-D tumor organoid cultures with NK
cells, we determined that activity and tumor cytolysis by NK cells is
hampered through cancer cell-activated cytokines, which diminish
expression of activating biomarkers including NKG2D/C.

Conclusions

Taken together, these results provide a method to study the spatial
arrangement of immune cells in an entirely human system, which
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can be perturbed with anticancer drugs to reliably influence the ex-
pression and growth patterns of immune cells. We further demon-
strate that this strategy can help to guide in-vitro studies to further
elucidate mechanisms of action of drugs, which influence response
vs. resistance via immune cell activity.

Ethics Approval

Anonymous breast cancer tissue samples were collected under IRB
approval with due written consent from each patient.
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Background

PD-1 inhibitors aim to re-instate the natural anti-cancer immune-
mediated cytotoxicity. Although PD-1 inhibitors are now consid-
ered part of standard of care treatment in advanced metastatic
NSCLC [1], little is known about the effects of PD-1 inhibitors on
asymptomatic central nervous system (CNS) metastases. We hy-
pothesized that early MRI brain imaging due to the development
of neurological signs and symptoms following the initiation of
PD-1 inhibitor may help delineate a subset of NSCLC patients
with asymptomatic and undiagnosed CNS metastases prior to ini-
tiation of therapy and may predict for worse outcomes.

Methods

Data from NSCLC patients who received at least one dose of PD-
1 inhibitors between September 2013 through the data cut-off of
May 2017 were captured from our institution’s pharmacy data-
base. The primary objective was to describe the characteristics of
patients with MRI brain being performed within 4 weeks of the
first dose of PD-1 inhibitors and the secondary objectives were
estimation of progression free survival (PFS) and overall survival
(OS) for the same population.

Results

140 NSCLC patients received at least one dose of PD-1 inhibitors
prior to data cut-off. Median age was 64 (range: 24-86). 83 (59%)
were male. 64 (46%) were treated on a clinical trial. There were
92 (66%) adenocarcinoma, 41 (29%) squamous cell carcinoma
(SCC) and 7 (5%) poorly differentiated NSCLC. 84 (40%) had a
pre-PD1 inhibitor MRI brain performed and 25 (18%) had been
diagnosed with baseline CNS metastases. 128 (91%; Group 1) did
not have an MRI brain performed within 4 weeks of starting PD-1
inhibitors, while 12 (9%; Group 2) patients did. 9 out of 12 pa-
tients had new or worsening CNS metastases. Of the 9, 1 had
WBRT, 1 had gamma knife, 1 went onto hospice while a decision
was made to monitor imaging and symptoms in 6 patients. The
median PFS was 5.28 months (95% Cl, 3.90 to 8.03) and 1.75
months (95% Cl, 1.08 to NE) for Group 1 and Group 2, respect-
ively. The median OS was not reached (95% Cl, 15.38 to NE) and
5.77 months (95% Cl, 2.85 to NE) for Group 1 and Group 2,
respectively.

Conclusions

In this retrospective analysis, patients who had MRI brain within
4 weeks of starting PD-1 inhibitors had worse outcomes.

Reference

1. NCCN Clinical Practice Guidelines in Oncology. Non-Small Cell Lung Can-
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Background

Novel multiplex immunofluorescent (miF) platforms have been devel-
oped for immunoprofiling of solid tumors to understand the tumor
microenvironment and to identify biomarkers for immunotherapy. One
of these methods employ IF and tyramide signal amplification (TSA) to
generate between 4 to 9-marker multiplex panels analyzed with multi-
spectral imaging. Although this method can provide reliable data, they
can show variability in consistency depending on the markers [1],
which affects the reliability of mIF for use in clinical trials. The goal of
this study was to develop and validate a highly consistent mIF method
for its use in clinical trials in the pharma and academic environments.
Methods

A mlF panel for the analysis of carcinomas was optimized using an
automated stainer (Leica) and automated multispectral scanner (Po-
laris, Akoya Biosciences). The markers included keratins (AE1/AE3),
CD68, PD-L1, PD1, CD8 and Ki67. Each primary antibody was first per-
formed on standard chromogenic IHC according to previously vali-
dated protocols. The mIF panel was developed with a secondary
antibody detection and TSA, using specific fluorophores for each
marker. Once optimized, the miF panel was tested on serial sections
of formalin-fixed human tonsil controls and six non-small cell lung
carcinomas, including replicates, together with standard IHC staining
of each individual marker for comparison. A set of three repeats on
different days for each mIF with all cases was performed to test
consistency and reproducibility of the mIF method. All slides were
digitally scanned and analyzed using Automated Definiens Insights
Platform with custom algorithms (Definiens AG, Munich, Germany),
comparing the cell populations in the serial section slides between
standard IHC and mlF, and between mIF repeated rounds. The data
was statistically analyzed using Pearson’s correlations.

Results

Using an automated workflow, the mIF data compared with standard
IHC showed correlations between 0.83 to 0.99. The data from the
three rounds of mIF performed on different days showed correlations
between 0.89 and 0.99. The marker that showed the lowest correl-
ation was CD68 (r=0.83), the possible cause was the difficulties on
cell segmentation due to morphologic irregularity shown by macro-
phages. Overall our present data showed a much higher consistency
than our previously published results using a non-automated miF
protocol, which correlations ranged from 0.17 to 0.87[1].

Conclusions

Our data demonstrates that using an automated workflow including
automated staining, scanning and analysis, and with properly vali-
dated IHC markers, mIF becomes a highly consistent methodology
and it is compatible for its use with clinical trial tissue specimens.
Trial Registration

Not applicable
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Background

Multiple methods to characterize immune-cell populations in
tumor microenvironment (TME) are being assessed as potential
biomarkers of immunotherapy response. These include manual
pathological assessment of lymphocyte infiltration, immunohisto-
chemical (IHC) staining for specific adaptive response markers
such as CD8, and more recently transcriptomic-based deconvolu-
tions of immune populations such as xCell and TIMER. Here we
combined digital masking using deep-neural nets with transcrip-
tomic deconvolution to infer where immune-subpopulations may
reside in the TME.

Methods

An unselected set of 187 clinical samples from the ImmunityBio data-
base were analyzed. Each had H&E stained diagnostic slides with
pathologist-annotated tumor regions, as well as deep whole-
transcriptomic sequencing (>200M reads). Deep neural networks pre-
viously trained on TCGA slide images were used to generate digital
spatial masks for 3 characteristics: tumor-content, lymphocytes, and
stroma. Patients were scored based on the presence of intratumoral
lymphocytes (iTIL) and stromal lymphocytes (sTILs). Immune subpop-
ulations were inferred from RNAseq expression of published
immune-cell-specific genesets [1,2], as was Wnt-signaling level [3].
Significant associations between immune subpopulations and level
of infiltration were analyzed.

Results

Manually annotated positive tumor regions were accurately digitally
masked as >83% tumor or lymphocyte. Wnt signaling was strongly
associated with overall stromal content (Rho=0.47, p<0.0001). Strong
anti-correlation was observed between levels of sTILs and iTILs
(Rho=-0.42, p<0.0001), and remained significant when including
overall stroma area as a covariate. Digital lymphocyte masks some-
what correlated with RNAseg-based deconvolution of lymphocyte
classes (Rho=0.30, p=0.0001) in line with reports from others [4],
however this decreased when comparing lymphocyte count within
annotated tumor regions only (Rho=0.17, p=0.03), despite high con-
cordance of lymphocyte counts within and outside of annotated re-
gions overall (Rho=0.82, p<0.0001). RNAseqg-based lymphocyte levels
were more associated with sTILs than iTILs (Rho=0.19 vs. -0.28, p<
0.01 respectively).

Conclusions

Adaptive response effectors such as NK and T-cells are found
more resident in surrounding stromal tissue than infiltrating
tumor tissue. Increased Wnt/B-catenin signaling in stromal re-
gions, reported by others as immunosuppressive, may sequester
immune effectors and aid in immune escape.
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Background

When studying the tumor microenvironment, knowing not only
the types of immune cells present but also the spatial distribu-
tion and relationship of these immune cells to other immune and
tumor cells provides crucial information. In the past, techniques
used to analyze these spatial relationships have been limited by
the number of biomarkers that could be simultaneously mea-
sured. Recently, with the development of multiplexed ion beam
imaging (MIBI), 40+ biomarkers can be simultaneously measured
in a single scan [1]. By probing with an ion beam, tissue sections
can be imaged at a spatial resolution on the same order of mag-
nitude as light based techniques, providing subcellular resolution.
This combination of multiplexed biomarker measurements and
subcellular spatial resolution enables segmentation of the image
into individual cells, making possible subsequent cell type classifi-
cation and quantification.

Methods

Samples of placenta, lung, tonsil, lymph node, thymus, and liver
were imaged with MIBI. Segmentation of these images was per-
formed in two steps. First, a MaskRCNN [2] model was trained
to utilize multiplexed MIBI data to predict the location of cell
instances in a MIBI image for a single class of objects by learn-
ing features from a set of nuclear, cytoplasmic, and membrane
markers. The centroids of each predicted cell instance were
used as seed points and, after manual refinement of these seed
points, watershed segmentation was performed to determine
boundaries between instances. Both the summed intensity of a
marker as well as a weighted cell score which accounts for the
spatial distribution of a marker’'s expression throughout a cell
instance were calculated and were used for cell type
classification.

Results

Cell population and densities were calculated for a number of
different cell types, including T cells, B cells, and macrophages
based on a combination of one or more coexpressed biomarkers
present within segmented cells. Figure 1 shows an example FOV
with several cell types classified in a single image. Expression of
immunoregulatory proteins including PD-1 and PD-L1 were quan-
tified and assigned to specific cell types. Finally, nearest neighbor
distances between various cell types were determined to
characterize the spatial organization of cell populations within
each tissue image.

Conclusions

The ability to characterize the many different cell types within
the tumor microenvironment is made possible by the highly mul-
tiplexed nature of MIBI data, the subcellular spatial resolution of
the image data, and downstream analysis tools, including com-
puter vision approaches, which enable cell segmentation, classifi-
cation, and spatial analysis.
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Background

For the advancement of immunotherapeutics, the need to under-
stand the tumor microenvironment has never been more press-
ing. Recent advances in mIF and multispectral imaging facilitate
accurate simultaneous analysis of multiple tissue markers. This is
critical in instances where sample is limited, such as a tumor bi-
opsy or other clinical specimen. The applications of mlIF are nu-
merous, and span clinical, translational, and basic research
applications. A seven-color mIF can take eight weeks, or more, to
develop. Herein, we describe a simplified, faster approach.
Methods

FFPE human tissue was stained with PathPlex™ Panel 4 IHC vali-
dated primary antibodies (Bethyl Laboratories [A810-004]), mouse
or rabbit HRP-conjugated secondary antibodies (Bethyl Laborator-
ies [A90-116P, A120-501P]) and detected using Opal™ Polaris 7-
color IHC kit fluorophores (Perkin Elmer [NEL861001KT]). Primary
antibody order was optimized utilizing tissue microarray serial
sections, and three slides per target by staining after the first,
third, or sixth heat-induced epitope retrieval (HIER). All three
slides were imaged using the same exposure time and analyzed
for target/nucleus counts, signal intensity, and background. Fi-
nally, the order was tested in the seven-color mIF and compared
to single stain for confirmation. Whole slide scans were gener-
ated using the Vectra Polaris® and analyzed using InForm® image
analysis package.

Results

Development time of a seven-color mIF was reduced using IHC
validated antibodies and the optimized dilution. Antibody order
was guided by results of three slides stained after first, third or
sixth HEIR. The ratio of target staining/DAPI nuclear counts, aver-
age intensity and overall background predicts the optimal order
of staining. Some targets reveal larger average area staining,
higher intensity and lower background when stained last, for ex-
ample FOXP3 (Table 1, Figure 1), while the inverse may be true,
or no effect for other targets. There are 720 possible
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combinations for a seven-color panel. Using this method, the
number of slides was reduced to three per target (18) plus con-
firmation seven-color slides resulting in a panel containing CD3,
CD8, CD68, Cytokeratin, FOXP3 and PD-L1 (Figure 2).

Conclusions

Multiplex IF is a powerful technique that allows for examination
of spatial arrangement of proteins of interest as well as protein
interaction/co-localization of multiple targets within a single
tissue specimen. MIF panels can take eight or more weeks to
optimize, however, researchers can save time and resources using
validated antibodies and this antibody order guide.

First HIER
Fig. 1 (abstract P62). See text for description

Third HIER Sixth HIER

Table 1 (abstract P62). See text for description

HIER FOXP3+ DAPI+ Ratio Intensity Background
First 1684 35151 5 77 -
Third 2419 32876 7 81 =
Sixth 3281 33012 10 88 -
e ~

5

Fig. 2 (abstract P62). See text for description
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Background

Myeloid-derived suppressor cells (MDSCs) are a group of leuco-
cytes with myeloid origin and immune-suppressive function.
Ample recent evidence supports key contributions of MDSC to
tumor progression through immune-mediated mechanisms.
MDSCs include two major subsets based on their phenotypic and
morphological features: polymorphonuclear (PMN)-MDSC and
monocytic (M)-MDSC. However, these cells remain less studied
than T lymphocytes as their phenotypical, morphological and
functional heterogeneity generate confusion in investigation and
analysis of their role.

Methods

With the progresses on multiplex IHC assay technology, we are now
able to develop multiplex immunofluorescent marker panels to
evaluate the expression and localization of the main subpopulations
of myeloid cells in the tumor microenvironment.

Results

We have developed and validated CD14, CD66b, CD163 and
MHCII (HLA-DR) IHC multiplex marker panel to evaluate the main
populations of myeloid cells, along with their activation status.
After completing the validation for individual markers in a single
chromogenic IHC platform, we optimized the incorporation of
each marker into the multiplex platform. In parallel, a multiplex
image analysis algorithm (APP) was generated and validated to
quantify each subpopulation of myeloid cells in the tumor area.
Last, fit for purpose analytical validation, including sensitivity, spe-
cificity and precision was successfully carried out.

Conclusions

This validated assay is currently being used to support multiple on-
going and future clinical trials.
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Background

Characterizing the complexities of the tumor microenvironment is elem-
ental to understanding disease mechanisms. The spatial relationships be-
tween infiltrating immune cells and the remodeling of the cellular matrix
is widely recognized as a key component to defining tumor heterogen-
eity. Current methodologies for analyzing the spatial dimension in tissues,
like traditional immunofluorescence (IF) and immunohistochemistry (IHC),
are limited to a few parameters at a time, restricting the scope of identifi-
able cells. Conversely, single-cell technologies like mass cytometry and
NGS-based tools provide multiplexing capabilities, but at the expense of
the associated spatial information. Here, we present the analysis of hu-
man lung cancer FFPE tissues with CODEX using a panel of more than 20
markers targeting the tumor microenvironment.

Methods

The CODEX technology, developed by Akoya, is comprised of a fluidics
instrument that interfaces with existing microscope hardware, as well as
a suite of reagents and associated control and analysis software. The
CODEX technology involves labeling antibodies with oligonucleotide-
based Barcodes followed by a single staining step. Around 40 parameters
can be measured within a single tissue through fully-automated, iterative
cycles of adding and removing corresponding dye-conjugated Reporters.
Here, we apply this technology using a panel of antibodies targeting im-
mune, cancer and other architectural features to measure cell subsets in
cancer FFPE tissues. Image data is processed using the CODEX analysis
pipeline, including clustering, annotation and mapping of cell types to
the original image data with the Multiplexed Analysis Viewer (MAV).
Results

The CODEX technology was used to ascertain complex cellular niches
and spatial associations between multiple cell types based on the
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staining pattern of more than 20 parameters. The high-parameter anti-
body panel used was optimized with human FFPE tonsil tissues. Human
lung cancer FFPE tissues were then analyzed with this same panel. Cell
clustering using the MAV software identified tens of cell types within
the tumor tissues. Immune cell sub-types were mapped onto the ori-
ginal image data to assess infiltration and spatial associations.
Conclusions

Unlike other cyclic IF approaches involving multiple antibody staining
and stripping steps, the CODEX platform involves a single initial
staining step and subsequent gentle and relatively fast manipulation
of the tissue thereafter. This provides a superior workflow and pre-
vents tissue degradation. CODEX data from various normal and can-
cer human FFPE tissue types is shown here with corresponding
single-cell analysis of key tissue features. Overall, the CODEX platform
is an accessible and versatile technology for high parameter, spatial
profiling of tissue specimens.
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Background

T cells targeting tumor-exclusive neoepitopes (neoE) have been pos-
tulated to represent the primary mediators of clinical benefit for pa-
tients with solid tumors treated with immunotherapies. Identifying
and tracking these T cells in patients can help to understand the
mechanism for immune checkpoint inhibitor therapies, as well as
provide new therapeutic candidates for personalized adoptive cell
therapies. However, this has been hampered by the low frequency of
neoE-specific T cells in peripheral blood. To this end, we demonstrate
the use of the imPACT Isolation Technology®, an ultra-sensitive high-
throughput technology, to capture neoE-specific CD8 T (neoE-T) cells
from peripheral blood. In addition, this technology can be utilized to
quantify and monitor neoE-T cells longitudinally during therapy. We
show here preliminary data applying the imPACT technology to clin-
ical trial samples for the characterization of mutation-targeted T cell
responses from patients associated with clinical benefit.

Methods

Peripheral blood mononuclear cells (PBMC) from patients with non-
small cell lung cancer (NSCLC) and treated with combinations con-
taining an anti-PD-1 antibody were analyzed. Briefly, tumor-exclusive
neoE-HLA target candidates were predicted and barcoded snare li-
braries comprising personalized neoE-HLA reagents were produced
for capture of neoE-specific CD8+ T cells from PBMCs. Longitudinal
analysis of neoE-T cells responses throughout the duration of treat-
ment was performed to obtain valuable information on neoTCR se-
quences and neoE-T cell quantification & phenotype.

Results

A baseline neoE-specific CD8 T cell profile was identified in all sub-
jects prior to treatment. Among NSCLC subjects exhibiting objective
responses to therapy, some neoE-T cell clones identified at baseline
persist in the blood and/or diversify in clonality over the course of
treatment. In some circumstances, new neoE-T cell clones have
emerged on treatment with anti-PD-1. Furthermore, phenotype ana-
lysis suggested the neoE-T cells captured from blood have been acti-
vated, indicating previous encounter with their respective neoE-HLA
targets.

Conclusions

The imPACT technology was used to assess the phenotype & quan-
tity of neoE-specific T cells in blood of trial participants over time.
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This approach revealed the evolution of mutation-targeted T cell re-
sponses in participants with clinical benefit and may prove to be a
powerful tool to provide mechanistic understanding of immune re-
sponses associated with clinical benefit. These data support further
testing of the neoE-T cell capture technology, with the potential to
uncover the identity of neoE-specific T cells pre-existing in the blood
of patients and the evolution of immune attack to cancer.

Ethics Approval

The study was approved by the institutional review boards or ethics
committees of the participating sites in Arcus Biosciences’ clinical
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Background

Diffuse midline glioma, including diffuse intrinsic pontine glioma
(DIPG) constitutes up to 20% of pediatric brain cancer and has a me-
dian survival of 9-10 months. Given the proximity of DIPG to paren-
chymal regions that play vital homeostatic functions, surgical
resections are often restricted in size and scope, leaving irradiation
and chemotherapy as the primary management options. The on-
going development of immunotherapy has shown significant
promise in many fields, including that of gliomas. Genetic studies
revealed that greater than 70% of DIPG cases harbor an amino
acid substitution from lysine (K) to methionine (M) at position 27
of histone 3 variant 3 (H3.3). We previously identified a novel
HLA-A*02:01-restricted neoantigen epitope encompassing the
H3.3K27M mutation. Accordingly, we have implemented a pilot
vaccine through the Pacific Pediatric Neuro-Oncology Consortium
(PNOQ).

Methods

Twenty-nine newly diagnosed DIPG patients who are HLA-A2+ and
H3.3K27M+ underwent radiation therapy, and then received the
H3.3K27M peptide vaccine and tetanus toxoid (TT) peptide emulsified in
Montanide in combination with poly-ICLC every 3 weeks for a total of 24
weeks. Our objective is to characterize vaccine-induced H3.3K27M-spe-
cific CD8+ T-cell and myeloid-derived immunosuppressive subpopula-
tions in peripheral blood mononuclear cells utilizing a novel H3.3K27M-
specific dextramer-based mass cytometry (CyTOF) method [1,2].

Results

Through this approach, the temporal expansion of vaccine-reactive
CD8+ T-cells was observed in all patients who completed a minimum
of 24 weeks on the study (n = 4). Simultaneously, this expansion was
not observed in 4 of 5 patients who withdrew from the regimen due
to progression. These T-cells were clustered on a tSNE plot using ca-
nonical CD8+ T-cell activation markers and further classified by their
expression profiles, revealing distinct effector memory, central mem-
ory and transitional effector subpopulations. Chronological monitor-
ing of these groups indicates the time course-dependent
development and persistence of vaccine-reactive exhausted and ef-
fector memory CD8+ T-cells in 3 of the 4 initial patients analyzed.
Furthermore, an analogous clustering and phenotyping approach
was used for myeloid cells, allowing for the identification of myeloid-
derived suppressor cell (MDSC) subpopulations. A comparative ana-
lysis revealed a positive correlation between two monocytic myeloid-
derived suppressor cell (M-MDSC) subpopulations and progression-
free survival.
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Conclusions

Future plans include analyzing the remainder of patients enrolled in
the trial and the utilization of CD8+ and MDSC-specific CyTOF panels
to further classify the aforementioned subpopulations to further elu-
cidate this relationship. This methodology offers insight into the pro-
gression of vaccine-induced patient immune responses and exhibits
promise as a platform that may be extrapolated to other
immunotherapies.
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Background

Immune related adverse events (irAE) occur in >80% of patients
receiving immune checkpoint inhibitors (ICl). Currently, most
data about the incidence of irAE comes from clinical trials with
restrictive eligibility requirements. With the wide use of ICl ther-
apy as standard of care for many cancers, it is important to as-
sess incidence of irAE in a general patient population. The
Chicago Area Patient Reported Outcomes Research Network
(CAPriCORN) is a clinical data research network containing med-
ical records for >9.5M patients who receive care in 11 institu-
tions spanning diverse patient populations and healthcare
settings [1]. Using CAPriCORN, we wanted to determine whether
we could identify a large, diverse cohort of patients who re-
ceived ICls as a foundation for exploring the incidence of irAE
in a real-world data source.

Methods

We identified all patients within CAPriCORN who were 19-88
years old, had a diagnosis for an ICl-approved cancer, and re-
ceived an ICl from 1/1/2011 through 12/31/2018. Clinical experts
identified the International Classification of Disease 9 and 10
codes used to document cancer diagnosis and the RxNorm [2]
codes for each ICI documented as a medication ordered in the
medical record (Table 1). The query was developed against the
PCORnet Common Data Model version 4.1 [3], validated on the
Northwestern University site node in CAPriCORN and distributed
to all CAPriCORN sites. Six of 9 sites returned counts. Data was
centrally aggregated and stratified by age, race, sex and therapy.
All data are aggregated counts.

Results

As shown in Table 2, we identified 6,541 patients within CAPri-
CORN who received ICI therapy for cancer. 45% are female, 75%
identify as white, 13% African American, 2% Asian and 1% Native
American, and 86% are 51-83 years of age. The most well repre-
sented cancers were Non-small Cell Lung Carcinoma (50%) and
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Metastatic Melanoma (18%). Overall, 67% received anti-PD1 ther-
apies, followed by combination ICI therapies, anti-PDL1 and anti-
CTLAA4, though usage varied within cancer types.

Conclusions

Our results demonstrate that a large cohort of cancer patients who
have received ICl therapy can be identified in an integrated medical
record data environment that spans 11 institutions in a major urban
center. This population is racially diverse, represents both sexes, a
wide range of ages and includes all cancer types approved for ICI
therapy as of 2018. This real-world cohort will be an effective founda-
tion on which to explore the incidence of irAE, particularly rare irAE
that require large sample sizes to investigate.
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Table 1 (abstract P67). See text for description

Cancer Type International Classification of Disease Codes
X N

Metastatic Melanoma

Non-small Cell Lung Carcinoma

Renal Cell Carcinoma

Squamous Cell Carcinoma of the
Head and Neck

Hodgkin Lymphoma |CD-10: C81.+
ICD-9: 188."
ICD-10: C66.", C67.*
ICD-0: 163", 154
ICD-10: C18.*, C19.%, C20.*
ICD-0: 165."
ICD-10: C22.*
1CD-9: 209,
ICD-10: C4A*, C7B.1.*
- ICD-9: 151."
Gastric Cancer 1GD-10: G168

i ; 1094833, 1094834, 1094835, 1094836, 1094837, 1094838, 1094839, 1094840,
Ipilimumab (Yervoy) (anti-CTLA4) 1004840, 1004840, 1161327 1186646
1507876, 1597877, 1597878, 1507881, 1597882, 1597884, 1657189, 1657190,
1657191, 1657192, 1657193, 1657194, 1657195, 1657196, 1991412, 1991413
1547545, 1547546, 1547547, 1547550, 1547551, 1547553, 1657744, 1657745,
1657746, 1657747, 1657748, 1657749, 1657750, 1657751, 1657752, 1657753
1792776, 1792777, 1792778, 1792779, 1792780, 1792780, 1792780, 1792782,
1792783, 1792785, 1792786, 1792787
1875634, 1875539, 1875640, 1875541, 1875542, 1875543, 1875644, 1875545,
1875546, 1875547, 1875548, 1875549
1919503, 1919504, 1919505, 1919506, 1919507, 1919508, 1919509, 1919510,
1919511, 1919512, 1919513, 1919514, 1919515, 1919516

Urothelial Carcinoma o

Metastatic Colorectal Cancer

Hepatocellular Carcinoma

Merkel Cell Carcinoma

Nivolumab (Opdivo) (anti-PD1)

Pembrolizumab (Keytruda) (anti-PD1)

Atezolizumab (Tecentriq) (anti-PDL1)

Avelumab (Bavencio) (anti-PDL1)

Durvalumab (Imfinzi) (anti-PDL1)

Table 2 (abstract P67). See text for description
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Background

Immune infiltration of T cells (TIL) into the melanoma microenviron-
ment has been associated with improved survival for some patients,
and also has been exploited to grow TIL in vitro for adoptive therapy.
However, prognostic significance of immune infiltrating cells in melan-
oma and other tumors remains a relatively new concept, and markers
related to suppressive versus active functional TIL remain unclear. We
previously reported that in Stage Il melanoma patients’ tumors, posi-
tive expression of CD74 together with low or absent Macrophage Mi-
gration Inhibitory Factor (MIF) associates with favorable prognosis [1].
Methods

From an ongoing clinical trial using TIL intended for adoptive immuno-
therapy, we have studied the melanoma patient tumors specimens
(FFPE) from 20 patients whose autologous TIL lines grew to sufficient
number for possible use clinically. We also examined another 20 sets of
melanoma tumor from which the TIL did not grow or not grow well. We
analyzed the differences in the two groups of tumors (40 total FFPE) for
CD74 regulated pathway features and inflammatory marker expression.
Results

CD74 regulated markers included CD44, MIF, and downstream in-
flammatory targets including inducible Nitric Oxide Synthase (iNOS)
and Nitrotyrosine (NT). Our findings confirm our previous report in
that tumor CD74 expression significantly associates with favorable
OS and PFS (both, p=0.0038) and provides new data that in this set
of patients the CD74 also correlates with best irRC of TIL treated pa-
tients. New findings include that the NT expression in tumor cells as-
sociated with poor TIL growth (p=0.014), as well as lack of clinical
response to TIL treatment (p=0.02). We have also found that tumor
cell-derived MIF and iNOS expression correlate with unfavorable
prognosis for both OS and PFS (p=0.016 and 0.018, respectively).
Conclusions

We have identified the protein expression of CD74, MIF and of iNOS as
providing survival information, and proposed that CD74+/MIF-/iNOS- to-
gether be considered to form a "signature" of good prognosis in general
melanoma outcomes as well as TIL growth and favorable responses for
these patients. Use of this signature for selecting patients for entry into
TIL and possibly other immunotherapy trials, as well as research on the
differential pathways of IFN-y signaling in melanoma appear as important
areas for future mechanistic research to improve patient outcome.
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Background

Diffuse large B cell lymphoma (DLBCL) being the most subtype
of non-Hodgkin lymphoma. Despite evidence of expression of
PDL-1 on lymphoma cells, less than 10% of DLBCL patients re-
spond to PD1 therapy [1]. We hypothesize that a better
characterization of spatial architecture of the tumour microenvir-
onment (TME) in lymphoma will help explain differences in re-
sponses to PD1/PDL-1 inhibitors and guide future targeted
immunotherapies for these patients.

Methods

Here we characterized the TME in DLBCL using imaging mass cy-
tometry (IMC), which allows high-dimensional, single-cell and
spatial analysis of FFPE tissues at sub-cellular resolution [2]. Using
a panel of 32 antibodies, IMC was performed 41 tissue microarray
cores from 33 DLBCL cases. IMC images were analyzed for rele-
vant immunophenotypes, the spatial architecture of those pheno-
types and compared to clinical outcomes to identify immune
contexture based biomarkers.

Results

Phenograph was used to cluster tumor and immune cells
based on phenotype (Figure 1A). Immune cell represented 33%
of the cells represented by CD4 (36%), CD8 (30%), macro-
phages (26%) and TREG (8%) (Figure 1B). Immune cell infiltra-
tion in individual tumor samples ranged from 7% to 75% with
marked heterogeneity. (Figure 1C-D. Analysis of immune
marker expression on tumor cells identified co-expression of
PD-L1/CCR4/TIM3 to be highly prognostic for overall survival
(p=0.003, Figure 1E)

To characterize the patterns of spatial interaction in the TME, we
developed an unsupervised multivariate model to construct
spatial meta-clusters based on average distances from CD8 to the
centroids of 5 nearest endothelial cells, TREG, CD4 T cells, macro-
phages, and tumor cells (Figure 2A). Spatial analysis revealed 11
meta-clusters for CD8 T cell interactions (Figure 2B). Meta-clusters
2, 6, 8 and 11 were the 4 most dominant patterns of CD8 spatial
interaction in the TME. Each CD8 spatial interaction pattern is dis-
tinctive with case to case heterogeneity (Figures 2C-D). Risk as-
sessment analyses of spatial clusters 1, 2 and 4 (“hazardous”) had
almost 3 times higher odds of being identified in refractory cases
compared to clusters 3, 5 and 6 (“protective”) (Figure 2E). In the
“protective” spatial neighborhoods, we observed the presence of
activated CD8, Th1-like CD4, and less suppressive TREG pheno-
types, with opposite in “hazardous” areas (Figures 3A-B). TIM-3
expression was high both on T cells and tumor cells in the “haz-
ardous” neighborhoods.

Conclusions

Our novel approach to spatial analysis of the immune architecture re-
veals clinically relevant insights into the TME.

References

1. Ansell, S. M. et al. Nivolumab for Relapsed/Refractory Diffuse Large B-Cell
Lymphoma in Patients Ineligible for or Having Failed Autologous Trans-
plantation: A Single-Arm, Phase Il Study. J. Clin. Oncol. 37, 481-489
(2019).

2. Giesen, C. et al. highly multiplexed imaging of tumor tissues with
subcellular resolution by mass cytometry. Nat. methods | 11, 417
(2014).

Ethics Approval

The study was approved by USC IRB, approval number HS10-260

Page 38 of 272

L Fig. 1 (abstract P69). See text for description

== !;‘_‘::,

=

. -
: -"-—' —'o

Fig. 2 (abstract P69). See text for description




Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):282

LIS
» -— " "'
. —— B ) - .
) O e ). I
b -y "~ o
4 3
".“ - "‘ - '. 'h Py P 3
- ; - 2
L
- -
S bl . . -
K
Fig. 3 (abstract P69). See text for description

P70

Tissue-based characterization of T cell exhaustion in inflammatory
bowel disease and colorectal cancer using multiplex IHC

Marina Bleck, PhD, Diane Mierz', Ania Mikucki', Marie Marcher', Sidharth
Kerkar, MD', Gerald Nabozny, PhD', Sean Downing, PhD?, Alexander
Klimowicz, PhD', Alexander Klimowicz, PhD'

'Boehringer Ingelheim, Ridgefield, CT, United States; *Ultivue,
Cambridge, MA, United States

Correspondence: Alexander Klimowicz
(alexander.klimowicz@boehringer-ingelheim.com)

Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):P70

Background

T cell exhaustion and the PD-L1/PD-1 checkpoint axis has been ex-
tensively characterized in peripheral blood mononuclear cells and in
human tumor tissues. This has provided a better understanding of
the role this pathway plays in tumor immunology and of its clinical
utility in predicting responsiveness to checkpoint inhibitor therapies.
T cell exhaustion is not only associated with tumor progression, but
has recently been associated with better prognosis and milder course
of disease for a number of autoimmune and autoinflammatory disor-
ders. We set out to characterize and contrast the T-cell exhaustion
environment between colonic Crohn’s disease (CD) and colorectal
cancer (CRC). We applied the Ultivue UltiMapper multiplex fluores-
cence IHC platform to capture complex immune cell phenotypes and
provide a more in depth characterization than traditional IHC.
Methods

Commercially sourced FFPE surgical resections from n=5 colonic CD pa-
tients (matched lesional and non-lesional tissue) were compared to n=
5 CRC tumor resections (3 hot and 2 cold tumors) using the Ultivue Ulti-
Mapper multiplex fluorescence immunohistochemistry platform. Two
UltiMapper kits were used to evaluate the T cell environment in these
tissues: UltiMapper I/O PD-L1 panel included the markers CD8, CD68,
PD-L1, and pan-Cytokeratin/Sox10; UltiMapper I/O PD-1 panel included
the markers CD3, CD45RO, PD-1, and pan-Cytokeratin/Sox10. All assays
were stained on Leica BOND RX autostainers. Whole-slide images were
acquired on a ZEISS Axio Scan.Z1 slide scanner. Image analysis was per-
formed using Indica Labs HALO software.

Results

Contrasted to non-lesional CD tissues, several similarities were ob-
served between CD lesional tissue and CRC, including the presence
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of PD-L1+ immunoreactivity in epithelial/tumor cells, increased im-
munoreactivity for PD-L1 in CD68+ cells, and a closer relationship be-
tween intra-epithelial and stromal CD8+ cells with PD-L1+ cells. In
addition, areas in CRC and CD heavily infiltrated by immune cells or
with tertiary lymphoid structures contained clusters of PD-L1+ cells
that were negative for both CD68 and pan-Cytokeratin. Most of the
CD3+ cells in non-lesional CD were PD-1 negative, except around ter-
tiary lymphoid structures. In contrast, a greater percentage of CD3+
cells were also PD-1+ in CRC, and more so in lesional CD tissue.
Conclusions

The Ultivue UltiMapper multiplex fluorescence immunohisto-
chemistry platform was effective in characterizing the PD-L1/PD-
1 axis and T cell exhaustion environment in FFPE tissue, in part
due to the ability to clearly identify more complex immune cell
phenotypes than traditional multiplex IHC. The application of
the UltiMapper assays demonstrated many similarities between
marker and cell type distribution between lesional colonic CD
and CRC.
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Background

Tumor mutation burden (TMB) is used as a surrogate marker for the
neoantigen load of a tumor, and many studies have shown that TMB
predicts the success of immune-oncology (I0) treatments for cancers,
such as anti-PD-1 or anti-CTLA4 therapy. While 10 treatment of pa-
tients with high TMB has led to success and excitement in the field,
not all high TMB patients respond to 10 treatment. TMB can be de-
termined using next-generation sequencing, and both panel and
whole-exome DNA sequencing have been used to measure the mu-
tation load of a tumor.

Because all genes are not expressed in every cell, inclusion of the
mutations found in unexpressed genes may confound the utility of
TMB to predict neoantigen load. In this study, we explore improving
TMB by taking into account both DNA mutation and RNA expression
with the hypothesis that using both criteria will lead to a TMB bio-
marker that correlates better with neoantigen load.

Methods

We examined DNA and RNA sequencing data for different cancer types in
The Cancer Genome Atlas (TCGA) to determine refined TMB values. The
data were assessed to identify mutations with and without expression.
Results

We found that a significant faction mutations included in a standard
TMB calculations reside in genes that are not expressed, and this frac-
tion varies significantly among samples. A corrected TMB that incorpo-
rates gene expression is likely to be a better predictor of neoantigen
load. In addition, our group has previously identified TCGA samples
with allele specific expression in which up to 25% of the tumor muta-
tions are not expressed despite significant expression of the gene. The
fraction of unexpressed mutations is much higher in some cancer
types. Adding this correction to the TMB calculation, including only var-
iants that are expressed in the tumor in the TMB calculation, changes
the average TMB values found among different cancer types, and cor-
rects the TMB in individual samples. This refined TMB value provides a
biomarker that reclassifies samples scored as high TMB to low TMB and
is likely to better predict response to 10 treatment.

Conclusions

As our results suggest, adding RNA sequencing can be used to im-
prove the TMB biomarker to better separate treatment groups. The
initial analysis was performed with TCGA exome data and is now be-
ing extended to refine TMB values generated from gene panels in-
cluding TSO 500. We are also evaluating differences in tumor-
infiltrating lymphocytes in based on the refined TMB value.


alexander.klimowicz@boehringer-ingelheim.com
jgulcher@wuxinetcode.com

Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):282

P72

Comprehensive and accurate prediction of presented neoantigens
using ImmunolD NeXT and advanced machine learning algorithms
Dattatreya Mellacheruvu, PhD, Rachel Pyke, Charles Abbott, PhD, Nick
Phillips, Rena McClory, John West, MBA, Richard Chen, Sean Boyle, PhD,
Dattatreya Mellacheruvu, PhD

Personalis Inc,, Menlo Park, CA, United States

Correspondence: Sean Boyle (sean.boyle@personalis.com)

Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):P72

Background

Comprehensive detection of potential neoantigens and accurate pre-
diction of their MHC presentation are critical prerequisites for selecting
neoepitopes that can be used for creating personalized cancer vac-
cines. However, prediction models developed using in-vitro MHC-
peptide binding assays cannot model upstream presentation machin-
ery, such as proteasome cleavage and peptide loading. Advances in
immuno-affinity purification followed by mass spectrometry (IP-MS)
have enabled direct detection of MHC-bound peptides and can there-
fore be used for modelling native MHC-peptide presentation. Further,
genetically engineered cell lines that express a single HLA allele enable
unambiguous HLA-peptide assignment. Here, we present an overview
of our MHC presentation prediction framework based on a large collec-
tion of such mono-allelic cell lines and discuss its utility in conjunction
with ImmunolD NeXT, our commercially available exome scale DNA
and RNA sequencing and analytics platform specifically designed to en-
able the development of immuno-therapies.

Methods

Mono-allelic cell lines were generated from K-562 null-HLA parental
cells by transfecting each of the selected alleles. Cells were grown,
screened for surface expression, lysed and immuno-affinity purified
using a column coated with HLA class | (W6/32) antibody. Peptides
were gently eluted and analyzed using LC-MS/MS. Peptide-to-spectrum
assignment was performed and filtered at 1% false discovery rate.
Results

The training data for our MHC presentation prediction framework were
generated using a large collection of genetically engineered mono-
allelic cell lines, encompassing approximately 60 HLA Class | alleles that
are frequently present across various populations. The resulting
immuno-peptidomics data were comprehensive and of high quality -
the peptide yields were high (median of approx. 1600 unique peptides
per allele) and the dominant motifs were in agreement with published
motifs. Our prediction framework is based on multiple modelling algo-
rithms, including a multi-layer neural network, and uses proprietary and
standard features such as peptide sequence, peptide length, binding
pocket sequence and abundance (measured by transcripts per million).
We created allele-specific and pan-allele models and evaluated them
on an independent hold-out dataset. Both our allele-specific and pan-
allele models had superior performance compared to other public
tools, with a higher precision across a range of recall (sensitivity) values.
Conclusions

Our integrated pipeline for neoepitope discovery, which includes the
comprehensive profiling of putative neoantigens using ImmunolD
NeXT and accurate and sensitive prediction of MHC presentation of
such neoantigens across all HLA Class | alleles (using our pan-allelic
models) enables the effective generation of neoepitopes that are crit-
ical for developing personalized cancer vaccines.
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Background
The repertoire of HLA-peptides presented to the immune system
which derive from cancer-associated, viral, and mutated proteins are
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attractive targets for immunotherapy. Identifying the full comple-
ment of peptides derived from a protein presented on a major class-I
HLA restriction provides a vital step toward increasing the speed and
viability of many immunotherapeutic strategies. Advances in next-
generation sequencing (NGS) and single-cell technologies have en-
abled the accurate capture of somatic mutations accumulated by a
tumour, yet a significant hurdle remains how this information can be
utilized for immunotherapeutic benefit. Identifying which somatic
mutations produce neoantigens is crucial in providing the link be-
tween genetic change and immunological impact.

Methods

Directly identifying potential neoantigens using mass spectrometry
offers a significant improvement over traditional approaches based
on prediction. However, the relatively high sample requirement of
this approach inherently limits the depth of analysis that can be per-
formed, with a significant risk that low abundance neoantigens are
not detected.

By integrating multiomics data from over 1000 experiments in 200
immortalised cell lines, we have generated a database of over two mil-
lion unique HLA-peptide sequences that offers near total coverage of
the protein-coding genome. Our comprehensive HLA class-I peptide
atlas has been used as a reference tool to aid direct identification of
neoantigens by targeted mass spectrometry, to probe indirectly for the
presence of neoantigens, and to explore how many common driver
mutations associated with cancer interact with the immunopeptidome.
Results

We have identified hundreds of neoantigens directly by mass spec-
trometry and found that mutated proteins follow the same pattern
of antigen processing and presentation as their unmutated equiva-
lents. As a result, our HLA peptide atlas offers significant value in pre-
dicting the likelihood of a somatic mutation creating a neoantigen.
Comparing predicted neoantigens with those directly identified by
mass spectrometry, we show effective prioritization of mutations by
accurately predicting the presence and relative abundance of neoan-
tigens. Applying this process toward the five most commonly mu-
tated genes in cancer reveals a marked bias toward mutations that
either act negatively or are in ‘quiet’ areas of the immune landscape.
As all mutated peptides contain novel amino acid sequence, and are
hence able to elicit an immune response, this ability to convert ‘po-
tential’ into ‘actual’ is crucial in establishing a mechanism for identify-
ing false positive results observed in cell-based assays.

Conclusions

An integrative multiomics approach to neoantigen identification
has delivered a powerful reference for developing novel
immunotherapies
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Background

We hypothesized that neo-epitope-based prediction using an ad-
vanced in silico T cell epitope screening system (Ancer™) may better
identify patients with improved prognosis than tumor mutation bur-
den. Analysis of genomic data derived from the muscle-invasive
bladder cancer (BLCA) cohort of The Cancer Genome Atlas (TCGA)
database for CD4, CD8, and Treg neo-epitopes was performed to de-
termine whether Ancer™ would improve prognostic stratification
compared to tumor mutational burden (TMB).


sean.boyle@personalis.com
alex.powlesland@gmail.com
gberdugo@epivaxonco.com

Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):282

Methods

BLCA patient mutanomes (n=412) were retrieved from the TCGA and
evaluated with Ancer™, an innovative and automated neo-epitope
screening platform that combines proprietary machine learning-
based HLA | and HLA Il neo-epitope identification tools with removal
of inhibitory regulatory T cell epitopes for neo-epitope ranking and
personalized cancer vaccine design. BLCA patients were separated
based on median TMB or neo-epitope burdens. We investigated the
effect of integrating both CD8 and CD4 neo-epitope burdens as most
mutanome pipelines exclusively focus on the identification of Class |
neo-epitopes. Overall survival was analyzed using the Kaplan-Meier
method and differences analyzed by log-rank testing.

Results

Compared to low TMB, high TMB was significantly associated with
improved survival (p = 0.0001, difference of 38.5 months in median
survival, Figure 1). Improved differentiation of median survival times
was obtained when separating patients based on their Class | neo-
epitope content, as estimated by Ancer™ (p < 0.0001, difference of
59.8 months in median survival). Adding Class Il neo-epitope burden
further increased separation of OS times, showcased by a 69.6-month
increase in median survival for BLCA patients with both high CD8
and high CD4 neo-epitope contents compared to other patients (p =
0.0001). Since we discovered that Class Il neo-epitopes can induce in-
hibitory responses, we further evaluated whether the screening of
these detrimental sequences could improve our analysis. Upon iden-
tifying Class Il neo-epitopes likely to induce T effector (Teff) re-
sponses, we found that the median survival of patients with high
CD8 and high CD4 Teff contents was extended by nearly 4 months
to 73.4 months compared, to the remainder of the cohort (p <
0.0001, Figure 2).

Conclusions

Our analysis suggests that optimal host-immune recognition of
CD8+, CD4+, and Treg epitopes plays a key role in cancer sur-
vival. While defining CD8 neo-epitope burden enhanced associa-
tions with OS, the inclusion of CD4 Teff neo-epitope burden
substantially helped identify long-term survivors. These results
suggest that defining the number of true neo-epitopes using
Ancer™ may represent a novel prognostic or predictive
biomarker.
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Background

During clinical trial immune monitoring, especially in the field of im-
munotherapy, it is critical to collect in-depth phenotypic information
from multiple immune cell populations in order to assess the biological
activity of the immunotherapy, to identify biomarkers of response or
progression, and/or to identify new drug targets. However, patient sam-
ples, for example peripheral blood mononuclear cells (PBMC) or tissues,
are often only available in small amounts and current methods face
limitations in either depth of analysis and/or cell throughput.

Methods

In order to identify therapy-relevant antigens and to facilitate a concur-
rent in-depth characterization of cells directed towards these targets,
immunoSCAPE leverages the high-dimensional immune profiling cap-
abilities of cytometry by time of flight (CyTOF) and a unique method-
ology allowing the identification and characterization of rare antigen-
specific T-cell subsets (targetSCAPE). By implementing a new technol-
ogy (ultraSCAPE) that combines flow and mass cytometry together with
a combinatorial live cell barcoding strategy, we further increased the
high-dimensional phenotyping capacities to over 100 different marker
molecules through simultaneous in-depth profiling of up to three add-
itional immune cell subsets from the same sample.

Results

We isolated 4 different immune cell populations from a single sample
and combined 3 different phenotypic panels consisting of 35 makers
each together with a combinatorial tetramer multiplex and phenotyp-
ing panel for deep profiling of myeloid cells, NK cells, B cells and T cells.
We demonstrate the potential of this novel immuno-phenotyping
method, by tracking virus-specific T cells while simultaneously charac-
terizing 4 immune cell subsets with over 100 distinct phenotypic


alessandra.nardin@immunoscape.com

Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):282

markers from a single sample, which is currently impossible employing
modern flow cytometers or classical mass cytometry methods.
Conclusions

With its ability to provide an unprecedented picture of the immune
status within a single sample, including T cell specificity information
and in depth profiling of relevant immune cell subsets, ultraSCAPE in
combination with targetSCAPE can provide detailed insights on the
effects of immunotherapy on the immune cell population. Informa-
tion learned from in-depth immune phenotyping of several immune
cell subsets such as T, NK and myeloid cell subsets can be leveraged
for the development of novel diagnostics, for biomarker discovery
and for monitoring therapeutic strategies in immunotherapy.
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Background

The highly complex population of peptides associated with human
leucocyte antigens (HLA) is the human immunopeptidome. Compre-
hensive characterization of the immunopeptidome is key in predict-
ing immunotherapeutic responses by evaluating targets of T cell
interaction and in developing the next generation of cancer im-
munotherapies. Mass spectrometry (MS) is a technology that holds
significant promise for untargeted and complete identification of the
immunopeptidome. MS acquisition is mainly used an electrospray
ionization (ESI) combined with nanoflow liquid chromatography (LC).
However, the analysis time and retention reproducibility could be is-
sues. Therefore, we tried to develop an MS platform that can ensure
the coverage while increasing throughput using a microflow LC.
Methods

HLA class | complexes were purified from A431 cell lysate by W6/32 im-
munoaffinity. Purified HLA peptides were eluted with 5% formic acid.
The peptides were fractionated by 10 kDa ultrafiltration. HLA peptides
were separated with L-column2 ODS (0.3x150 mm) using a trap-elute
protocol of microflow LC (Nexera-Mikros) and quadrupole time-of-flight
MS (LCMS-9030). Flow rate was set at 5 pl/min with a gradient of aceto-
nitrile in 0.1% formic acid for 18 min. MS/MS spectra were acquired
using a data-dependent manner of top-10 precursor intensities. The
precursor scan was first set from 400 to 600 Da. The charge states of
precursors were set between 1 to 4, and MS/MS scan was from 200 to
1200 Da. The data were analyzed by Mascot proteome server and
PEAKS sequencing software on SwissProt database. The mass toler-
ances of precursors and fragments were set at 0.05 Da and 0.3 Da. Min-
imal peptide length was set to 8 amino acids.

Results

An initial round of optimizations was performed to establish optimal
parameters for immunopeptidome identifications. Using tryptic pep-
tides from A431 lysate, we optimized the 50-100 msec repeat of MS/
MS scanning, top-10 of data-dependent acquisitions per scan, 50 Da
scan range, 35V+10V spread of collision electrode voltage, and 3.0 kV
of electrospray voltage. These parameters were then applied for
identification of HLA-associated peptides from A431 cells. From this,
we identified 4,217 MS/MS and 801 sequences from 34,042 spectra.
Conclusions

From these data, we demonstrate that similar sensitivity can be suffi-
ciently achieved with microflow platform as has been demonstrated
preciously for nanoflow LC-MS. This has significant advantages in
terms of throughput, instrument maintenance, and widespread ap-
plicability. Our future directions are to determine whether cancer
neoepitopes identified by these approaches may be recognized and
therapeutically targeted by patient T cells.

Page 42 of 272

P77

Comprehensive profiling of tumor-immune interaction in anti-PD-1
treated melanoma patients reveals subject-specific tumor escape
mechanisms

Charles Abbott, PhD', Eric Levy, PhD', Rachel Pyke', Rena McClory',
Sekwon Jang, MD?, Richard Chen, PhD', Sean Boyle, PhD'

'Personalis, Menlo Park, CA, United States; “Inova, Fairfax, VA, United
States

Correspondence: Sean Boyle (sean.boyle@personalis.com)

Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):P77

Background

Checkpoint inhibitor therapy has demonstrated meaningful antitu-
mor activity for many patients, though the majority fail to achieve
complete response. Thus, it is of particular interest to identify bio-
markers and mechanisms that promote positive response to im-
munotherapy. In the present study, we apply our comprehensive
tumor immunogenomics platform (ImmunolD NeXT), integrating data
from the tumor, tumor microenvironment and immune system to
create a comprehensive biological signature of patient response to
therapy.

Methods

We characterized the immunogenomics of 52 unresectable, stage IlI/
IV melanoma patients who underwent anti-PD-1 therapy to assess
factors influencing response. RECIST criteria were used to evaluate
tumor response to therapy, with a median follow-up of 12 months.
For each patient, a single paired FFPE tumor and normal blood sam-
ple was collected and profiled using Personalis’ ImmunolD NeXT plat-
form; an augmented exome/transcriptome platform and analysis
pipeline, which produces comprehensive tumor mutation informa-
tion, gene expression quantification, neoantigen characterization,
HLA typing and LOH, TCR repertoire profiling and tumor microenvir-
onment profiling. Tumor molecular information was then analyzed
together with clinical outcome.

Results

Comprehensive profiling demonstrated that elevated pretreatment
neoantigen burden was predictive of response to PD-1 blockade, and
significantly associated with progression-free survival. Additionally,
we observed increased response to anti-PD-1 therapy in patients
with elevated pretreatment TCR clonality. Patients with high neoanti-
gen burden and TCR clonality that failed to achieve complete re-
sponse revealed potential resistance mechanisms to anti-PD-1
therapy. Specifically, we identified two patients with high expression
of IDO1 or CTLA4, which may facilitate PD-1-independent immune
escape. Additionally, we found two patients with antigen presenta-
tion machinery (APM) mutations. The first patient had independent
HLA-A and HLA-B mutations, likely leading to loss of surface expres-
sion of the proteins. In the second APM mutation patient we ob-
served a high frequency (80% AF) frameshift variant in B2M, which
potentially prevents proper HLA class | folding and antigen presenta-
tion. These APM mutations suggest reduced neoantigen presentation
in these patients, which are probable mechanisms for tumor escape.
By integrating neoantigen burden, HLA-LOH and APM mutational
data into a corrected neoantigen burden, we were able to increase
the predictive strength of this biomarker.

Conclusions

In summary, our comprehensive cancer immunogenomic analyses
demonstrate that genomic and immune profiling of pretreatment pa-
tient samples can identify biomarkers and resistance mechanisms to
immune checkpoint blockade, suggesting the potential efficacy of
these as an integrated biomarker to optimize anti-PD-1 therapy pa-
tient selection.
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Background

Tumor mutation burden (TMB) measures the number of somatic mutations
and is a positive predictive factor for response to immune-checkpoint in-
hibitors in multiple cancer types. While whole exome sequencing (WES) is
the gold standard for TMB measurement, it is not practical for routine use.
TMB values measured using targeted sequencing have been shown to
have good correlation with WES. However, during FFPE preservation, DNA
may undergo cytosine deamination, resulting in false C>T substitutions
and elevated TMB values. We have assessed the effect of DNA damage
and repair on TMB values using the Oncomine Tumor Mutation Load
Assay (OTMLA), a targeted next generation sequencing assay.

Methods

We measured TMB from 37 FFPE colon, lung, endometrial and gastric tu-
mors using the OTMLA panel on lon GeneStudio with 20ng of input DNA
from tumor only samples. The informatics workflow utilizes a custom vari-
ant calling and germline variant filtering algorithm to accurately estimate
somatic variants in tumor tissue. In parallel, TMB was measured by Whole
Exome Sequencing (WES) targeting 50Mb using 100ng of tumor and
matched normal DNA on a HiSeq X instrument. We examined factors
that affect OTMLA measurements: Deamination signature, degree of de-
amination and allele ratio identify DNA samples with high levels of dam-
age due to FFPE preservation. A Uracil-DNA glycosylase (UDG) repair step
was introduced to eliminate damaged targets and improve usable TMB
values of DNA from FFPE tumor tissue. At the variant level, samples with
high deamination scores were analyzed dynamically as a function of al-
lele frequency to study TMB values for correlation with WES.

Results

OTMLA TMB values showed good correlation with WES-derived TMB;
however ~10% of tumor DNA samples had high TMB and deamination
values outside the expected range. These samples were included as a
subset of samples tested with and without the UDG repair step. UDG
treatment decreased TMB and deamination scores, resulting in higher
correlation with WES TMB values. Some samples with very high de-
amination scores were unable to be rescued; however, TMB values in
samples with low deamination and minimal damage were not affected.
Conclusions

We show that deaminated cytosine bases can be enzymatically re-
moved by treatment with UDG. In a subset of FFPE samples tested,
UDG treatment was demonstrated to reduce the OTMLA estimated
SNP proportion consistent with deamination. This results in consist-
ent and effective reduction of C>T artifacts without affecting true
variants and can provide TMB values in a biologically relevant range.
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Background

The importance of tumor-host interactions during cancerogenesis
and metastatic progression has been now widely appreciated.
More recently, the impact of the tumor immune microenviron-
ment (TIME) to mold tumor evolution was convincingly
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demonstrated [1]. Solid tumors systemically reprogram the lung
unigue immune environment, dominated by intravascular neutro-
phil functions [2], to colonize this site. The concept of ‘oligopro-
gression’ has recently received mounting attention, due to its
relevance and because it represents an interesting in vivo model
to study TIME, although the specific mechanisms of oligometa-
static process are relatively underinvestigated [3, 4].

Methods

RNA sequencing was performed on a retrospective collection of tis-
sue samples from primary renal cell carcinoma, melanoma, and
NSCLC and paired lung oligometastases of untreated patients (Figure
1). Enrichment of tumor-related pathways and transcripts that reflect
the enrichment of immune cell subsets was assessed by single sam-
ple gene set enrichment analysis. Differentially expressed genes be-
tween primary tumors versus the corresponding lung metastases
were used for pathway analysis. Neutrophils extracellular traps (NETSs)
were revealed by immunofluorescence, assessing extracellular DNA
and citrullinated H4 histone co-localization and/or myeloperoxidase
[5]. Autophagy was assessed the CYTO-ID® kit [5].

Results

While tumor-related pathway enrichment differed mostly according
to the primary tumor histology, perturbations of immune-regulatory
pathways was observed during oligoprogression in the lung. Decon-
volution of immune cell subpopulations identified increased imma-
ture dendritic cells and reduced T cell abundance in oligometastatic
lesions. Strikingly, a large proportion of differentially modulated path-
ways were “immune” rather than “cancer-cell”-related. Core analysis
confirmed that the main transcriptomic network that is affected dur-
ing disease progression is immune-based, centered on a cross-link
between innate and adaptive immunity. Specifically, it was associ-
ated with decreased HLA, iCOS, IL-9, and IL-17 pathway activity and
downregulation of interferon signaling. During progression, we ob-
served coherent modulation of transcripts associated with NET gen-
eration, related to upregulation of key autophagic genes, to
competition of the HMGB1 molecule with CXCL12 and CXCR4 and
RAGE receptor (AGER) activation. Accordingly, NET expression was
strikingly more abundant in lung metastases than in primary tumors.
Conclusions

Our results identify evident molecular mechanisms associated with
suppression of the immune milieu during disease oligoprogression in
the lung across different tumors. They include innate-adaptive im-
mune dysfunction HLA-mediated, and interferon dysregulation asso-
ciated with neutrophil-mediated immune suppression. Since these
tumors are targeted by immune checkpoint blockade (ICB) our data
highlights the relevance of characterizing the TIME composition in
paired primary and oligometastatic lesions during ICB treatment to
optimize treatment approaches.
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Background

The benefit of checkpoint blockade in advanced gastric cancer
is limited and patient selection biomarkers are needed. In a ran-
domized phase 2 study in >=2nd line advanced gastroesopha-
geal adenocarcinoma (GEA) cancer in Europe, US and Australia,
there was no clinical benefit for the addition of andecaliximab
to nivolumab in the total population or evaluated subgroups
(including PD-L1) [1,2]. Pharmacodynamic analyses demon-
strated little to no impact of andecaliximab [3]. This exploratory
biomarker analysis included all patients as a nivolumab-treated
population.

Methods

Evaluation of archival tumor tissue was described [2,3]. Tumor muta-
tion burden (TMB) was evaluated by whole exome sequencing with
matched normal. Survival analyses (cox proportional hazards) were
adjusted for age and sex.
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Results

Overall survival (N=141, median 6.05 months) was not associated
with PD-L1 positive (>=1% tumor or tumor+immune cells)/nega-
tive, diffuse/non-diffuse, gastric/gastroesophageal, prior therapy
(median=2), tumor IFNgamma signature or CD8+ tumor infiltrate.
Differential gene expression analysis identified GRB7, a down-
stream mediator of HER2 signaling and part of the HER2/ERBB2
amplicon in breast cancer [4], as one of two genes associated
with survival >1 year (FDR=0.027). HER2-positivity (medical record)
was associated with a 3.5-fold higher median expression of GRB7.
Prolonged survival was associated with both HER2-positivity (n=
43/132; HR=0.58, p=0.01) and the top quartile of GRB7 expression
(n=25/94; HR=0.48, p=0.007). The median survival for HER2-
positive patients was 10.1 months versus 5.95 months for HER2-
negative. HER2 status was not associated with PD-L1 status or
CD8+ infiltrate. Nearly all HER2-positive (n=40/43) and 2 HER2-
negative patients received trastuzumab (median 62 days post-
trastuzumab). Prior or best response was not related to 1 year survival
and 2 of 3 HER2-positive patients that did not receive trastuzumab had
>1 year survival. TMB was also evaluated and significantly associated
with HER2-positivity (N=61, p=0.041). In the subset of 61 patients with
TMB data, patients with high TMB plus HER2-positivity had the longest
median survival of 15.4 months compared to all other patients at 6.7
months (N=14 vs 47; HR=0.47; p=0.04).

Conclusions

HER2 was associated with improved survival with checkpoint
blockade in advanced GEA patients, regardless of response to
prior trastuzumab. This study was limited by the lack of pre-
treatment biopsies, but consistent with a recent report on Asian
GEA patients [5]. The combination of HER2-positivity and relatively
higher TMB in a limited dataset led to the greatest observed me-
dian survival time, suggesting an interaction between HER2 and
TMB that warrants exploration in future GEA studies involving
checkpoint inhibition.
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Background

Tumor mutational burden (TMB) is emerging as a potential predictor
of response to immunotherapy in various tumor types. However, the
association of TMB data with clinical, demographic, genomic, and
treatment characteristics warrants further investigation.

Methods

Nine U.S. Comprehensive Cancer Centers participated in this observa-
tional, cohort study; five centers are members of the Oncology Re-
search Information Exchange Network (ORIEN). Adult patients with
stage IV non-small cell lung cancer (NSCLC) with tissue-based TMB
data from any testing platform were included and their treatment in-
formation was abstracted using a standardized case report form.
TMB reporting ranged from September 2014 through March 2019.
TMB-High and TMB-Low were defined as >10 mutations/megabase
(mut/Mb) and <10 mut/Mb, respectively. Clinical, demographic, gen-
omic, and treatment characteristics were compared by TMB level.
Results

There were 426 patients enrolled in the study across seven of the
nine sites. TMB results from comprehensive genomic profiling (CGP)
were available for 354 patients. CGP vendors included Foundation
Medicine (79.9%), Caris Life Sciences (17.0%), Tempus (2.8%), and
NantHealth (0.3%). The median time from diagnosis to CGP testing
was 45 days. A comparison of clinical and demographic characteris-
tics by TMB is presented in Table 1. TMB-High status was associated
with male gender (p<0.01), and positive smoking history (p<0.01). No
correlation was found between TMB and PD-L1 (Table 2). TMB-High
was positively associated with multiple oncogenes including STK11,
LRP1B, TP53, and KDM5C (Table 2). In addition, there were significant
negative associations between TMB-High and individual occurrences
of altered ALK (p=0.03), EGFR (p<0.01), and ROS1 (p=0.03). The pro-
portion of patients receiving first-line immunotherapy increased
yearly from 8.5% in 2015, 19% in 2016, 40% in 2017, and 46% in
2018.

Conclusions

These interim results demonstrate the feasibility of conducting multi-
site observational electronic health record-based studies with CGP
and TMB across a national cohort of comprehensive cancer centers.
Immunotherapy utilization has been increasing in the first-line set-
ting. Associations between TMB status and driver mutations are indi-
cative of cancer etiology and informative for treatment decision-
making. Updated results will be presented with an expanded cohort
of patients and future publications with the final cohort (n~1000) will
explore treatment, survival and response data.
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Table 1 (abstract P81). Associations between TMB and Baseline
Characteristics

TMB<10 mut/Mb TMB>=10 mut/Mb

N =188 (53.1%) N = 166 (46.9%) (PEilie
Age and Gender
Median age in years (IQR) 63 (56-71.5) 64 (59-72) 0.311
Female, n (%) 119 (63.3) 78 (47.0) <0.01*
Race, n (%)
Caucasian 113 (60.1) 114 (68.7)
African American/Black 11(5.9) 22(13.3)
Asian 13 (6.9) 5(3.0) GiEs
Hispanic 9(4.8) 6(3.6) :
Other 6(3.2) 5(3.0)
Unknown 36(19.1) 14 (8.4)
Median BMI (IQR) 24.7 (21.2-28.9) 24.9 (21.6-29.3) 0.831
Smoking history, n (%)
Current Smoker 23(12.2) 56 (33.7)
Former Smoker 94 (50.0) 97 (58.4) <0.01°
Never Smoker 67 (35.6) 9(5.4)
Comorbidities, n (%)
Asthma 5(2.7) 7(4.2) 0.42*
Cerebrovascular diseases
(i.e. stroke) 5(2.7) 13(7.8) 0.03*
Chronic pulmonary disease 19(10.1) 25 (15.1) 0.16*
Diabetes 15 (8.0) 26 (15.7) 0.02*
Emphysema 6(3.2) 7(4.2) 0.61*
Hepatitis C 5(2.7) 5(3.0) 0.84°
Myocardial infarction 5(2.7) 6(3.6) 0.61*
Peripheral vascular disease 4(2.1) 11 (6.6) 0.04*
Pneumonia 10 (5.3) 5(3.0) 0.28*
ECOG performance status at diagnosis, n (%)
0 36(19.2) 15(9.2)
1 71(37.8) 70 (42.7) -
2+ 26(13.8) 29(17.7) :
Unknown 55(29.3) 53 (31.9)
Type of NSCLC, n (%)
Adenocarcinoma 153 (80.5) 130(78.3)
Squamous cell carcinoma 21(11.1) 24 (14.5) 0.68*
Large cell carcinoma 4(2.1) 5(3.0) .
Not otherwise specified 10(5.3) 7(4.2)
Stage of NSCLC, n (%)
IVA 92(49.2) 72 (43.4)
IVB 39(20.9) 21(12.7) 0.01
v 56 (30.0) 73 (44.0)

Table 2 (abstract P81). Associations between TMB and Select
Oncogene Mutations

TMB, mut/Mb TMB, mut/Mb®
N (%) . N (%) .
<10 ST el S 6-19 520 |Pvalue
N=188 | N=166 N=114 | N=184 | N=56
msTK1L(N=42) | 10(53) | 32(193) | | 6(s.3) [25013.6) [110196) |
WSTK11 (N=312) [178(94.7)] 134(80.7) | ~>°" [108(94.7)] 150 (86.4) | 45(80.4) | -
mlRPIB (N=18) | 2(1.1) | 16(96) | | 2(18) | 3(1e) |13(32)|
WELRP1B (N=336) 186 (98.9)] 150(90.4) | ~ " [112(98.3)]181(98.4) | 43(76.8) |
mKRAS (N=83) | 36(192)| 47(283) | _"119(167) | a8(261) | l6(286) |
WKRAS (N=271) [152 (809)] 119 (71.7) | - 95 (83.3) | 136 (73.9)| 40(71.4) | -
mTP53 (N=169) | 62(33.0) | 107(645) | _ [ 25(a19) | 99(s338) | 45(804) |
ATPS3 (N=185) |126 (67.0)] 59 (35.5) O [8o(78.1) | 85(46.2) | 11(196) |
mKDMSC(N=7) | 1(05) | 6(3:6) | oo | 00 | 3(e) | 4@ |
WtKDMSC (N=347)[187 (99.5)| 160(96.4) | | 114(100) | 181(98.4) | 52(92.9) | ~ -
PD-L1<1% (N=91) | 43 (22.9) | 48 (29.1) 22(30.1) | 49 (34.5) | 20(45.5)
T
;\‘D_;)(l 0% |4g(25.5)| 38(23.0) | 044 |33(a52) | 41(289) | 12(27.3) | 0.07
PD-L1>50% (N=82)| 39 (20.7) | 43 (26.1) 18(24.7) | 52(366) | 12(27.3)
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Background

The T-cell receptor (TCR) is responsible for recognizing antigens as
peptides bound to a major histocompatibility complex. TCRs typically
contain both an alpha (a) and beta () chain that contribute to anti-
gen specificity; however, we have seen multiple cases of a single cell
containing dual a or dual  chains as well. When analyzing bulk rep-
ertoires, information about endogenous pairing of a and/or 3 chains
is lost after bulk lysis of T-cell populations. Pairing a and B chains
from a single cell while also analyzing the phenotypic expression al-
lows us to track TCR specificity and T cell function. This information
can provide direct calculations of clonal frequency in various cell sub-
sets, allow tracking of specific lymphocytes with treatment, and reveal
paired information for both chains of the receptor for downstream Car-
T development.

Methods

Here, we developed a method for high-throughput pairing of TCR a
and (3 chains along with expression profiling. We examined, on aver-
age, around 15,000 CD4+ cells loaded onto the BD Rhapsody Express
system. The receptor information is amplified from the same cDNA
using iRepertoire’s proprietary method that incorporates a multiplex
mix of primers associated with both the TCR a and B loci; phenotyp-
ing of the cell is obtained using the BD Rhapsody RNA-seq kit. Along-
side the high throughput data, we also performed FACS-based single
cell sequencing on the same individual’s samples through our iPair
method (presented previously) and examined the overlapping recep-
tor sequences between both methods.

Results

With this mid throughput method, we are able to accurately assess
the frequency of single cells containing dual alpha or dual beta TCRs,
which can help to evaluate the high throughput data.

Conclusions

The described high throughput application should be applicable to
any oligo-dT based single cell strategy.
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Background

Therapeutic response to immune checkpoint inhibitors (ICls) requires
a prior, suppressed immune response that is released via the inter-
action of the checkpoint receptors with their cognate ligands. Micro-
satellite instability (MSI) and tumor mutation burden (TMB) have
emerged as composite genomic metrics that may better predict pa-
tient response to ICI treatment, compared to conventional PD-L1 ex-
pression. However, testing for MSI and TMB separately is labor
intensive, increases turnaround time, and consumes valuable tumor
tissue samples. Furthermore, recent studies have demonstrated that
antigen presentation mechanisms may also play a role in predicting
outcomes, wherein loss of heterozygosity in MHC class | genes (LOH-
MHC) suggests low likelihood of ICl benefit.

Methods

Here, we propose that these varied immune-oncology metrics can be
measured together in a single assay, utilizing next-generation se-
quencing (NGS) technologies. To test this hypothesis, we analyzed
>200 pan-cancer FFPE tumor tissue samples using the PGDx elio™ tis-
sue complete assay (currently in development; >500 genes panel) to
measure MSI, determine TMB (across 1.3 Mb), and assess MHC status
in a single assay. Detection of MSI was assessed for accuracy against
a validated PCR approach and TMB determination from our targeted
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panel was compared to whole-exome sequencing (WES) derived
TMB. LOH-MHC status reported from PGDx elio tissue complete was
compared to MHC status determined by WES for accuracy. Addition-
ally, TMB and MHC status were analyzed together in FFPE samples
from ICl treated patients and correlated to clinical outcomes.

Results

115 pan-cancer samples were analyzed for microsatellite status and
demonstrated an overall agreement of 100.0% with a PCR-based
method. TMB was determined in 118 pan-cancer samples and dis-
played a high level of concordance with WES-derived TMB (Pearson
correlation, p=0.903) across a range of TMB scores (0.2-89.7 muts/
Mbp). FFPE tissue samples from 98 cancer patients previously treated
with ICls were then tested for LOH-MHC and demonstrated 88% ac-
curacy of detection when compared to WES. Furthermore, analysis of
TMB and MHC status in tandem found that patients with both high
TMB and normal MHC status were found to have a significantly
higher PFS, suggesting greater efficacy of ICI therapy.

Conclusions

These data demonstrate the feasibility of measuring MSI, TMB, and
evaluating LOH-MHC with high accuracy in a single >500 gene NGS
assay. Additionally, the results presented herein suggest that measur-
ing TMB and MHC status concurrently can provide added utility in
predicting patient response to ICl therapy.
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Background

Tumor mutational burden (TMB) has been emerging as a relatively
new biomarker that is independent of PDL1 for the prediction of re-
sponse to the immune checkpoint inhibitor (ICl) treatment. A recent
study has shown that whole exome sequencing (WES)-derived TMB
correlates well panel-derived TMB that is estimated using targeted
sequencing. Here, we evaluate the correlation between panel-
derived TMB with response to ICI treatment in gastrointestinal
cancers.

Methods

FFPE tumor and normal tissues from 18 patients with gastrointestinal
cancers who had previously received ICl therapy at Taipei Veterans Gen-
eral Hospital were retrospectively underwent targeted next-generation
sequencing (ACTOncoTM) for the identification of somatic variants across
440 genes and the calculation of TMB. NetMHC and IEDB were used to
predict neopeptide bound to patient-specific HLA class one genotype.
RECIST criteria were used to categorize tumor response.

Results

Patients were grouped into responder (PR or CR, n=10) and non-
responder (PD or SD, n=7). Among all patients, responders had sig-
nificantly higher TMB than non-responders (mean 7.37 muts/Mb vs.
1.24 muts/Mb, p=0.0007). The number of predicted neopeptides
were significantly higher in responders than in non-responders
(mean 10.8 vs. 3.6, p=0.0226). Notably, a non-responder harboring
EGFR gain-of-function mutation did not respond to the ICl treatment
despite high TMB. Furthermore, patients harboring MUC16 mutation
demonstrated higher TMB than patients without MUC16 mutation
(mean 17.38 muts/Mb vs. 3.9 muts/Mb, p=0.0005) (Figure 1).
Conclusions

Although the cohort size is small, our study showed that panel-based
TMB is predictive of response to ICl. As in lung cancers, EGFR muta-
tion is associated with decreased efficacy of ICl in the Gl cancers.
Ethics Approval

The study was approved by TPEVGH intuition’s Ethics Board, approval
number 2015-07-002BC.
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Background

Next-generation sequencing (NGS) is being applied to support routine
clinical research in oncology with a primary focus on evaluating known
oncogenic variants. However, the advent of cancer immunotherapies
requires that clinical research solutions must also address biomarkers
such as Tumor Mutational Burden (TMB) and Microsatellite Instability
(MSI) for immune checkpoint inhibitors. Therefore, we developed a re-
search use NGS solution for FFPE tissues that expanded upon our
current Oncomine Tumor Mutation Load Assay by measuring bio-
markers for both targeted and immune checkpoint therapies.

Methods

Gene content was prioritized based on the relevance and variant
prevalence of biomarkers in solid tumors. Additional genomic regions
were added to supplement the coding sequence footprint to support
TMB. The assay used lon AmpliSeq™ technology with automated
templating on the lon Chef™ system and sequencing on the lon Gen-
eStudio™ S5 sequencing platform. An automated tumor-only work-
flow for variant calling, TMB and MSI estimation and sample quality
reporting was provided within lon Reporter Software. Decision sup-
port tools were used for variant interpretation and evaluation of po-
tential variant relevance.

Results

Over 500 genes with known DNA and RNA alterations were included.
The panel has broad capability for variant calling, fusion detection,
MSI status, in addition to TMB. Specifically, for TMB, DNA repair path-
ways were comprehensively represented as alterations in these
genes may lead to high mutation burden. A coding sequence foot-
print to support TMB was generated. In development studies, the
assay displayed high uniformity and consistent read depth to sup-
port robust variant calling. The automated workflow required min-
imal input of FFPE tumor only DNA and RNA material. Sample to
report turnaround time was less than five days. In-silico assessment
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of TMB using publicly available whole-exome cancer sequencing data
resulted in high correlation (R2 = 0.902, 0-40 mutations/Mb) and was
parallel to the performance of our existing Oncomine Tumor Muta-
tion Load Assay (R2 = 0.901, 0-40 mutations/Mb). Empirical analysis
and performance of the assay on a common set of cell lines based
on a universal reference standard also resulted in a positive
correlation.

Conclusions

A larger tumor only NGS assay was developed to support compre-
hensive genomic profiling and routine clinical research in oncology.
The assay design and informatics workflow support characterization
of mutational signatures and provide normalized TMB estimates. Min-
imal input material requirement and rapid sample to report time will
have a high impact on clinical research. More detailed information
on the assay and an update on performance will be presented.
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Background

While cancer checkpoint inhibitors have garnered much attention
due to their ability to generate durable responses and improved sur-
vival, the actual number of patients who are eligible for, receive
treatment with, and respond to these therapies remains modest [1].
This is driven by a dependency on legacy diagnostics, built on
single-analyte biomarkers such as PD-L1, which have failed to cap-
ture the complexity of disease [2]. Even in the case of non-small cell
lung cancer (NSCLC), an indication where the benefit of 10 therapies
is considered significant, there is much to be learned about the biol-
ogy of the patients who respond, or do not respond to these
therapies.

Methods

Multidimensional RNA models have emerged to move beyond
these legacy methods to reveal the full scope of disease com-
plexity, resulting in increased predictive accuracy. Leveraging a
database of gene expression models built using Predictive Im-
mune Modeling, immune context of the tumor microenvironment
is quantified. In this study, a cohort of NSCLC patients who re-
ceived second-line immunotherapies (checkpoint inhibitors) were
evaluated retrospectively. Pre-treatment solid tumor FFPE tissue
samples were processed using the ImmunoPrism immune profil-
ing assay to generate comprehensive, individual immune profiles.
Pathological, demographic, and survival data (including overall
survival and progression-free survival, indicative of therapy re-
sponse), was used to group patients for predictive biomarker
discovery.

Results

Individual immune profiles of the patients are compared, both within
and between relevant cohorts, and statistically-significant biological
signals are reported. Machine-learning derived multidimensional
biomarkers were also generated, which are defined by the optimal
combination of all analytes measured in the assay, enabling improve-
ments in predictive accuracy. This study represents the first data
generated using the ImmunoPrism assay with patients receiving
checkpoint inhibitor therapies.

Conclusions

Predictive Immune Modeling enables us to build multidimensional
models of disease. When combined with well-curated patient co-
horts, such as the NSCLC patients described here, predictive bio-
markers may developed which capture more facets of the complex
immune contexture than previously possible.
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Background

Next generation sequencing of the immune repertoire is a com-
prehensive immune profiling methodology that allows detailed,
sequence-specific insight into the adaptive immune response.
While immune repertoire analysis of bulk RNA typically focuses
on a single receptor chain, understanding of the variable rear-
rangements of the immune repertoire as a whole provides a
broader view of the immune landscape with potential prognostic
value. This is accomplished through the study of all seven TCR
and BCR chains together (i.e, TCR-alpha, TCR-beta, TCR-delta,
TCR-gamma, and BCR-IgK and -IgL). One of the key challenges
during immune receptor amplification is the formation of dimers,
which can compete with the immune amplicons of interest dur-
ing library preparation.

Methods

We therefore developed a novel PCR technique, dimer avoided multi-
plex PCR (dam-PCR), that effectively avoids dimer formation during
PCR and incorporates unique molecular identifiers for direct RNA
quantification and error removal. With one sample, dam-PCR allows
for the amplification of all seven TCR and BCR loci in a single, quanti-
tative multiplex reaction. Here, we apply this method to the amplifi-
cation of both PBMC and FFPE RNA from renal cancer patients
undergoing treatment.

Results

We found that both TCR-alpha and -beta diversity prior to treatment
along with the expression ratio between B cells and T cells are good
predictors of treatment efficacy.

Conclusions

Our study suggests that examining multi-chain immune reper-
toire composition can be valuable for predicting treatment re-
sponse and evaluating treatment protocols. Additionally, this
method shows promise for future applications in both clinical
settings and basic research, as it allows for a cost effective, all-
inclusive, and quantitative immune-profiling analysis of immune
repertoires from a range of sample types, including FFPE, where
sample RNA may be both limited in quantity and degraded in
quality.

Ethics Approval

This study was approved by the University of University of Pittsbur-
gh's Ethics Board.
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Background

Comprehensive genomic profiling using next-generation sequencing
(NGS) has become an essential tool to support routine clinical research
in oncology. Advent of cancer immunotherapies also requires assess-
ment of immune checkpoint inhibitor biomarkers such as microsatellite
instability (MSI) and tumor mutational burden (TMB).

MSI arises from defects in the mismatch repair (MMR) system and is as-
sociated with hypermutability of short DNA sequence repeats, micro-
satellite locations, throughout the genome. Such defects are commonly
observed in colorectal, gastric and endometrial cancers and have been
shown to be predictive of response to immunotherapy treatment. Trad-
itionally MSI testing has been done using single biomarker tests such
as PCR/fragment analysis or immunohistochemistry (IHC) that require
high sample input and are time consuming. Therefore, we developed
an RUO NGS solution appropriate for FFPE tissues that addresses bio-
markers for targeted and immune checkpoint therapies.

Methods

The performance of our RUO NGS based MSI approach was tested in
the context of a large lon AmpliSeq™ panel composed of more than
13,000 amplicons covering 500+ genes. The content includes a di-
verse set of microsatellite markers targeting MSI locations comprised
of mono- and di-nucleotide repeats that range from 7 to 34 bp. Se-
quencing was carried out on the lon 550™ chip and the lon GeneStu-
dio™ S5 system. In-sample standards were designed and
incorporated as internal references utilized by the analysis pipeline
and a novel algorithm was developed that leverages the unique sig-
nal processing properties inherent in semi-conductor sequencing.
The test provides results for individual microsatellites and generates
an MSI score and status for the sample of interest.

Results

The performance of the MSI solution was tested using a set of over
400 FFPE and cell-line samples from different tissue types and
showed excellent concordance with orthogonal tests. We report on
the sensitivity and specificity of our tumor only approach and
propose ideas to utilize generated MSI score in combination with
other bio markers.

Conclusions

An NGS assay was developed to support comprehensive genomic
profiling and routine clinical research in oncology. The assay design
and unique informatics workflow support precise characterization of
mutational signatures and provides normalized MSI and TMB esti-
mates. The performance of the assay was verified over a large cohort
of colorectal, gastric and endometrial cancer samples with MSI status
independently assigned by orthogonal tests. [For Research use Only.
Not for use in diagnostic procedures]
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Background

The TYRO3, AXL and MERTK (TAM) receptor tyrosine kinase
(RTK) family have been associated with a number of human
cancers, including melanoma.[1-3] Effects attributed to oncogen-
esis and metastasis (epithelial-to-mesenchymal transition) of the
TAM receptors have been described.[2] Recent evidence correl-
ating obesity with a paradoxical improved response to immuno-
therapy in melanoma suggests both tumor microenvironment
and clinical phenotype play a role in response.[4] Therefore, we
sought to build a predictive model of response to therapy from
biomarkers, using TAM receptors and conventional markers of
checkpoint inhibition such as PD-1. This model was tested in
the normal weight, overweight and obese populations.

Methods

TCGA-SKCM melanoma tumor mRNA expression and clinical data for
metastatic melanoma patients were downloaded from the GDC legacy
archive (https://portal.gdc.cancer.gov/legacy-archive) (n = 471).[5] Bio-
markers were defined as “high” or “low” expression in each patient. Dif-
ferences in Kaplan-Meier survival curves based on level of expression
were tested using G-rho family tests. Strength of relationships between
biomarkers were measured using Pearson’s correlation. All statistical
analysis were performed using R package “survival”.

Results

Normal weight, overweight and obese patients had markedly dif-
ferent biomarker profiles associated with survival (Figure 1). In
the normal weight population, high CD8 (p=0.0093), PD1 (p=
0.0093) and CD84 (p=0.022) were associated with improved sur-
vival. In the overweight population, high CD8 (p=0.0098), PD1
(p=0.0004) and CD84 (p=0.0081) were associated with improved
survival, while high Gas6 (p=0.029) and MERTK (p=0.043) were as-
sociated with decreased survival. And in the obese population,
high AXL expression was associated with improved survival (p=
0.004), while CD8 (p=0.91) and PD1 (p=0.89) demonstrated no as-
sociation. In correlation analysis, AXL expression was most closely
associated with macrophage markers CD163 (r=0.52), CD84(r=
0.56) and MS4A4A(r=0.53) in the obese but not the normal
weight population.

Conclusions

Taken together, these data suggest that immunologic response
in metastatic melanoma patients is driven by separate immune
profiles for obese and non-obese populations. AXL appears to
mediate response in the obese population by a macrophage-
driven mechanism as opposed to T cell mediation. Collectively,
the significant differences in the transcriptomic profiles between
obese and non-obese patients suggest potential clinical implica-
tions regarding targets for treatment and application to patients
based on clinical phenotype.
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Background

Tumors often do not respond to PD-1/PD-L1 axis inhibitors due to im-
mune escape mechanisms present in the tumor microenvironment. Bi-
functional antibody-based immunotherapies that simultaneously target
immune checkpoints and immunosuppressive cells are being devel-
oped to slow tumor growth. Anti-PD-L1/ TGF-( trap fusion proteins are
one approach being tested to counter the traditional immune check-
point inhibition via PD-1/PD-L1 axes and simultaneously inhibit the
pro-tumor/anti-inflammatory effects of TGF-B. In this study, we not only
describe the tumor immune microenvironment of tumors expressing
PD-L1 and TGF-B, but also describe potential patient selection strat-
egies based on gene expression measurements of these tumor im-
mune microenvironments from clinical samples.

Methods

RNA-seq was performed for 395 immune transcripts on 1323 FFPE tu-
mors of diverse histologies. To find true TGF-B high expressing tu-
mors, TGF-B gene expression was normalized by a tumor
inflammatory score (average expression rank of 161 inflammation
genes derived from co-expression signature of 1323 tumors spanning
35 tumor histologies). Proportion of PD-L1 IHC positive, tumor muta-
tional burden (TMB) high and cell proliferation categories was esti-
mated for TGF-B high expressing tumors. Inclusion and exclusion
criteria were developed based on PD-L1 and normalized TGF-3
expression.
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Results

Gene expression revealed varying degrees of TGF-B high tumors
in all tumor types studied. Sarcoma, pancreatic cancer and breast
cancer had the highest proportion of TGF-B high tumors. Within
these TGF-B high tumors, 41% were PD-L1 IHC+ (TPS>1%), and
28% were TMB-high. 11% (n=147/1323) tumors were both TGF-f3
high and PD-L1 high making these tumor microenvironments
ideal for a potential PD-L1/TGF- trap treatment. Interestingly,
47% (n=69/147) of these tumors presented with strong/moderate
inflammation, with 53% (n=78/147) being non-inflamed tumors.
Conversely, there were 11.7% (n=155/1323) tumors that were
TGF-B low and PD-L1 low presenting suboptimal tumor micro-
environment for a potential treatment. Notably, only 26% (n=40/
155) of these tumors presented with strong/moderate inflamma-
tion with clear majority (74%; n=115/155) being strongly or mod-
erately inflamed tumors.

Conclusions

This large clinically tested tumor cohort suggests an immune
phenotype of potentially PD-L1/TGF-f trap responsive tumors ex-
ists across multiple histologies. PD-L1/TGF-B high tumors have
distinct immune profiles compared to PD-L1/TGF-B low tumors. A
clinical immune gene expression assay described in this study
could not only improve patient selection for anti-PD-L1/TGF-f3
trap treatment, but for other bi-specific fusion protein based
immunotherapies.

Ethics Approval

De-identified specimens and data were analyzed by OmniSeq under
IRB approved protocol BDR 080316 (Roswell Park Comprehensive
Cancer Center, Buffalo, NY).
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Background

RNA sequencing (RNA-seq) provides hypothesis-free profiling of
transcript levels and isoforms. This profiling captures a compre-
hensive view of the peripheral immune system or the tumor
microenvironment. The resulting profiles can be wused to
characterize differential gene expression patterns that can further
the understanding of the immune system. To further enable
these types of studies we have developed a highly cost-effective,
nanoliter-volume microfluidics-based workflow and chemistry
compatible with Illumina® sequencing instruments to simultan-
eously generate RNA-seq libraries from up to 48 samples. This
method fully automates solid-phase capture of polyadenylated
RNA, reverse transcription, and index PCR within a compact nano-
scale integrated fluidic circuit (IFC) on our Juno™ system. The
workflow includes reagents necessary to generate full-length,
random-primed RNA-seq libraries from as little as 10 ng of total
RNA, while preserving strandedness information.

Methods

Multiple replicates of 10 ng and 100 ng of total RNA from con-
trol samples spiked with ERCC RNA Spike-In Mixes were used to
prepare RNA-seq library using the Advanta™ RNA-Seq NGS Library
Prep Kit. The performance was compared to a conventional li-
brary preparation kit. We also used our platform to profile total
RNA purified from FACS-sorted CD3+, CD8+, CD28-, and CD25+/
hi T suppressor cells.
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Results

RNA-seq libraries from control RNAs at both 10 and 100 ng input
have less than 10% rRNA reads, replicate correlations greater
than 99%, and gene-level and transcript-level detection rates that
are highly concordant with a conventional library preparation kit.
Additionally, the data confirms comparable dynamic range and
linearity of response of the ERCC spike-in controls. Libraries pre-
pared from FACS-sorted T cells show differential expression pro-
files consistent with the expected patterns.

Conclusions

The Advanta RNA-Seq NGS Library Prep workflow simplifies the high-
throughput generation of RNA-seq libraries, significantly minimizing
hands-on time and costly reagent consumption, which will facilitate
the incorporation of RNA sequencing into the immune-oncology
research toolkit.

For Research Use Only. Not for use in diagnostic procedures.
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Background

Metastatic non-small cell lung cancer (NNSCLC) patients who receive
comprehensive genomic profiling (CGP) at diagnosis may be more
likely to receive optimal first line (1L) therapies than patients who re-
ceive panel testing (PT) with the enhanced ability to identify bio-
markers with associated therapies. The incremental survival benefits
of receiving optimal treatments following CGP testing at diagnosis
have yet to be estimated.

Methods

A Markov simulation model of biomarker testing and treatment
assignment for mNSCLC was built to estimate the survival out-
comes associated with CGP versus PT. Biomarkers identified with
PT were EGFR, ALK, ROS1, BRAF, and PD-L1 (>50%). All biomarker
tests were tested simultaneously using single gene testing or
assay. CGP, which employed Next-Generation Sequencing, identi-
fied all the above biomarker changes and estimated tumor muta-
tional burden (TMB). The model assumed that PD-L1 testing was
conducted together with CGP. Biomarker identification, except for
TMB and PD-L1, was assumed to be mutually exclusive and to
occur at published prevalence rates. Incremental false-negative
rates of each genetic test in PT relative to CGP were applied.
Treatment pathways followed NCCN guidelines and current pub-
lished clinical trial results. Key inputs and assumptions were
tested in sensitivity analyses.

Results

Patient overall survival for each biomarker test within each test-
ing strategy are shown in Table 1. Patients receiving CGP had
8.5% (1.4 months) longer survival on average than those who re-
ceived PT. Patients receiving CGP testing at presentation spent
more time on 1L therapies (40% vs. 33%), thereby less time on
2L therapies (23% vs. 26%) compared to patients receiving PT at
presentation.

Conclusions

CGP testing among mNSCLC patients at the time of diagnosis re-
sulted in survival gains in comparison to PT due to higher proportion
of patients receiving optimal 1L treatment.
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Background

The immune system has a substantial effect on the progression of
colon cancer. Typically, an immune response defined by a polarized
Th1 phenotype, characterized by expression of chemokine-receptor
ligands, activation of interferon-stimulated genes, production of cyto-
toxic molecules by effector immune cells, and upregulation of im-
mune regulatory genes, has been associated with immune-mediated
tumor rejection. We have previously introduced a gene signature,
called Immunology Constant of Rejection (ICR), that reflects these im-
mune components.[1-4] This signature was able to differentiate quite
well the patients with an active immune environment and improved
survival vs those who did not[5].

Virtually, all correlative analyses integrating exome and transcrip-
tomic data in colon cancer based on publicly available date use the
TCGA cohort. Although it is broadly accepted that T-cell infiltration
influences prognosis in colon cancer[6], the association between
transcriptomic immune signature and patient survival could not be
observed in the TCGA colon cancer cohort. This is likely due to the
per protocol exclusion of samples with low tumor purity (i.e., higher
stromal/immune infiltration), as at that time TCGA consortium fo-
cused on defining cancer genetic makeup. To gain more insight into
the underlying mechanism of cancer tissue rejection by the immune
system in colon cancer, we build an extensive data repository from
high quality snap frozen colon cancer samples unbiased for tumor
purity.

Methods

RNA and DNA were isolated from a cohort of 366 colon cancer pa-
tients collected over the last decade at the University of Leiden Med-
ical Center (LUMC), Netherlands. Tissue sections flanking the
corresponding samples were hematoxylin- and eosin-stained. RNA-
seq (HiSeq4000) data was obtained using HISAT2 alignment[7] and
quantile normalized after GC-correction of the raw counts.[8] Whole
Exome Sequencing (WES) (>100X) was performed for normal and
cancer tissue (366 RNA-seq and 608 WES). T-cell repertoire was
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analyzed using Adaptive immunoSEQ in 125 samples. Tumor im-
mune phenotype classification was done using unsupervised consen-
sus clustering based on the expression of ICR genes.

Results

We have built one of the most extensive high-quality datasets for
immunogenomic alterations available so far in colon cancer. Our pre-
liminary data supports a positive impact of ICR gene expression in
colon cancer cohort: patients with a Th-1 polarized microenviron-
ment display better survival. Integrative analysis encompassing som-
atic mutation, copy number variations, and transcriptome is ongoing
and will be presented at the conference (Figure 1).

Conclusions

This newly generated immune centric NGS dataset, generated in
Qatar, will contribute dramatically to elucidating the genetic determi-
nants of immune responsiveness in cancer.
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Background

With the spread of usage of Immune checkpoint inhibitors (ICls), a certain
number of patients face discontinuation of ICls due to severe immune-
related adverse events (irAEs). Recently, some reports have shown en-
couraging efficacy among patients who discontinued ICls, leading to the
hypothesis that irAEs-experienced patients have strong and long-lasting
anti-cancer immune responses. So far, the molecular mechanisms of the
immune response, particularly for T cells that play pivotal roles in attack-
ing cancer cells, still remain unclear. Thus, characterization of T cell reper-
toire and immune signatures in peripheral blood mononuclear cells
(PBMCs) and tumors before and after ICls treatment should contribute to
better understanding of irAEs-related anti-cancer immune responses.
Methods

In this study, we collected PBMCs from 4 urological cancer patients,
before ICIs treatment and at the onset of severe irAEs. For 1 kidney
cancer patient who had long durable response after discontinuation
of ICls, we also collected metastatic tissue sample and applied a next
generation sequencing approach to characterize T cell receptor (TCR)
repertoires using RNAs isolated from tumors and PBMCs. We also
measured mRNA expression levels of immune-related genes in the
PBMCs of pre- and post-ICls treatment.

Results

We found that elevated transcriptional levels of CD3, CD4, CD8, GZMA,
PRF1, and FOXP3 along with high GZMA/CD3 and PRF1/CD3 ratio in the
peripheral blood at the onset of irAEs. TCR repertoire analysis revealed
drastic expansion of certain T cell clones in metastatic tissue after irAEs
(Figure 1). Interestingly, some of these abundant TCR clonotypes were
also increased in peripheral blood at the onset of irAEs (Figure 2).
Conclusions

Our findings revealed that a certain number of expanded- and irAEs-
related T cell clones in cancer tissue may also circulate systemically
and then attack tumor cells in distant regions, leading to durable re-
sponse in the patients with irAEs.
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Background

Elucidating biomarkers associated with immunotherapy response
and resistance will allow for better informed patient selection and
treatment decisions as well as enhanced drug development strategy.
Current biomarker strategies are based on cellular markers (eg, im-
munohistochemistry) or bulk molecular averages (eg, whole-exome
sequencing). However, there is limited ability to integrate cellular
and molecular data. Single-cell RNAseq (scRNAseq) is a promising
technology allowing for an unbiased analysis of the tumor microen-
viroment (TME) at cellular resolution. Despite the immense potential,
implementation of this technology in clinical trials has been limited
due to lack of methodologies applicable to clinically relevant speci-
mens such as core-needle biopsies (CNB). Here, we describe the de-
velopment of clinically applicable scRNAseq technology and analysis.
Methods

Treatment-naive commercially sourced tumor resections were used to gen-
erate ex-vivo CNB for scRNAseq analysis with 10X genomics. Post-clustering,
unsupervised cell-type identification was performed (SingleR), and down-
stream analyses were carried out (Seurat v2, custom R). Cells from multiple
patients/tumor types (endometrial, TNBC, NSCLC, ccRCC, gastrointestinal; n=
8), and healthy donors (peripheral blood mononuclear cells; n=3) were com-
bined, batch-corrected and aligned using canonical correlation analysis
(CCA); and differential gene expression was performed (MAST algorithm).
Results

CNB scRNAseq was optimized across 5 tumor types, and the resulting
data from ~43,000 cells allowed for the unbiased identification of
TME cellular components (stromal, epithelial, immune-cell subtypes).
The cellular resolution of this dataset allowed us to identify cell pop-
ulations with distinct gene signatures. For example, we identified 2
macrophage subclusters—a lung tumor-specific cluster and a tumor-
independent cluster. Lung-specific macrophages showed upregula-
tion of genes including SPP1, G0S2, RGCC, PHLDA1, and TREM. Differ-
ential gene expression analysis evaluated similarities and differences
between TME vs healthy PB cells and allowed for surrogate pharma-
codynamics marker assessment. In our analysis, 1197 genes were dif-
ferentially expressed; the most enriched genes in tumor-derived
monocytes included HSPA1A, IL8, APOE, and SPP1 whereas PB
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monocytes were enriched for genes including LGALS2, S100A12,
S100A9, AHNAK, and CSTA.

Conclusions

We have demonstrated the feasibility of scRNAseq from single CNB
through the development of protocols to enable identification of bio-
markers related to pharmacodynamics, therapeutic response, or disease
progression. Further, we have optimized the bioinformatics workflow to
derive meaningful biological insights from these scRNAseq datasets,
such as mechanisms involved in immune response or resistance that
are tumor extrinsic or intrinsic. Our pilot study sets the groundwork to
explore including scRNAseq in future prospective clinical studies.
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Background

The promise of immunotherapy has revealed the need for compre-
hensive profiling of the tumor and its immune microenvironment, in-
cluding analysis of the T-cell receptor (TCR) repertoire. To address
this challenge, we developed ImmunolD NeXT to provide a more
comprehensive view of the tumor and tumor microenvironment
(TME) from limited FFPE tumor biopsies. This includes profiling both
the TCR alpha and beta chains. We show that ImmunolD NeXT accur-
ately and reproducibly profiles abundant clones and provides infor-
mation on the diversity of T-cells in tumor samples.

Methods

We first analyze the reproducibility of ImmunolD NeXT using repli-
cates of PBMCs. Then, we compare the concordance of clones from
ImmunolD NeXT to the top clones from a standalone TCR sequen-
cing approach. We also analyze the reproducibility of clones in
patient-derived FFPE samples, and compare to IHC quantification of
CD3+ cells to highlight the intra-sample heterogeneity of T-cell abun-
dance and diversity. We then analyze the clonal diversity of pre-
treatment tumor samples in a cohort of melanoma patients who
underwent PD-1 blockade. Finally, we use ImmunolD NeXT to profile
the clonal diversity across over 100 solid tumor samples.

Results

Abundances of clones shared between replicates of PBMC samples
have a very high concordance (R2>0.99 with both TRA and TRB).
Compared to the standalone TCR approach, we identify over 96% of
the top 1000 TRA clones, and over 99% of the top 1000 TRB clones,
both with highly concordant abundances (R2>0.95 and R2>0.94 in
TRA and TRB, respectively).

Subsequent curls of a tumor FFPE sample also have a high concord-
ance of clonal abundances (R2>0.89 and R2>0.91 in TRA and TRB, re-
spectively). TCR sequencing also provides a view of the clonal diversity
of T-cells in a sample, which is not available with quantification via IHC.
Finally, in a melanoma cohort, clonality based on either TRA or TRB is
significantly different in responders to checkpoint inhibition.
Conclusions

The ImmunolD NeXT platform can provide insight into the diversity
of the immune repertoire, highlighting the platform’s ability to pro-
vide comprehensive analysis of both the tumor and tumor micro-
environment. We demonstrate that ImmunolD NeXT is reproducible,
sensitive, and accurate at profiling high-abundance TRA and TRB
clones, as well as feasible with FFPE samples. We also highlight how
immune repertoire results from ImmunolD NeXT can be used to gain
understanding about the immunological composition of the TME. Fi-
nally, we show how ImmunolD NeXT can profile the diversity of the
TCR repertoire in tumor samples.
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Background

There is an outstanding need to identify predictive biomarkers for re-
sponse to anti-PD-1 monotherapy for NSCLC. Here we investigated
TCRB clonal expansion and TCR convergence within the pretreatment
tumor microenvironment as predictors of response in a cohort of 37
FFPE-preserved biopsies. For context, we compared the predictive
value of these features with TMB values from the same tumors.
Methods

Total RNA from FFPE-preserved pretreatment NSCLC biopsies (11 re-
sponders, 14 non-responders) was extracted for TCRB repertoire se-
quencing via the Oncomine TCRB-SR assay (15-265ng RNA input;
average 164ng) and the lon Torrent Gene Studio S5. TMB values
were obtained from FFPE-preserved gDNA from the same biopsies
using the Oncomine Tumor Mutation Burden Assay. TCR conver-
gence and clonal expansion were evaluated independently or in a
combined model as predictors of response.

Results

TCRB sequencing revealed increased TCR convergence (p = .02, Wil-
coxon) and clonal expansion (p = .06, Wilcoxon) in those who bene-
fited from anti-PD-1 therapy. A logistic regression classifier
combining both features was able to discriminate responders from
non-responders with a sensitivity of .91 and specificity of .71 at the
optimal cutoff, per the Youden’s J method. The TCR-based classifier
was able to identify responders who otherwise had low to intermedi-
ate (<10muts per Mb) TMB.

Conclusions

TCRB clonal expansion and convergence warrant further evaluation
as potential predictive biomarkers of response. Importantly, TCRB se-
quencing may allow for identification of responders who are other-
wise missed by TMB-based stratification.
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Background

Identifying the optimal input amount and sequencing depth for B
and T cell receptor repertoire profiling is challenging owing to vari-
ation in material quality and lymphocyte diversity in blood and FFPE
preserved specimens. Rarefaction analysis has emerged as a potential
approach for assessing whether immune repertoire libraries have
been sequenced to saturation. Here we present a novel automated
method for saturation analysis of IGH and TCRB chain libraries de-
rived from sequencing of peripheral blood leukocytes (PBL) and
FFPE-preserved RNA and DNA.

Methods

Human TCRB and IGH repertoire libraries were generated using the
Oncomine TCRB-SR and BCR IGH-SR assays from: (1) 25ng PBL total
RNA (2) 500ng PBL gDNA (3) 150ng RNA from FFPE preserved NSCLC
and (4) 200ng gDNA from FFPE preserved brain tissue. Mouse TCRB
and IGH libraries were generated using the lon Ampliseq TCRB-SR
and BCR IGH-SR assays and 25ng RNA or 500 ngDNA derived from
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spleen or lymph node. Libraries were sequenced on the lon Torrent
Gene Studio S5 then analyzed with lon Reporter to identify clono-
types, quantify clonal expansion and diversity, and for IGH chain li-
braries, identify B cell clonal lineages and assess isotype usage. We
then repeated clonotyping and analysis of secondary repertoire fea-
tures using data that had been downsampled to fixed read depths.
Results

We observed an asymptotic relationship between the sequencing depth
and the number of B and T cell clones detected, clone Shannon diversity,
and B cell clonal lineage richness and diversity, indicating that libraries
had been sequenced to saturation. By contrast, T and B cell normalized
Shannon entropy appeared robust to sequencing depth.

Conclusions

Automated downsampling analysis may serve as a convenient tool
for optimizing sequencing depth and input amount for B and T cell
repertoire sequencing studies. We expect this approach to become a
routine component of immune repertoire analysis.
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Background

Tumor mutational burden (TMB) is increasingly proposed as a predict-
ive biomarker for immunotherapy response in cancer patients.

TMB assessed by Whole Exome Sequencing (WES) is considered the gold
standard but remains confined to research settings. Targeted enrichment
panels of various genomic sizes are emerging as a more sustainable method-
ology for assessing TMB in the dlinical setting. However, panel-based TMB
quantification has not been adequately standardized to date, leading to
major heterogeneities in TMB measurement and a lack of uniformly accepted
cutoff values, thus limiting the possibility to transfer results across settings. In
particular, the choice of variants to include in TMB calculation (synonymous,
cancer driver genes or low-allelic frequency mutations, or other features) may
strongly affect results and in particular TMB predictive value [1]

Methods

We developed "TMBIer", an R package to calculate TMB from targeted
sequencing panels. TMBler allows to select multiple filters on mutation
counts for TMB quantification. It also includes a set of functions to
simulate custom panels on WES and calculate predictive value based
on available data on immunotherapy response matched with sequen-
cing data [2,3]. Finally, it allows to measure panel-based TMB concord-
ance with WES-based TMB and its predictive value using Receiver
Operating Characteristic (ROC) curves.

Results

By simulating custom and commercially available panels, we show that the
application of specific filter combinations can significantly influence TMB cal-
culation and its predictive value, and we identify instances where risk of erro-
neous assignment of patients to responder/nonresponder groups is highest

Conclusions

TMBIer is a useful tool for quantifying TMB from targeted panels. It
can analyze performance of existing panels, optimize analytical pipe-
line and design novel custom panels through simulations.
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Background

Obesity is associated with an elevated risk of GEAC [1], but the
molecular mechanism remains unknown. Paradoxically, however,
obesity is associated with a superior response to anti-PD-1 treat-
ment [2,3]. This may be explained by our recent observations
that obesity enhances PD-1 mediated T-cell dysfunction in a
mechanism involving leptin signaling. Prompted by this data, we
aimed to identify obesity/leptin-regulated molecular biomarkers in
GEAC.

Methods

Based on the body-mass index (BMI), we categorized patients
into normal (BMI 18-24.9), overweight (BMI 25-29.9) and obese
(BMI >30). We then retrospectively analyzed the clinical report of
PD-L1 staining by IHC_22C3/Keytruda from metastatic GEAC pa-
tients treated at our institution between 2014-2019. Chi-squared
test was used to determine the association between categorical
variables. Next, we performed RNA-seq analysis of 13 gastric can-
cer FFPE specimens (8 obese and 5 normal weight) to identify
differential gene expression between these two groups. Gene ex-
pression was quantified by log-fold changes. Differentially
expressed genes were identified by using DESeqg2. Then we
looked at the association between the expression of leptin and
immune-related genes from those specimens, using generalized
linear model implemented in DESeq2. TCGA gastric cancer data-
base (TCGA -STAD) was used to validate these associations (using
Pearson test) independently. A p-value of <0.05.

Results

Our analysis of the clinical report of 77 patients with metastatic
GEAC revealed that patients with a BMI =>25 were more likely to
express PD-L1 than normal-weight individuals (p = 0.03)(Table 1).
Our RNA-seq analysis identified the following genes to be up-
regulated in the obese group: NOS2, FOXP3, IDO1, EOMES,
CD160, and CXCR5 (p<0.05). Expression of these genes was posi-
tively correlated with leptin in our database; however, these asso-
ciations did not reach statistical significance; possibly due to our
small sample size. The same analysis within the TCGA-STAD data-
base identified a strong positive correlation between the expres-
sion of all six genes and leptin (p <0.05)(Figure 1). GSEA
identified several up-regulated immune-related pathways (Adap-
tive Immune System, Antigen Processing Cross Presentation etc.)
in the obese group.

Conclusions

Our preliminary data suggest that obesity, and specifically lep-
tin, is associated with several immune markers in GEAC. Our
mechanistic studies will explore how obesity/ leptin regulates
the immune system and promotes cancer. These studies may
allow us to identify new leptin regulated pathways as thera-
peutic targets.
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Background

Malignant pleural mesothelioma (MPM) is a rare and aggressive
neoplasia. Immune checkpoint inhibitors in MPM demonstrated
modest efficacy, partly due to lack of predictive biomarkers of
clinical benefit from immunotherapy. The aims of this work
were: to identify immune fractions associated with clinical
outcome; to stratify MPM patients based on their immune
contexture and to characterize the immune-based groups at the
genomic and transcriptomic levels.

Methods

Seven gene-expression datasets of MPM were used to assess
the immune microenvironment of 516 samples. The abundance
of 20 immune fractions in each sample was inferred using Gene
Set Variation Analysis. Identification of clinically-relevant frac-
tions was performed with Cox Proportional-Hazards Models ad-
justed for age, stage, sex, and tumor histology.

Results

T-Helper 2 (Th2, HR=2.14, p=1.5x10-4) and cytotoxic T cells
(CTC; HR=0.57, p=9.1x10-3) were found to be consistently asso-
ciated with overall survival in multiple datasets. Three immune
clusters (IG) were subsequently defined based on Th2 and CTC
immune infiltration levels: 1G1 (54.5% of samples) had high Th2/
low CTC levels, IG2 (37%) had either low or high levels of both
fractions, and 1G3 (8.5%) had low Th2/high CTC levels. Immune
clusters were associated with overall survival independently of
tumor histology, with an improving survival from IG1 to 1G3 (HR
1G2=0.52, 95% ClI 0.39-0.69; HR 1G3=0.32, 95% ClI 0.19-0.53; p=
8.4x10-8; Figure 1). IG3 was significantly enriched in epithelioid
tumors (90% 1G3 vs. 62% IG1, p=0.001) and patients were youn-
ger compared to the other groups (60 years IG3 vs. 66 years
IG1, p=0.021). These groups showed differential molecular pro-
files, being IG1 enriched for CDKN2A and IFN-related genes de-
letions. No statistically significant differences in the tumor
mutational burden was observed, howerver I1G3 tumours had
fewer mutations than IG1 and IG2 groups. At the transcriptional
level, IG1 samples showed upregulation of cell proliferation and
DNA repair-related gene-sets, while 1G3 samples presented up-
regulation of immune checkpoint inhibitors (Figure 2) and
inflammation-related pathways. Finally, integration of gene ex-
pression with functional signatures of in vitro drug response
showed that IG3 patients are more likely to respond to immune
checkpoint inhibitors, while 1G1 patients might be more sensi-
tive to PARP inhibitors.

Conclusions

Analysis of publicly available gene-expression data of MPM
reveals three major immune-based groups, based on Th2 and
CTC composition. These clusters are associated with distinct
genomic profiles and clinical outcome. Further validation of
this classification is warranted in an independent cohort of
MPM.
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Background

Cancer testis (CT) antigens are tumor antigens that have a highly tis-
sue restricted expression in germ cells but are often expressed in di-
verse malignancies. With their highly immunogenic expression
limited to tumor cells, CT antigens have become a prime target for
cancer vaccinations and T-cell based therapy with chimeric T-cell re-
ceptors. In this study, we investigated the association of two CT anti-
gens (NY-ESO-1 and LAGE-1a) with the immune microenvironment of
real-world clinical tumors spanning multiple histologies. Furthermore,
we describe the association of CT antigens with traditional bio-
markers of immunotherapy such as PD-L1 immunohistochemistry
(IHC) and tumor mutational burden (TMB), with inflammatory status
and cell proliferation status with confirmatory studies performed on
a large TCGA pan-cancer cohort of 11,001 tumors.

Methods

Unsupervised clustering was performed on gene-expression data of
395 immune transcripts of 1323 FFPE tumors to reveal three inflam-
matory patient clusters and three distinct gene groups; CT-antigen,
inflammatory and neoplastic clusters. Test for proportions was per-
formed using Pearson’s chi-squared test to describe association of
NY-ESO-1 and LAGE-1a with PD-L1 IHC, TMB, inflammatory cluster
and cell-proliferation. A retrospective cohort (n=242) of checkpoint
inhibition (CPI) treated tumors was utilized to perform overall survival
(Kaplan-Meier curves) and response to CPI therapy for CT antigen+
tumors. Survival analysis was confirmed against the Pan-Cancer TCGA
cohort (n=11,001).

Results

Unsupervised clustering showed clear co-expression sub-clustering of
CTA genes differentiated from “immune” and from “neoplastic expres-
sion”. PD-L1 IHC status was not associated with NY-ESO-1 (p=0.71) or
LAGE-1a (p=0.52) status. Interestingly, LAGE-1a positive cases were
over-represented in TMB high cases (p=0.016), whereas, NY-ESO-1 sta-
tus was not associated with TMB. NY-ESO-1 positive cases were highly
over-represented in non-inflamed cluster (p=0.006), whereas, LAGE-1a
status was not associated with inflammation status. Both NY-ESO-1 (p=
0.031) and LAGE-1a (p=0.008) were significantly associated with cell-
proliferation status. NY-ESO-1 positive tumors have significantly (p=
0.014) higher response rate in retrospective cohort but this was not ob-
served for LAGE-1a status. NY-ESO-1 and LAGE-1a status showed trend
toward better (p=0.09 and p=0.06 respectively) survival in the retro-
spective and TCGA pan-cancer cohort.

Conclusions

This study presents an in-depth analysis of the immune landscape of
CT antigen positive tumors across multiple histologies. CT antigen
bearing tumors not only have unique immune profiles but also have
significant associations with biologically relevant emerging bio-
markers such as inflammatory signature, TMB and cell proliferation.
CT antigens are a viable target for non-inflamed tumors for check-
point inhibition therapy.

Ethics Approval

De-identified specimens and data were analyzed by OmniSeq under
IRB approved protocol BDR 080316 (Roswell Park Comprehensive
Cancer Center, Buffalo, NY).
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Background

Human leukocyte antigen (HLA) class | proteins are expressed on the
surface of all nucleated cells and are vital for immune surveillance.
When tumor-specific mutations (neoantigens) are presented on HLA
molecules to CD8+ T cells, this recognition can drive immune re-
sponses against the tumor and lead to tumor destruction. One mech-
anism of immune escape for tumors is loss of heterozygosity in HLA
genes (HLA-LOH), which reduces the total number of neoantigens avail-
able for presentation to T cells. Due to the highly polymorphic nature
of HLA, the copy number status of HLA genes is extremely challenging
to assess by standard bioinformatics approaches. To investigate the
prevalence of HLA-LOH, we developed a specialized pipeline to detect
HLA-LOH by DNA next-generation sequencing (NGS).

Methods

A cohort of colorectal and non-small cell lung cancer samples
underwent DNA sequencing on the Tempus xT panel using
paired, formalin-fixed, paraffin-embedded tumor and normal
(blood or saliva) samples. To detect HLA-LOH from NGS data, we
used NGS-based HLA typing to resolve the patient’s most prob-
able HLA haplotype. Based on this haplotype, we adaptively rea-
ligned reads, extracted a number of features describing the
relative allele coverage in the tumor and normal samples, and
used these features to make a confident determination of allelic
loss in the patient’s tumor sample.

Results

Evidence of HLA-LOH was detected in 16% of non-small cell lung
tumor samples and 17% of colorectal tumor samples. We did not ob-
serve a significant association between LOH status and tumor muta-
tional burden or neoantigen load. In the colorectal cancer cohort,
HLA-LOH was observed in tumor samples classified as microsatellite
instability-high (MSI-H); however, the association between HLA-LOH
status and MSI status was not statistically significant.

Conclusions

We developed a novel method of determining HLA-LOH by DNA
NGS and demonstrated that HLA-LOH is a readily detectable feature
in human tumors. These results highlight the complexity of antigen
presentation, the potential importance of HLA-LOH as a biomarker of
immunotherapy response and resistance, and lays the groundwork
for future investigations.
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Background

Immune checkpoint blockade is only modestly effective in metastatic
breast cancer. One potential contributing factor is chronic lymphode-
pletion associated with preceding curative-intent chemo. Here, we
evaluate the short and long-term effects of chemo on peripheral T-
cell counts and clonal diversity in a cohort of breast cancer patients.
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Methods

Stage I-lll subjects (n=24) receiving curative-intent chemo (doxo-
rubicin, cyclophosphamide, paclitaxel) were monitored longitudin-
ally (mixed effects linear model) with serial peripheral blood
mononuclear cell flow cytometry and quantitative immunose-
quencing of the T-cell receptor  locus (TCRseq) using the immu-
noSEQ® assay (Adaptive Biotechnologies, Seattle, WA). To evaluate
for long-term chemo effects, these analyses were repeated in a
cohort of recurrent breast cancer patients who received chemo
>12 months preceding analysis (n=9). Wilcoxon rank sum and
tests of slope were employed to screen for associations with
chemo response, defined as complete pathologic response (pCR)
at surgical resection.

Results

By TCRseq, chemo resulted in an acute decline in T-cell fraction (0-8
weeks, p12 months following chemo.

Conclusions

Curative-intent chemo is associated with T-cell death followed
by reconstitution, with the resulting T-cell repertoire being more
clonal and less abundant in naive T cells. These findings persist
at the time of metastatic recurrence, and therefore may contrib-
ute to immunotherapy non-response in metastatic disease. Con-
versely, we identified T-cell reconstitution as a potential
biologic modifier of chemo response. T-cell reconstitution can
be therapeutically targeted with inhibitors of androgen receptor
signaling, which in experimental models enables thymic matur-
ation of naive T-cell clones and an increase in peripheral T-cell
count. This hypothesis is being evaluated in an ongoing phase
Il clinical trial of bicalutamide (androgen receptor antagonist)
plus ipilimumab and nivolumab in metastatic breast cancer
(NCT03650894).

Ethics Approval

The study was reviewed and approved by Providence Heath and Ser-
vices Internal review board, approval number 15-162.
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Background

anti-PD-1/anti-PD-L1 (anti-PD-(L)1) therapies have shown clinical ac-
tivity across different cancers. However, predicting patient response
remains challenging. Here we explore PD-L1 splicing isoforms as a
potential predictive biomarker for anti-PD-(L)1 therapy response. Four
PD-L1 splicing isoforms exist, including one dominant wildtype tran-
script and an alternative isoform which skips the second exon (del-
taExon2_PD-L1).

Methods

TCGA normalized mRNA transcript counts were downloaded
from Genomic Data Commons. anti-PD-1 treated melanoma
RNA-Seq data was from Hugo et. al. [1]. Bioinformatics analyses
were performed in statistical package R. Human wildtype and
deltaExon2_PD-L1 isoforms were stably transfected into the
mouse cell-line BW5147. A chimeric PD-1 receptor, P3Z, which
fuses the extracellular and transmembrane domains of human
PD-1 to the cytoplasmic domain of human CD3(, was stably
transfected into HuT78 cells as a reporter assay for PD-1 signal-
ing and IL-2 production [2].

Results

By examining protein crystal structures from Protein Data Bank, we
found exon2 occupies the physical interface between PD-1 and PD-
L1. It is also the interface between anti-PD-L1 therapeutics and PD-
L1. Therefore, anti-PD-L1 molecules may not effectively target PD-L1
in patients harboring the deltaExon2_PD-L1 isoform and may lack
clinical activity. The prevalence of the deltaExon2_PD-L1 isoform
across TCGA tumors is shown in Figure 1. There are 8 cancers where
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the isoform is present above 5%, including liver and endometrial
cancers.

The deltaExon2_PD-L1 isoform was successfully transfected into
BW5147 as demonstrated by mRNA expression. In co-cultures of
HuT78/P3Z with BW5147/PD-L1 (both the wildtype and deltaEex-
on2_PD-L1), IL-2 was secreted from the wildtype but not from the
deltaExon2_PD-L1. Incubation with anti-PD-1 reduced IL-2 in a dose-
dependent manner with the wildtype only (Figure 2), indicating del-
takExon2_PD-L1 does not support PD-1 signaling.

Patients expressing only deltaExon2_PD-L1 or a higher ratio of
deltaExon2_PD-L1/wildtype may not have optimal PD-(L)1 axis
signaling and be less responsive to anti-PD-1 intervention. To test
this hypothesis, a ratio metric between deltaExon2_PD-L1 and
wildtype was applied to an anti-PD-1 treated melanoma cohort
GSE78220. This biomarker ratio stratified responders from non-
responders with a p-value of 0.027 (non-responders with no del-
takExon2_PD-L1 isoform were excluded, Figure 3), whereas PD-L1
expression did not.

Conclusions

Patients with deltaExon2_PD-L1 isoform lack the interface be-
tween PD-L1 and PD-1, the same interface necessary for anti-PD-
L1 therapeutic binding. This may lead to non-optimal signaling
through the PD-(L)1 axis. Suboptimal signaling and inability to
bind anti-PD-L1 potentially could reduce response to both anti-
PD-1 and anti-PD-L1 treatments. This hypothesis needs to be fur-
ther validated in additional anti-PD-L1 and anti-PD-1 treated
cohorts.
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Background

Tumor mutational burden has emerged as a potential biomarker pre-
dictive of response to Immune checkpoint blockade (ICB) in lung
cancer. The utility of this biomarker in oncogenic driver mutations,
that account for nearly 20-50% of NSCLGC, is still unknown. KRAS mu-
tation in lung cancer is a prognostic biomarker whereas EGFR and
BRAF pathogenic mutations are predictive of response to tyrosine
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kinase inhibitors (TKI). ICB with bevacizumab has demonstrated clin-
ical benefit in EGFR mutated lung cancers per IMpower150 clinical
trial [1]. TMB analysis between actionable/pathogenic EGFR muta-
tions (i.e. exon 19 del, exon 21 L858R, T790M) and EGFR uncommon/
variants mutations may provide therapeutic implications [2]. To ex-
plore the immunological basis for these findings, we evaluated the
immune biomarker profile of NSCLC patients using Caris next-
generation sequencing (NGS) platform.

Methods

We studied tissue samples on 446 patients with NSCLC from 2016-
18. TMB was measured by counting all non-synonymous somatic mu-
tations per megabase of the genome coding area using targeted
NGS (592 genes). High TMB was defined as > 10 mut/Mb. The ana-
lysis was conducted using SAS 9.4. Variables were tested using a Wil-
coxon signed-rank test.

Results

KRAS mutations were found in 85 pts (19%), BRAF in 9 pts (2%), EGFR
mutation in 36 pts (8%), EGFR pathogenic mutation in 22 pts (5%),
EGFR variants in 14pts (3%). The median TMB of KRAS mutant vs
KRAS wt (wild type) was 10 vs 7 mut/Mb (range 0-31, p<0.01).
Conclusions

This study highlights the unique immune profile of certain oncogenic
driver mutations in NSCLC. Our results show that KRAS and BRAF mu-
tant subsets have a significantly higher TMB than KRAS and BRAF
wild type. In addition, EGFR variants have a higher TMB as compared
to actionable pathogenic EGFR mutations. These findings could have
therapeutic implications in guiding patient selection for ICB and
merit a prospective investigation.
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Background

High tumor mutational burden (TMB) has been associated with re-
sponse to checkpoint blockade in non-small cell lung cancer (NSCLC)
and other malignancies. However, the degree to which TMB changes
over time, across anatomical sites, and with intervening treatment re-
mains unknown. To evaluate TMB changes across time points, we
compared TMB in tissue specimens from patients with serially-
biopsied NSCLC.

Methods

Clinicopathologic characteristics and changes in TMB were analyzed
from patients with NSCLC and more than one tissue specimen that
had undergone targeted next generation sequencing (NGS, OncoPa-
nel) at the Dana-Farber Cancer Institute. Those representing distinct
primary tumors by histologic or genomic analysis were excluded.
Results

193 NSCLC patients with more than one interpretable NGS result
were identified; 30 were excluded due to separate primary tumors.
Of the 163 remaining patients included in the analysis, the median
time between samples was 14 months (range: 0 to 114 months).
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TMB was higher in current and former smokers (median TMB 10.7 v
6.4 mutations/megabase(Mb); p < 0.0001), patients without an identi-
fiable oncogenic driver mutation (median TMB 14.5 v 8.5 mutations/
Mb; p = 0.004), and patients with locoregional disease at the time of
diagnosis (median TMB 10.8 v 8.0 mutations/Mb, p = 0.02). TMB cor-
related closely across all matched tumor pairs (Pearson’s r = 0.85, Fig-
ure 1). Significant increases or decreases in TMB were uncommon in
paired samples, and we observed no significant change in median
TMB with increasing time between specimen collection or with inter-
vening chemotherapy, immunotherapy, radiation therapy, or tar-
geted therapy.

Conclusions

In NSCLC, TMB correlated closely across tumor pairs, and increasing
time between sample collections and intervening treatments were
not correlated with significant changes in TMB.

Ethics Approval

This study was conducted under Dana-Farber/Harvard Cancer Center
Protocol 02-180.
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Background

Immune therapies for cancer have generated an enhanced focus on
controlling cancer through modulation of biologies associated with
the tumor microenvironment, rather than the traditional approach of
targeting cancer cell biology. As more and more targeted therapies
are designed to modulate the tumor microenvironment, we need a
better understanding of microenvironmental heterogeneity in human
cancer. Similar to what has been done to describe patient subsets
based on their cancer biology using DNA and RNA signatures, we are
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working to describe patient subsets based on their microenviron-
ment biology. The ultimate goal is to find effective means of identify-
ing patients for novel therapeutic treatments that target biological
pathways that regulate the non-neoplastic cells and drive cancer
progression.

Methods

RNA from publicly available sources including microarray and RNA-
Seq were analyzed with respect to gene signatures that describe four
different microenvironmental phenotypes.

Results

These four microenvironmental subtypes are prognostic, but also
show evidence of being predictive to existing modalities of cancer
drugs when analyzed in retrospective analysis. We examined the im-
pact of cancer stage on the distribution of these subtypes and find
little variation.

Conclusions

Future clinical trials to prospectively test these four unique signatures
as predictive biomarkers for therapy need to be designed.
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Background

Gene expression profiling (GEP) has been used to identify biomarkers
of response to immunotherapy. Using a GEP-based inflammation
assay, we derived and analytically validated a CD8 signature to assess
T-cell infiltration in the tumor microenvironment (TME) [1]. Here, we
retrospectively explore the association of the CD8 signature, alone
and in relation to established biomarkers PD-L1 and tumor muta-
tional burden (TMB), with clinical response to nivolumab treatment.
Methods

In the phase 2 CheckMate 275 trial, 270 patients with platinum-
resistant metastatic urothelial carcinoma (UC) and evaluable tumor
PD-L1 expression received nivolumab treatment. Responses were de-
termined by blinded, independent review committee assessments
[2]. Minimal follow-up time for the current analysis was ~3 years. T-
cell infiltration in the TME was assessed using the CD8 signature and
by immunohistochemistry (IHC) using an automated commercial pro-
prietary assay (Dako mouse clone C8/144B; Agilent Technologies Co)
[1]. PD-L1 expression on tumor cells was independently assessed by
IHC using the PD-L1 IHC 28-8 pharmDx assay (Dako). TMB was mea-
sured by whole exome sequencing [3]. Cox proportional-hazards re-
gression assessed the dependence of progression-free survival (PFS)
or overall survival (OS), and logistic regression assessed the depend-
ence of objective response (OR) on biomarker values. The linear ef-
fects of biomarkers and their multiplicative interaction were included
when multiple biomarkers were evaluated. Likelihood-ratio tests (2-
sided) were used to assess biomarker interaction effects. Associations
with PFS and OS were investigated using Kaplan-Meier analyses with
biomarker scores categorized by tertile.

Results

GEP was evaluable in 205 (76%) and GEP+TMB in 113 (42%) of 270
treated patients. Baseline characteristics, OR, PFS, and OS were similar
between all treated patients and the GEP-evaluable cohort. CD8 signa-
ture scores showed a positive association with OR (P=0.005), PFS (P=
0.005), and OS (P

Conclusions

These results suggest that the GEP-based CD8 signature may have util-
ity as a potential biomarker for predicting clinical response to
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nivolumab treatment. The CD8 signature may be used alone and/or in
combination with other relevant and potentially independent bio-
markers such as PD-L1 expression or TMB to identify patients likely to
benefit from anti-PD-1 therapies.
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Background

Close proximity of CD8+ T cells to cancer cells has been associated with
improved outcome with immunotherapy. Using a gene expression pro-
filing (GEP)-based inflammation assay, we previously derived gene sig-
natures that defined CD8+ T-cell infiltration (CD8 signature) and
localization to tumor parenchymal and stromal compartments (CD8-
topology signatures) in multiple tumor types [1,2]. In patients with
urothelial carcinoma (UC), high stromal/epithelial-mesenchymal transi-
tion (EMT) gene expression has been associated with T-cell exclusion
and poor response to immunotherapy [3]. Here, we assess three CD8-
derived signatures and compare them with a CD8 immunohistochemis-
try (IHC)-derived score combined with EMT gene expression (CD8.IH-
C_EMT) to evaluate associations between these biomarkers and with
response to nivolumab in patients with UC in CheckMate 275 [4].
Methods

270 patients with platinum-resistant metastatic UC received nivolumab,
with response assessed by blinded central review [4]. CD8+ T-cell infil-
tration in the TME (assessed using the CD8 signature [1], CD8-topology
signatures (parenchymal, stromal) [2], and by IHC using a proprietary
commercial assay [Dako mouse clone C8/144B antibody; Agilent Tech-
nologies Co]) and PD-L1 expression on tumor cells (Dako PD-L1 [HC 28-
8 pharmDx) were assessed on baseline tumor samples. Predictive per-
formance of the CD8 signature and CD8-topology signatures individu-
ally, the combined CD8-derived signatures (triple CD8), and
CD8.IHC_EMT, was evaluated using Cox proportional-hazards regression
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for overall and progression-free survival (OS, PFS) and with logistic re-
gression for objective response (OR). Odds ratios were scaled to reflect
the difference between the 75th and 25th biomarker percentiles. Two-
sided likelihood-ratio tests were used to assess biomarker and inter-
action effects. Associations with PFS and OS were also investigated
using Kaplan-Meier analyses with biomarker scores categorized by
tertile.

Results

GEP was evaluable in 205/270 (76%) patients. Baseline characteristics
and clinical outcomes were similar in the overall population and the
GEP-evaluable cohort. Response and survival predictions from the
triple CD8 and CD8.IHC_EMT overlapped, and both biomarkers pre-
dicted benefit from nivolumab independent of PD-L1 expression.
Odds ratios for OR were 2.59 (95% Cl, 1.59-4.21) for triple CD8, 2.12
(1.47-3.07) for CD8.IHC_EMT, 2.51 (1.42-4.43) for the CD8 signature,
and 1.74 (1.22-2.49) for the parenchymal CD8-topology signature.
Conclusions

Combined CD8 and CD8-topology gene signatures (triple CD8)
showed similar performance to CD8.IHC_EMT for predicting response
and survival in nivolumab-treated patients with UC. These data sug-
gest potential utility of testing biomarker combinations and support
further evaluation of gene signatures associated with parenchymal vs
stromal CD8+ T-cell localization for predicting response to immuno-
therapy in patients with cancer.
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Background

Microsatellite instability status is currently used to predict susceptibil-
ity to immunotherapy. MANTIS score was originally developed to
identify microsatellite instability through next-generation sequencing
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(NGS). Although the 0.4 cutoff identifies MSI-high status, there is in-
sufficient data for this score's repercussion for MSI-stable patients [1].
MSI-high status rarely occurs in lung cancer patients representing
less than 1% of the cases. Therefore, we aim to identify how MANTIS
score correlates with immune profile and clinical outcomes in MSI-
stable lung cancer.

Methods

MANTIS score was calculated for two TCGA (The Cancer Genome
Atlas) cohorts: squamous cell carcinoma (5SqCC, n= 501) and adeno-
carcinoma (ADC, n=517). After excluding MSI-high patients (n=3 and
1, respectively) we stratified each cohort into quartiles. The highest
quartile was named MANTIS-high (M-H) and the lowest quartile
MANTIS-low (M-L). Immune profile (immune cell infiltration and PD-
L1 expression), tumor mutational burden (TMB), neoantigen burden
and survival outcomes were compared between M-H and M-L. Tumor
immune landscape was identified using signatures from immune
metagenes predicting infiltration for 31 immune cells.

Results

M-H was associated with higher activated CD4, gamma delta and
Th17 T cell infiltration when compared with M-L in lung SqCC (all
p <0.05). No statistically significant difference in tumor T cell infil-
tration was found in ADC (Figure 1,2). M-H patients had a higher
TMB when compared with M-L patients in ADC (p<0.05) and the
same tendency was observed for SqCC (p=0.10) (Figure 3). Add-
itionally, M-H correlated with lower PD-L1 (CD274) expression in
both SqCC and ADC (each p<0.05) when compared with M-L. No
significant differences in neoantigen burden were demonstrated.
M-H patients showed a trend towards lower median overall sur-
vival in SqCC and ADC (75 vs 63 months p=0.21; 53 vs 50
months, p=0.14, Figure 3C,3D).

Conclusions

This is the first report that illustrates the implications of a microsatel-
lite instability score on immune landscape, PD-L1 expression, TMB
and clinical outcome from a pool of more than a thousand MSS non-
small cell lung cancer patients.
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Immune landscape in lung adenocarcinoma
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Fig. 2 (abstract P111). Immune landscape in adenocarcinoma
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Conclusions

This rich and large dataset illustrates the power and scalability of the
10x Genomics Chromium Single Cell Immune Profiling Solution with
Feature Barcoding technology and presents an exciting opportunity
for researchers to explore and draw further conclusions about the
mechanisms of TCR-pMHC interaction. Furthermore, this experiment
serves as the next step on the path toward the even larger-scale ex-
periments that will be necessary to fully comprehend the rules of
antigen recognition in the adaptive immune system in response to
cancer and infectious diseases and will be key in the development of
successful immunotherapies.
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Background

Recent progress in cancer immunotherapy emphasizes the
importance of understanding immune-regulatory pathways in
cancer. It has been shown that immune cells play a crucial role
in the tumor microenvironment and can be used for targeted
therapeutics. Therefore, it is important to understand and
characterize T cells and their antigen binding specificity and di-
versity in order to develop effective targeted immunotherapies.
Recent technological advancements have enabled the integra-
tion of simultaneous cell-surface protein, transcriptome, immune
repertoire and antigen specificity measurements at single cell
resolution, providing comprehensive, scalable, high-throughput
characterization of immune cells.

Methods

Using the 10x Genomics Single Cell Immune Profiling Solution
with Feature Barcoding technology in conjunction with Biolegend
oligo-conjugated antibodies and Immudex DNA barcoded
peptide-MHC Dextramer® (pMHC), we performed multi-omic
characterization of CD8+ T cell recognition of various virus and
common cancer antigens in normal patients. Next generation se-
quencing libraries were made following the 10x Genomics work-
flow, where gene expression and immune repertoire libraries are
generated alongside libraries from DNA barcodes conjugated to
antibodies or pMHC, allowing quantification of cell surface pro-
teins and identification of T cell receptor (TCR) specificities. Ana-
lysis was performed using the latest version of Cell Ranger (v3.0).
The TCR-dist algorithm was used to identify clusters of related
TCR sequences and enriched CDR3 motifs.

Results

We performed multi-omic characterization of ~100,000 CD8+ T cells
from four MHC-matched donors. The multi-omic combination of
gene expression, paired alpha/beta T cell receptor (TCR) repertoire,
cell surface proteins and pMHC binding specificity allowed the identi-
fication of CD8+ T cell subpopulations with specificity for pMHCs
within our panel. Within our data, we observed TCRs with cognate
antigens that had been reported previously, while also identifying
entirely new TCR-pMHC interactions. In addition, we observed spe-
cific expanded non-naive T cell clones along with more diverse bind-
ing in the naive compartment.
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Background

Understanding of the complex interplay between tumors and
their immunologic microenvironment is critical for immune-
oncology (I0) studies, which can facilitate the discovery of
novel prognostic biomarkers, identification of new drug targets,
and determination of drug resistance mechanisms. However,
due to a lack of proper analysis tools and datasets, systematic-
ally exploring the tumor-immune interaction is still a big
challenge.

Methods

Here, we deconvoluted the immune cell compositions and per-
formed |O-related pathway/signature enrichment analysis for 9,721
primary tumor samples from 33 TCGA cancer types using transcrip-
tomic data, and developed a web-based application, 10 Browser.
Results

The browser allows the user to visualize the immune infiltrations of a
sample or cohort, and to define disease segments or “immuno-types”
based on the presence of single/multiple immune cell types or 10-
related pathway/signatures. Users can then perform survival compari-
sons, explore gene expression of key cancer and 10 genes as well as
generate oncoprints in the different segments. The browser also pro-
vides statistical analysis to identify the gene or mutations enriched in
the immuno-typed disease segment, and correlate gene expression
or mutations with specific immune cell types in tumor microenviron-
ment (TME).

Conclusions

In summary 10 Browser enables comprehensive analysis and
visualization of the dynamic interactions between tumor and im-
mune landscape, and can aid our understanding of the interplay be-
tween tumor genomics and immune biology to facilitate line of sight
and disease segmentation.
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Background

In the neoadjuvant setting, pathological complete response (pCR) is
more frequently achieved by triple negative breast cancer subtype
and patients who attain this status show improved survival; However,
standard neoadjuvant therapy results in pCR rates slightly over 30%
of cases. The mechanism underlying the resistance to chemotherapy
is still unclear and could be related both to the molecular heterogen-
eity of cancer cells and to the activation of the treatment-related im-
mune response. For this reason, the search for immune biomarkers
able to predict the response to chemotherapy represents a new
promising frontier. Recent reports underscore the role of TILs, PDL-1
and CD73. The aim of our work is to define a novel tissutal immune
profile (TIP) able to predict pCR [1,2].

Methods

We enrolled 61 pts who received NAC (EC for 4 cycles followed by
Paclitaxel q7 for 12 cycles or q21 for 4 cycles) between Jan 2011 and
June 2017 at Policlinico Umberto | and San Giovanni Addolorata Hos-
pital of Rome. We performed, in basal paraffin-embedded biopsies,
stromal TILS evaluation and immunohistochemistry for PD-L1 (Ven-
tana SP142 clone) evaluated both on tumor cells (TC) and tumor-
infiltrating immune cells (IC) and CD-73 assessed on TC. We defined
“positive tissutal immune profile” (TIP+) the pts with “high TILS”
(>50%), “PD-L1 positive” ( >1% both on TC and IC ) and “low CD73"
(<40%), and the others as “negative tissutal immune profile” (TIP-
).Statistical analysis was performed with T di Student test and 2 test.
Results

We enrolled 61 females (median age: 50 y; range 28-75) affected by
TNBC. The clinical stage before NAC was as follow: 3 pts cT3 (5%), 3
pts cT4 (5%) and 28 pts were cN+ (38%). Twenty-three patients
(38%) showed pCR. No significant associations were found between
pR and cT, cN, age, and KI-67. Seven patients (11%) were TIP+ and
achieved pCR in 100% of cases; 54 patients were TIP- and pCR were
showed in 16/54 of cases (30%) (p< 0,001).

Conclusions

TIP+ seems to be associated with higher pCR rate in TNBC patients
These preliminary results suggest the possibility of using novel pro-
files combining multiple immune- biomarkers.
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Background

Immune checkpoint inhibitors (ICl) have improved the treatment
options for patients with advanced stage melanoma, with im-
proved clinical responses and overall survival compared to stand-
ard systemic therapies. However, a large percentage of melanoma
patients do not respond to ICls, highlighting the need for a
greater understanding of the tumor environment and host im-
mune response. Here, we apply unbiased discovery proteomics,
based on label-free data independent acquisition (DIA) mass
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spectrometry to deeply characterize global tumor proteomes to
identify proteins and pathways that are associated with pre-
treatment response to anti-PD-1 immunotherapy.

Methods

Unbiased, data-independent acquisition (DIA) mass spectrometry
was used to analyze formalin fixed paraffin imbedded (FFPE)
tumor tissue samples from subjects with Stage IlI-IlV melanoma
which were resected prior to initiation of first-line anti-PD-1 ICI
therapy. The selected samples represent two distinct clinical sub-
groups; those who received clinical benefit, with a partial re-
sponse or better (PR, SD and CR, n = 13), and those with no
clinical benefit (PD, n = 9) and no observable response to ther-
apy. Samples were prepared for mass spectrometry using stand-
ard procedures. All samples were analyzed using 2-hour gradients
on a LC-MS/MS setup operated in DIA mode. Data was extracted
using Spectronaut (Biognosys) with a sample specific spectral li-
brary which was combined with a large human tissue resource li-
brary. Statistical analysis was conducted to identify proteins that
are either up- or down-regulated with respect to benefit group.
Pathway analysis was also conducted to highlight dysregulated
biological functions and pathways.

Results

7,590 proteins were quantified across all samples, with 6,627
quantified on average per sample. Univariate statistical testing
between groups identified 254 proteins that are dysregulated
(120 up-regulated and 134 down-regulated) in subjects who re-
ceived clinical benefit. Through partial least squares discriminant
analysis (PLS-DA) a set of 25 proteins was identified that describe
the variance between the two sample groups. When annotated
to their sub-cellular location, all up-regulated species are identi-
fied as mitochondrial proteins, indicating an enhanced metabolic
environment, and the down-regulated species are cytosolic, lyso-
somal or membrane associated. This observation was also
reflected in pathway analysis which identified up-regulation of ar-
ginine and citrulline metabolism and down-regulation of adhesion
related processes driven by MHC-II and integrins.

Conclusions

Global profiing of the tumor proteome provides a unique
characterization of melanoma tumor biology. A pathway level ana-
lysis shows increased metabolic processes combined with decreases
in adhesion related proteins may underly the differences in benefit
related to ICI therapy.
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Background

Blood cells are prime indicators of immuno-surveillance, and the ease
of blood sampling makes blood analysis a key interest for clinical
and research applications. While current flow cytometry methods are
high-throughput and provide fine resolution in the segregation of
white blood cell (WBC) populations, WBC enrichment involving red
blood cell (RBC) lysis are laborious and typically performed manually,
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contributing to experimental variability especially as blood cells are
sensitive to physical and chemical stress.

Methods

We describe RBC lysis and leukocyte immunostaining on a
centrifuge-less platform Laminar Wash™, using a novel wall-less plate
and laminar flow washer. The Laminar Wash™ 24-well plate consists
of an array of hydrophilic spots surrounded by hydrophobic surface,
which functions as a virtual wall that separates each spot. Each well
is capable of staining and lysing 100uL of whole blood. During lysis,
WBCs settle to the surface of the spot, allowing the spent lysis buffer
to be removed by a gentle and continuous laminar-flow washing
process on the Laminar Wash™ system, eliminating centrifugation
and resuspension that may stress cells and disrupt antibody binding.
Results

We observed improved retention of CD45+ lymphocytes while lysing
on Laminar Wash™ plates compared to conventional centrifuge
tubes. In studies comparing mouse whole blood lysis and antibody
staining by conventional tube centrifuge and Laminar Wash, Laminar
Wash achieved dramatically higher staining index and improved
resolution of cell cluster by flow cytometry.

Conclusions

In summary, Laminar Wash system provides gentle, fast and convenient
blood lysis, while improving data quality with superior antibody staining.
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Clonality assessments ; dualplex and multiplex immunohistochemis-
try coupled to digital pathology analyses to assess Immune Cells Infil-
tration and PD-L1 mediated inhibition (Immunoscore® IC), Immune
Suppression through Regulatory T cells and Myeloid-derives suppres-
sor cells quantification, T-Cell Exhaustion status ; standardized
methods for assessment of endothelial activation markers ; flow cy-
tometry for circulating immune cell subtypes quantification; ICI
plasma exposure levels. A multimodal integrative Immunogram pres-
entation is proposed for each patients.

Conclusions

This preliminary study shows that multimodal immune profiling is
feasible and could be a new tool to understand the biology and
pharmacology of lung cancer resistance to anti-PD1/L1 ICls and po-
tentially guide patient management décisions.
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Background

In the management of advanced Non-Small Cell Lung Carcinoma
(NSCLC), PD1/L1 immune checkpoint inhibitors (ICls) have increased
overall survival (OS) over standard second-line chemotherapy. While
this long-term increase in OS is driven by about 20% of patients, others
display disease progression during the first weeks. PIONeeR workpack-
age 2 aims to understand and eventually predict response and/or re-
sistance to those ICls in stage IV or recurrent NSCLC patients. For that
purpose, an Immunogram was designed that integrates a comprehen-
sive set of biomarkers measured in the tumor microenvironment.
Methods

The immune contexture from the PIONeeR trial's patients is being
characterized in a prospective manner and will be confronted to clin-
ical data at the end of the study. This multi-modal approach, encom-
passing a range of immune scoring assays, is applied to blood and
tumor biopsy from each patient, both sampled before and through-
out anti-PD1/L1 ICl treatment. This work aims at describing pre-
treatment samples profiling.

Results

We assessed the feasibility of such a profiling and provide descriptive
multi-modal immune profiles for the 10 first PIONeeR-included pa-
tients. These profiles combine raw results from more than ten tests,
corresponding to the following technologies and biomarkers: Gen-
omic Next Generation Sequencing for Tumor Mutational Burden
(TMB), DNA mismatch-repair deficiency (MSI/MSS status) and T Cell
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Background

The glyco-immune checkpoint (Siglec/sialoglycan axis) has emerged
as a new mechanism of cancer immune escape and offers new thera-
peutic interventions to overcome resistance to current immunother-
apies. Siglecs (sialic acid-recognizing Ig-superfamily lectins) are type |
transmembrane sialoglycan binding proteins expressed on various
immune cells (innate and adaptive). Humans express at least four-
teen unique Siglecs which have distinct preferred sialoglycan ligands.
Tumors upregulate certain sialoglycan patterns to facilitate immune
cell evasion by engaging these inhibitory Siglec receptors. This tumor
inhibitory “glyco-code” consists of a heterogenous mixture of numer-
ous sialoglycans, binding to Siglecs through low affinity and high
avidity interactions.

Methods

Deciphering the hypersialylation glyco-code of tumors is key to iden-
tifying cancer patients for glyco-immune checkpoint blockade ther-
apies. However, the heterogeneity and complexity of sialoglycans
make characterization of the tumor surface sialoglycome difficult
with current technologies. To overcome this challenge, we developed
a proprietary sialoglycan-probing reagent, HYDRA, to functionally de-
tect inhibitory tumor sialoglycans engaging Siglecs. HYDRA mimics
this natural avidity driven Siglec-sialoglycan interaction, consisting of
multimeric fusions of a Siglec N-terminal extracellular domain con-
taining the carbohydrate recognition domain (CRD), a trimerization
motif, and a Fc dimerization domain.

Results

We have generated several HYDRA constructs with robust expression
using a mammalian HEK293 system. Size-exclusion chromatography
profiles of HYDRA demonstrate high purity and confirmed multimeric
assembly. HYDRAs have greater than fifteen-fold increase in binding
affinity compared to Siglec-Fc dimers as measured using bio-layer
interferometry Octet. HYDRA also demonstrates sialoglycan-specific
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binding, as its binding was eliminated when cells were treated with
sialidase (which removes terminal sialic-acids of sialoglycan) or using
cells lacking sialoglycans from knocking out UDP-GIcNAc 2-
Epimerase. Glycan array binding of HYDRA confirmed similar sialogly-
can preferences of its Siglec counterpart as described in the litera-
ture, suggesting engineering did not alter glyco-recognition
properties. These high-affinity and sialoglycan-specific HYDRAs en-
abled us to develop a robust immunohistochemistry (IHC) assay to
analyze cancer patient samples. A cohort of tissues (>2,500 patients)
from various indications were analyzed to enable indication
prioritization for glyco-immune checkpoint therapies. HYDRA IHC on
healthy and cancerous human tissues demonstrate unique binding
patterns with concordance between duplicate primary tumor cores
and primary tumor versus metastatic cores from the same patient in
non-small cell lung, kidney and colon cancer samples.

Conclusions

In summary, the HYDRA technology distills the structural hetero-
geneity of tumor surface sialoglycans to a straightforward func-
tional readout of immunosuppressive glyco-codes engaging
inhibitory Siglecs, which may allow patient stratification based on
deciphering a tumor-specific surface glycan pattern.
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Background

Immune profiling is an essential method for quantifying changes
in immune population numbers and states over time in health
and disease. A cornerstone in translational and clinical research,
it is frequently used to investigate chronic inflammation, infec-
tious disease, autoimmune diseases, and cancer. The diversity of
immune populations demands a high parameter approach to
more fully and efficiently quantify these changes. Mass cytometry,
which utilizes CyTOF® technology, is a single-cell analysis platform
that has used as many as 50 metal-tagged antibodies [1] to re-
solve discrete cell populations, all in a single tube of sample. It is

an ideal solution for routine enumeration of immune cell
populations.
Methods

We have developed a sample-to-answer solution for human im-
mune profiling using mass cytometry: the Maxpar® Direct™ Im-
mune Profiling System. It includes an optimized 30-marker
immune profiling panel provided in a dried single-tube format,
validated SOPs for human whole blood and PBMC staining, an in-
strument data acquisition template, instructions for data acquisi-
tion on a Helios™ system, and automated Maxpar Pathsetter™
software for data analysis.

Results

Here we present assay analytical validation data on repeatability, re-
producibility, software precision, software accuracy, and site-to-site
reproducibility. The repeatability of eight identical donor samples ac-
quired on a single Helios instrument resulted in CVs 5% in fre-
quency). Reproducibility of three identical samples acquired on three
different Helios instruments resulted in CVs

Conclusions

We conclude that this assay provides a robust solution for broad im-
mune profiling using mass cytometry, reducing sources of variability
and subjectivity in sample preparation and data analysis.
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Background

PD1 blockade produces responses in 30-40% of metastatic melan-
oma (MEL) with durable relapse-free benefit [1,2]. Pre-existing tumor-
infiltrating CD8+T cell infiltrates (TIL), neoantigen burden and IFN-y
gene expression signature (GES) correlate with clinical anti-tumor re-
sponse [3-5] to PD1 blockade. However, neoantigen burden and IFN-
y GES are cost-prohibitive and time-consuming assays that are not
available for clinical use; while CD8 T cell analysis by immunohisto-
chemistry (IHC) is cost-effective and operator-independent. The aim
of this study is to develop and validate an image analysis algorithm
to automatically quantify CD8+ T cells (CD8 score) in patients with
metastatic MEL treated with PD1 blockade.

Methods

Included patients had advanced metastatic MEL treated with PD1
blockade. Radiographic response assessed using RECIST v1.1. For the
purposes of this analysis, patients were defined as responders (R;
complete, partial response, stable disease) or non-responders (NR; pro-
gressive disease). Pre-treatment tumor biopsies from 58 patients were
utilized. Brightfield image analysis results were cross-validated with
fluorescence-based quantification (AQUA™). A nuclear image algorithm
designed to run on whole slide images was optimized to manual count.
The algorithm was locked down and used on a cohort of whole tissue
sections from MEL patients. All images were reviewed by independent
pathologist blinded to clinical outcomes. Response and outcomes were
statistically correlated with image analysis results.

Results

There were 40 R patients and 18 NR patients. Median CD8 score was
101 cells/mm3 in R and 48.7 cells/mm3 in NR (p=0.098). Median PFS
were greater in R compared to NR (18 months vs. 2 months, p100
cells/mm3 (64%).

Conclusions

We report the successful technical development and clinical valid-
ation of an image algorithm to automate CD8 score for metastatic
MEL treated with PD1 blockade. Preliminary results demonstrate
CD8 score was directly associated with response and improved
PFS. CD8 score is an assay that could be carried out using exist-
ing technology in pathology departments. Further analysis will
focus on validating these results in a larger cohort to permit clin-
ical use.
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Background

To tailor clinical care and personalized treatment of cancer patients,
the scientific community together with the practitioners have fo-
cused into refining our understanding of cancer biology and resist-
ance to treatments. In that perspective, the concept of Immunoscore
proposed by Galon et al [1, 2, 3] has highlighted the crucial role of
immune response to the tumor. In parallel, immunotherapies by im-
mune checkpoint inhibitors (ICl) anti-PD-1/PD-L1 were approved in
several cancer indications, such as Non-Small Cell Lung Cancer or
melanoma, even if only a minority of these patients respond posi-
tively to the treatment. In addition, ICI are far less effective for other
high-incidence indications like colorectal cancer (CRC), thus suggest-
ing that multiple factors may be critical for capturing the exact na-
ture of the tumour microenvironment (TME). In this context, the
comprehensive identification and assessment of these factors could
be key to stratify patients and allow the selection of the optimal
treatment.

Methods

In order to support clinical researchers and biopharmaceutical com-
panies in the evaluation of the efficacy of candidate drugs, HalioDx
has developed the Cancer Immunogram, a solution based on Blank
CU et al. [4]. Our multi-parameter approach encompassing a unique
range of immune scoring assays is based on the analysis and the un-
derstanding of the immune contexture of tumors and offers a per-
sonalized and dynamic “fingerprint” of tumor-immune system
interaction. To address this, the Cancer Immunogram combines dif-
ferent technologies and biomarkers to assess 1) the tumor character-
istics (Tumor foreignness, MSI, PD-L1 expression, common mutation
drivers), 2) the immune infiltration (Immunoscore®, CD8/PD-L1 prox-
imity, TCR clonality, immune expression signature), 3) the immune
checkpoint status (T Cell Exhaustion BrightPlex panel) and 4) the im-
mune suppression status (Treg, MDSC and M1/M2 macrophage
BrightPlex panels).

Results

Here, we consolidate our Proof of Concept for the Cancer Immuno-
gram in the context of CRC [5] by leveraging this meta-analysis on a
20-patients cohort. Using machine learning algorithms to extract the
most relevant features, we show that the Cancer Immunogram allows
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to identify patient-specific patterns which might improve the predic-
tion of the response to therapy.

Conclusions

We believe that the Cancer Immunogram has the potential to facili-
tate drug development by providing a 360° vision of the tumour im-
mune contexture and may also help clinicians to personalize
advanced cancer patient care.
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Background

Isolation of rare lymphocyte populations from peripheral blood prod-
ucts of cancer patients can be challenging due to technician variabil-
ity and substantial cell loss through standard cell separation
methods such as Mononuclear Cell Preparation Tubes™ (CPTs). An
automated microfluidic approach was evaluated to determine
lymphocyte recovery, processing time, and ease of use. Furthermore,
increased yields of rare cells from cancer patients’ peripheral blood
could potentially substitute for leukapheresis when leukapheresis is
not a viable option.

Methods

White blood cells (WBCs) or peripheral blood mononuclear cells
(PBMCs) were isolated from human peripheral blood using either
MicroMedicine’s Microfluidic System (MS) or CPTs. Cell viability and
lymphocyte recovery were compared using a hematology analyzer
and flow cytometry. Further, a rare lymphocyte population was posi-
tively immunomagnetically selected from healthy volunteers and
cancer patients. Immunophenotyping was performed pre- and post-
cell selection, followed by in vitro expansion of the rare lymphocytes.
Results

Using cells collected from healthy volunteers, the automated MS
prototype consistently recovered 83.5 = 10.1% lymphocytes in a total
of 31 £ 5.8 minutes, including hands-on time, compared to the
standard CPT process, which recovered 43.2 + 7.6% lymphocytes in
72.2 + 4.1 minutes, from 32 - 34 mL blood samples (n = 5). The via-
bility was comparable at 97.9 + 1.6% (MS) and 96.7 + 3.0% (CPT). In
further studies with both healthy donors and cancer patients, a rare
lymphocyte population was successfully selected from WBCs isolated
with the MS, enabling immunophenotyping of the rare cell popula-
tion and subsequent in vitro expansion. Expansion of this lymphocyte
population from a colon adenocarcinoma patient was found to be
suppressed post-immunotherapy compared to pre-treatment. Cells
isolated from patients with other malignancies were successfully ex-
panded. Finally, peripheral blood collected from cancer patients
yielded a greater number of rare lymphocytes using the MS for the
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cell expansion study in comparison to the CPT isolation method,
which correlates to having a higher lymphocyte recovery.
Conclusions

The MS consistently recovered approximately twice the number
of lymphocytes in half the time compared to the traditional CPT
method. The automated cell separation process improves the
consistency of cell isolation while freeing up technician time. Rare
lymphocyte populations could be reliably recovered from periph-
eral blood with significantly higher yield compared to the CPT
method. While leukapheresis enriches for MNCs and MS isolates
all WBCs, these results suggest that peripheral blood collection-
based MS has the potential to complement leukapheresis, espe-
cially for small- to medium-scale studies.
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Background

Currently, there is no diagnostic test that can accurately predict
response in melanoma patients treated with immunotherapy.
NanoString® nCounter® PanCancer 10 360™ panel (Research Use
Only) measures mRNA from 770 genes related to the tumor and
host immune response. Here, we used this panel to assess the
predictive value of individual genes and weighted gene signa-
tures in a cohort of immunotherapy (ITx) treated melanoma
patients.

Methods

We used pretreatment, formalin-fixed paraffin-embedded (FFPE)
whole tissue sections from 59 melanoma patients that received
single agent or combination immunotherapy (pembrolizumab,
nivolumab, or nivolumab plus ipilimumab). Two slides from each
patient were macrodissected and RNA was extracted. The mRNA
transcripts were hybridized and tagged by unique probes for the
770-plex PanCancer 10 360 panel and then measured on the
nCounter platform. RNA counts were correlated with best overall
response (BOR), clinical benefit (CB), progression free survival
(PFS) and overall survival (OS).

Results

Indoleamine 2,3-dioxygenase 1 (IDO1) was the best single gene
predictor of BOR (Area under the curve (AUC) = 0.73) and CB
(AUC = 0.70). Among other genes, IDOT mRNA was also found to
be significantly associated with longer PFS (P < 0.01, False dis-
covery rate (FDR) = 0.18) and OS (P < 0.01, FDR = 0.052). The
previously described 18-gene tumor inflammation score (Ayers
TIS) validated for the prediction of BOR (AUC = 0.68), PFS (P <
0.05, FDR = 0.18) and OS (P < 0.001, FDR = 0.025). TIS also pre-
dicted CB (AUC = 0.67). Its predictive value remained the same ir-
respective to immunotherapy agent administered. Nevertheless, it
decreased for patients harboring the BRAF and NRAS mutations
(AUC = 0.76 versus 0.51 and 0.44 for patients with BRAF and
NRAS mutations respectively). The best signatures for this cohort
were for Cytotoxicity, Immunoproteasome and CD56dim Cells
which were predictive for BOR (AUC = 0.72, 0.71 and 0.70 re-
spectively), CB (AUC = 0.69, 0.68 and 0.70 respectively), and OS
(all FDRs < 0.05). Further work is underway to compare these
Yale melanoma results with other cohorts.

Conclusions

Pretreatment mRNA counts of single genes or weighted signature
scores are related to immunotherapy outcomes in melanoma pa-
tients. This work validated the Ayers TIS signature and
highlighted the role of the immune microenvironment, especially
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NK cells, in mediating antitumor response after immune check-
point inhibition.

NanoString nCounter is Intended for Research Use Only. Not for Use
in Diagnostic Procedures.

Ethics Approval

The study was approved by Yale University Human Investigation
Committee, approval number 9505008219.
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Background

Cancer Immunotherapies designed to generate a cell-mediated
immune response against tumors are emerging as frontline
treatment options for cancer; however, concerns regarding effi-
cacy, safety and cost efficacy have limited the use of these
treatments.

Methods

To address these weaknesses, we developed a novel immunother-
apy capable of delivering previously encountered antigenic pep-
tides specifically to cancer cells and facilitating their presentation
through the MHC class | pathway. It utilizes a synthetic nanoparti-
cle delivery system comprised of three components: a neutral
stealth liposome, encapsulated synthetic immunogenic HLA class |
restricted peptides derived from measles virus (MV), and a tumor-
targeting peptide on the external surface of the liposome. The
targeting peptide results in accumulation of liposomes specifically
inside cancer cells, and facilitates presentation of MV-derived im-
munogenic peptides in HLA class | molecules (Figure 1). We refer
to this system as TALL (Targeted Antigen Loaded Liposomes).
Therefore, TALL can generate a secondary immune response spe-
cifically against the targeted tumor cells in a patient who has
been previously vaccinated against or infected by MV. In short,
we are attempting to trick the immune system into responding
as though the cancer cell is infected with MV without the use of
viral particles.

Results

We synthesized liposomes encapsulating H250, an immunogenic
HLA class | restricted peptide identified from measles
hemagglutinin protein. These liposomes were targeted to breast
and lung cancer cells via our targeting peptide, which was identi-
fied using phage-display methodology. Treatment of lung cancer
cells with TALL results in functional presentation of H250 in both
MHC and HLA class | molecules. Our in-vitro and in-vivo studies
indicate that presentation of H250 is dependent on the cancer
targeting peptide; liposomes that lack the targeting peptide did
not accumulate in the cancer cells and presentation of H250 was
abrogated. Treatment with TALL substantially reduced growth of
LLC1 and 4T1 tumors in vaccinated C57BL/6 and Balb/c mice
respectively.

Conclusions

The outcome of our therapy is a robust cytotoxic T lymphocyte re-
sponse directed specifically against the tumor. It's advantages in-
clude: 1) Bypassing the need to identify tumor-associated antigens or
educate the immune system through a primary immune response; 2)
It is anticipated to be effective against tumors with a low mutational
load, making it efficacious on early-stage and metastatic cancer; 3) It
does not use a live virus or biologically-derived material, allowing for
complete synthetic manufacturing. It also does not require isolation
or ex-vivo manipulation of patient’s cells, reducing production time
and costs.
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Background

Extracellular adenosine in the tumor microenvironment gener-
ates an immunosuppressive niche that promotes tumor growth
and metastasis by signaling through the A2A receptor (A2AR)
on immune cells. Various agents targeting the adenosine path-
way are now in clinical trials as cancer therapies. Ciforadenant
is a selective A2AR antagonist and CPI-006 is an anti-CD73 anti-
body (Fc-mutant IgG1) that blocks the enzymatic conversion of
AMP to adenosine and directly stimulates immunity. Both
agents are now being studied in clinical trials (NCT02655822
and NCT03454451). In this report, we evaluate the role of ad-
enosine and AMP-related gene expression profiles (GEPs) that
may predict the response of patients receiving adenosine path-
way therapies. Ex vivo studies reveal a requirement for dual
blockade of CD73 and A2AR for optimal neutralization of AMP
mediated immunosuppression.

Methods

Normal human PBMCs were stimulated ex vivo with NECA (stable ad-
enosine analog) or AMP. RNA from tumor biopsies and PBMC was an-
alyzed using NanoString. Renal cell cancer (RCC) tumor biopsies
collected from patients treated with ciforadenant (100 mg BID) either
as a single agent (n=18) or in combination with atezolizumab (n=14).
Results

Ex vivo A2AR agonism resulted in dose-dependent increases in CXCR2
ligands (CXCL1,2,3,5,8) and key mediators of neutrophil/MDSC biology
(CSF3, IL-23). Increases in monocyte/macrophage inflammatory media-
tors such as IL-1beta and CCL2,3,7,8, 20 were also observed, as were in-
creases in SERPINB2, S100A8, PTGS2, THBS1. Preliminary biomarker
analysis suggests ciforadenant anti-tumor activity in RCC was associ-
ated with increased expression of select analytes (AdenoSig) in pre-
treatment biopsies (Figure 1).

Ex vivo AMP or AMPalphaS (a non-hydrolyzable AMP analog)
stimulation induced a similar GEP (AMPSig), but included specific
decreases in OAS3, BIRC5, CDK1, MX1, IFI27, and IFIT1. CD73 anti-
body and small molecule antagonists amplified the AMPSig by
preserving AMP, which itself directly stimulates adenosine
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receptors. In contrast, ciforadenant inhibited induction of the
AdenoSig and AMPSig in all experimental settings at the tran-
script and protein level.

Conclusions

A2AR agonists and AMP induce specific GEPs dominated by im-
munosuppressive mediators of MDSC and monocyte/macro-
phage biology. These GEPs may be used as biomarkers for
patient selection. CD73 antagonists alone may be limited by the
induction of compensatory immunosuppressive pathways medi-
ated by AMP accumulation. Combination ciforadenant and CPI-
006 treatment may synergize to activate anti-tumor immunity
by 1) blocking adenosine production and signaling, 2) directly
activating immune cells, and 3) blocking a compensatory induc-
tion of AMPSig. This combination strategy is being evaluated in
an ongoing Ph1/1b clinical trial in patients with advanced solid
tumors.

Trial Registration

NCT02655822 and NCT03454451
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Background

Only a minority of patients with advanced NSCLC truly benefit from
single-agent PD-1 checkpoint blockade, and more robust predictive
biomarkers are needed to optimally deliver these therapies. The
GeoMx Digital Spatial Profiler (DSP) (NanoString, Inc.) allows high-
plex protein expression analysis in a quantitative and spatially-
resolved manner from single formalin-fixed paraffin embedded tissue
sections. Here we use this technology as a discovery tool to find pro-
tein markers associated with benefit from single-agent PD-1 check-
point blockade in NSCLC.
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Methods

We used the GeoMx DSP in a cohort of 63 immunotherapy-treated
NSCLC cases represented in a tissue microarray, 52 of whom had
pre-treatment samples and received single-agent PD-1 checkpoint
blockade. A panel of 40 photocleavable oligonucleotide-labeled pri-
mary antibodies (NanoString Human 10 panel) was used for protein
detection. Proteins were measured in 4 independent molecularly-
defined tissue compartments by fluorescence co-localization (tumor
[panCK+], leucocytes [CD45+], macrophages [CD68+], and non-
immune stromal cells [CK-/CD45-CD68-/DNA+]). The photocleaved
oligos were hybridized and digitally counted with the nCounter plat-
form. Two cut-points (median and top tertile) were explored for each
maker. All statistical testing was performed using a two-sided signifi-
cance level of a=0.05 without correction for multiple hypothesis
testing.

Results

160 protein variables were generated per case (normalized counts
within molecularly defined compartments). In univariate analyses
using pre-specified cut-points, 10 markers were associated with clin-
ical benefit (CB) or non-CB, 6 markers with PFS, and 13 markers with
OS. Of these, CD56 (top tertile) and CD4 (median) measured in the
CD45 compartment were the only markers that significantly pre-
dicted either CB (OR 6.7, p = 0.014 and OR 8.5, p = 0.014, respect-
ively) longer PFS (HR 0.38, p = 0.011 and HR 0.33, p = 0.002,
respectively) and longer OS (HR 0.44, p = 0.044 and HR 0.31, p =
0.002, respectively). After adjusting for 3 baseline clinical prognostic
factors (performance status, liver metastasis, dNLR) in a multivariate
Cox proportional hazard model, both CD56 and CD4 remained pre-
dictive for PFS (HR 0.39, p = 0.020 and HR 0.37, p = 0.017, respect-
ively), while only CD4 was predictive for OS (HR 0.28, p = 0.006).
Conclusions

This pilot scale, discovery study shows the potential of the DSP tech-
nology in the identification of spatially-informed biomarkers of re-
sponse to PD-1 checkpoint blockade in NSCLC. This works highlights
a previously undescribed role for CD56+ immune cells and CD4+ T-
cells as potential predictors of immunotherapy outcomes in NSCLC.
Ethics Approval

All tissue samples were collected and used with specific consent or
waiver of consent under the approval from the Yale Human Investi-
gation Committee protocol #9505008219.
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Background

Current IHC methods limit the depth of information from a single tis-
sue sample to a single target in the case of chromogenic staining, or
to sample morphology and general cell identification in the case of
H&E. Multiplex immunofluorescence (mIF) methods provide insights
into a wide number of markers of interest and their spatial context in
a single sample but limit the level of marker co-localization detection
possible because of multiple antigen retrieval or photobleaching
steps. Here, we demonstrate the utility of a new 12-plex mlF panel
using InSituPlex technology that can identify thousands of pheno-
types and spatial behavior through the co-localization of markers
that was once limited to the domain of flow cytometry.

Methods

The 12-Plex marker panel was developed including: CD3, CD4, CD8,
CD20, Granzyme B, CD56, CD68, CD163, FoxP3, PD-1, PD-L1, and pan-
Cytokeratin/Sox10 used the InSituPlex and DNA-Exchange technol-
ogy to perform mlF staining of FFPE samples from tonsil and tumor
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biopsies on the Leica Biosystems BOND RX autostainer. The tissues
were then imaged in five distinct fluorescent channels (DAPI, FITC,
TRITC, Cy5, Cy7) in 3 rounds of image acquisition on the ZEISS Axio
Scan.Z1. HALO analysis software was used to identify cell phenotypes
and spatial interactions across the whole slide images. UMAP and
PSDM were also used to characterize cellular phenotypes and similar-
ities amongst samples in the cohorts. Downstream H&E staining was
performed on the same slides with a fourth imaging round to pro-
duce a fused 12-plex fluorescent and brightfield image.

Results

The multiplex panel was able identify all 12 markers in FFPE samples
and immunophenotype single cells through co-expression of several
biomarkers. Of the 4,096 possible phenotypes, the relevant pheno-
types mapped included, but were not limited to: T cells, T-regs, Cyto-
toxic T-cells, Exhausted T-cells, B cells, NK cells, M1 and M2
macrophages, tumor cells, and expression along the PD-L1 and PD-1
immune checkpoint axis. Distance mapping and infiltration indexes
were measured in tumor regions, stroma compartments, and along
invasive margins.

Conclusions

In this work, we introduce a tumor and immune cell phenotyping
multiplex immunofluorescence panel for the comprehensive
characterization of the tumor microenvironment and its applicability
across a range of carcinoma and melanoma FFPE tissue samples for
support of deep pathology assessment in drug discovery research.
The ability to colocalize markers in the same compartment for the
identification of thousands of phenotypes when combined with
brightfield pathological assessment within a single sample has the
potential to accelerate immunotherapy research.
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Background

PD-L1 expression is one of the most studied biomarkers to predict
the efficacy of immune checkpoint inhibitors (ICls), but its clinical sig-
nificance is controversial. Several factors have limited the study of
PD-L1 expression. Most trials use of hazard ratios (HRs) to measure
treatment effects on survival outcomes, a questionable practice for
immunotherapy studies. Additionally, trials use different cut-off
values to dichotomize PD-L1 scores, complicating meta-analyses.
Therefore, we performed a pooled analysis to: i) estimate the distri-
bution of PD-L1 expression scores in clinical populations, and ii) as-
sess the relationship between PD-L1 levels and ICIs’ effects on overall
survival (OS). Instead of HRs, we used a more robust metric, i.e. differ-
ences in restricted mean survival times (ARMSTs).

Methods

Following PRISMA guidelines, we analyzed individual-level data re-
constructed from the publications of 14 randomized clinical trials of
ICls. We used an imputation-based approach to estimate i) the distri-
bution of PD-L1 scores, ii) the survival distribution in different PD-L1
classes, and iii) pooled ARMST estimates. We show the advantage
provided by meta-analytic estimates such as ours for the design of
future studies in a simulation study. We simulated 10,000 NSCLC tri-
als (1:1 randomization; sample size: 500 patients) that compared ICls
with standard chemotherapy. Simulated trials followed either i) a de-
sign that does not use prior information on the distribution of PD-L1
levels and their association with ICIs’ effects, or ii) a design tailored
to our meta-analytic estimates.

Results

We reconstructed data on 7,918 individual patients, 3,496 with
NSCLC, 4,529 with other tumors. The estimated distribution of PD-L1
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expression is U-shaped, with most patients presenting a low or high
expression: only about 7% had an expression in the 5%-50% range.
ARMST estimates suggest that i) ICls provide an OS benefit to all pa-
tients, and ii) the magnitude of OS benefits increases along with PD-
L1 score, although changes in ARMSTs were greater in NSCLC (Figure
1). In the simulations, the power to detect a positive treatment effect
increased from 80% to 93% using a design tailored to meta-analytic
information.

Conclusions

By highlighting that higher PD-L1 scores predict increasing OS bene-
fits, our findings extend those of recent meta-analyses that evaluated
PD-L1 expression scores as predictors of ICIs’ efficacy. They also illus-
trate how meta-analytic estimates like ours can improve the power
of future trials to detect ICIs" benefits. Our findings also suggest that
the practice of dichotomizing the range of PD-L1 expression scores is
inadequate for patient stratification.
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Background

Although immunotherapy with PD-1 or dual PD-1/CTLA-4 blockade
can be a successful treatment for patients with advanced renal cell
carcinoma (RCC), the majority do not respond [1, 2]. Prior peripheral
blood immune profiling studies have shown that a transient rise in
activated CD8 T cells correlates with clinical response to PD1 block-
ade in lung cancer [3, 4] and melanoma [5]. The effect of checkpoint
blockade on circulating CD8 T cells in RCC is unknown, as is the T cell
biology underlying clinical response.
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Methods

Serial peripheral blood mononuclear cells were obtained from pa-
tients with RCC undergoing immunotherapy. Samples were obtained
at baseline (cycle 1) and initiation of each subsequent cycle (up to
cycle 6). Flow cytometry identified longitudinal changes in T cell sub-
sets. Additionally, recently activated CD8 T cells, identified by surface
expression of CD38 and HLA-DR, were sorted at baseline, post-cycle
1, and post-cycle 2, and analyzed by RNA seq. Clinical responses
were determined at the first restaging scans using RECIST v1.1 cri-
teria, to define those with clinical benefit (complete response, partial
response, or stable disease) or no clinical benefit (progressive
disease).

Results

Of 27 patients analyzed, 10 received nivolumab, 7 nivolumab +
NKTR-214, and 10 nivolumab + ipilimumab. Median age was 58 years
(range 33-78) with a male (70%), Caucasian (89%), and solely clear
cell histology (83%) predominance. A burst in circulating activated
CD8 T cells as defined by a >1.8 fold increase in CD38+HLA-DR+ CD8
T cells from baseline to post-cycle 1 (Figure 1A) was observed in 8/12
patients who had clinical benefit and 6/15 patients with no clinical
benefit (Figure 1B). Transcriptional analysis revealed that in patients
with the aforementioned immunological response, T-cells had upreg-
ulated TCR signaling, CD28 signaling, enhanced glycolysis and iron
uptake, and reduced TGF-beta signaling compared to patients with-
out an immunologic response.

Conclusions

Peripheral blood immune monitoring of RCC patients while on im-
munotherapy may provide an early predictor of response. One im-
portant limitation identified is the treatment specific cycle length
defined sample collection timing and therefore may miss transient
early immunologic changes. This study advances knowledge regard-
ing the newly generated effector CD8 T cells that contain important
information about the immunobiology underlying response to
immunotherapy.
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Background

Autoantibody landscapes are very specific to the individual, can remain
stable for many years, and contain unique features reported in associ-
ation with cancer, autoimmunity, infection, neurologic conditions,
CD8+ T cell behavior, and checkpoint blockade adverse events [1-11].
The goal of this work was to determine whether pre-existing antigen-
specific features in melanoma patient autoantibody landscapes would
associate with clinical outcomes following checkpoint blockade.
Methods

Pre-treatment serum samples were collected from 117 melanoma pa-
tients prior to checkpoint blockade with anti-CTLA4 (N=60), anti-PD1
(N=38), or both in combination (N=16). All data was collected with
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approval of the NYU Institutional Review Board at the NYU Permut-
ter Cancer Center with informed consent [11].

Serum samples were run on HuProt Human Proteome Microarrays
containing >19,000 human proteins by CDI Laboratories. Raw serum
IgG signal intensities were processed across staining cohorts via
interquartile range normalization.

Pre-existing antibody responses were defined as patient-specific IgG
signals >3.5 median absolute deviations above cohort median IgG
background (modified Z-score). Group statistics were computed
(GraphPad Prism), and gene ontology enrichment analysis was per-
formed (Enrichr) [12].

Results

Several pre-existing antigen-specific IgG autoantibody targets were
observed to have associations with good outcomes (SD/PR) or ob-
jective clinical responses (PR/CR) versus patients with progressive dis-
ease (POD). While final determination of the most predictive subsets
is ongoing, many targets represent genes in an axis surrounding im-
mune signaling pathways, hereditary neurodegenerative disease, and
the ubiquitin proteasome pathway (ie, UBQLN1, UBQLN2).

An exemplary example was observed in the autoantibody responses
shared by >10% of all patients regardless of clinical outcome. Gene
ontology enrichment analysis of these shared melanoma-patient
autoantibodies versus KEGG 2019 [12] demonstrates this set of pro-
teins is strongly enriched for neurotrophin signaling-associated pro-
teins after multi-sample correction (P=0.004) (Table 1). Several other
associations were observed cohort-wide for ontologies with tissue-
specific enrichment in the brain, neurons, and neuronal processes.
Conclusions

In this pilot study, we found strong associations across the cohort for
autoantibodies against nerve-growth-inducing neurotrophins and
genes like UBQLN1 and UBQLN2 which have strong associations with
amyotrophic lateral sclerosis, frontotemporal dementia, Parkinson'’s,
and Alzheimer's — neurodegenerative diseases that are known to
have incidences which correlate with melanoma [14-16]; this hints at
a potential immunologic connection between the conditions, per-
haps related to an antitumor / autoimmune axis involving the targets
reported here.
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Background

Tumor microenvironment contains a diverse array of cell types
with heterogeneous genomic and molecular profiles. Averaging
the characteristics of all cells in a cancerous tissue no doubt ob-
scures important variations in biomarkers among minority, but
critical, pathogenic cell populations. High resolution, single-cell
analyses are thus needed in the clinic to precisely delineate the
inherent heterogeneity of tumor microenvironment underlying
oncogenesis in each patient. Biopsies derived from tumor micro-
environment are routinely used for medical diagnosis or prognos-
tications. The number of cells typically available from a biopsy is
limited and heterogeneous. The ability to distinguish, select, and
sort rare malignant or pathogenic immune cells from either tissue
or liquid biopsies poses a unique challenge for single-cell based
diagnosis and prognostication. Heterogeneous cell populations
with non-target immunoreactive cells in pausicellular biopsies
complicate conventional bulk-cell analysis, and could lead to dis-
ease misdiagnosis or prognostication.

Methods

We adopted a state-of-the-art multi-modal strategy including the
real-time imaging-based DEPArray with downstream molecular and
genomic assays [1], and quantitative multiplex immunofluorescent
technique [2] in order to predict clinical outcome or direct therapy,
based on single-cell based diagnostic or prognostic biomarkers de-
rived from tumor microenvironment.

Results

We provided proof-of concepts that DEPArray technology enabled
automated isolation and recovery of rare malignant or pathogenic
immune cells from liquid or tissue biopsies in several malignan-
cies including vitreoretinal lymphoma (VRL), hepatocellular carcin-
oma (HCC) and colorectal carcinoma (CRC). Rare target B
lymphoma cells were distinguished and sorted from pausicellular
ocular vitreous biopsies with high resolution and purity required
for sensitive single-cell based MYD88 mutational profiling to aid
VRL diagnosis [1]. Single cellular imaging revealed the presence
of large (>10um), irregular shaped of a novel population of HCC-
infiltrating macrophages in association with improved prognosis
after surgery. A unique signature regulatory T-cells (Tregs) popu-
lation was identified in both blood circulation and cancerous tis-
sues of CRC. These signature Tregs expressed phenotypically
distinct surface markers in association with better disease-free
and overall survival of CRC patients.

Conclusions

Using real-time imaging-based, digital sorting DEPArray, we could
distinguish, select and sort different types of malignant or target
immune cells including B-cells, T-cells and macrophages from het-
erogeneous tumor microenvironment or liquid biopsies with low
cellularity. Comprehensive genomic and molecular characteriza-
tions at single cell resolution revealed crucial biomarkers associ-
ated with clinicopathological features that impact clinical
outcome of patients. The single cell interrogation using DEPArray
technology provides a novel precision medicine tool for diagnos-
tics and prognostications of malignancies in future.
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Background

In the advent of immuno-technology, newer single-cell flow cytome-
try techniques have greatly increased the capacity for the maximum
number of immunological parameters measured. Notably, multiplex-
immunofluorescence (mlF) can perform measurements for 7 markers,
flow cytometry can handle 20, and imaging mass cytometry can
process up to 37 biomarkers simultaneously. Hence, dimensionality
reduction techniques such as t-SNE and UMAP are becoming increas-
ingly important for tumour single-cell data analysis. Using human he-
patocellular carcinoma (HCC) tissue samples, we aim to compare and
evaluate the use of a new technique, UMAP, as an alternative to t-
SNE in mIF derived single-cell data.

Methods

We adopted an unsupervised clustering approach using FlowSOM to
identify 8 major cell types present in human HCC tissues by staining
them with 7 markers, including immune-checkpoint molecules and
one nuclear counterstain. Following that, UMAP and t-SNE were ran
independently on the dataset to qualitatively compare the distribu-
tion of clustered cell types in both dimensionality reduction tools.
Results

The key advantage of UMAP is its superior runtime - it takes approxi-
mately one-fifth the time required to run t-SNE. Both techniques pro-
vide similar arrangements of cell clusters, with the key difference
being UMAP’s extensive characteristic branching. Also, increasing
perplexity values in t-SNE results in a t-SNE visualisation with certain
degrees of branching like that of UMAP’s, albeit limited. When pa-
rameters such as standard deviation, minimum and maximum inten-
sity from the mIF image cytometry data were included, a t-SNE plot
with virtually the same morphology as the resulting UMAP plot can
be visualised. Most interestingly, UMAP’s branching highlighted bio-
logical lineages, especially in identifying potential hybrid tumour cells
(HTC). Survival analysis shows patients with higher proportion of HTC
have a worse prognosis (p-value = 0.019).

Conclusions

We conclude that both techniques are similar in their visualisation
capabilities, but UMAP has a clear advantage over t-SNE in runtime,
making it highly plausible to employ UMAP as an alternative to t-SNE
in single-cell data analysis.
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Background

Dickkopf-1 (DKK1), a secreted modulator of Wnt signaling, con-
tributes to an immune suppressive tumor microenvironment
and promotes tumor growth, angiogenesis and metastasis.
DKN-01, a DKK1 neutralizing antibody, has demonstrated clin-
ical activity across multiple solid tumors as both a monother-
apy and in combination with checkpoint inhibitors and
chemotherapies. Nonclinical studies indicate that DKN-01 effi-
cacy depends on a functioning immune system, notably nat-
ural killer (NK) cells. High tumor expression of DKK1 correlates
with a worse clinical prognosis in many solid tumors. As such,
we evaluated tumor levels of DKK1 and association with clin-
ical outcomes for DKN-01 based therapies.

Methods

DKK1 mRNA expression in patient tumor biopsies was evalu-
ated with a RNAscope in situ hybridization assay. Expression
levels were semi-quantified with QuPath or manually scored.
Data was pooled from three separate clinical trials, DKN-01 as
monotherapy or in combination with paclitaxel or pembrolizu-
mab in esophagogastric cancer (EGC) (NCT02013154), DKN-01
as monotherapy or in combination with paclitaxel in epithelial
endometrial cancer (EEC) or epithelial ovarian cancer (EOC)
(NCT03395080) and DKN-01 in combination with gemcitabine/
cisplatin in biliary tract cancer (BTC) (NCT02375880). Survival
analysis was performed by the Kaplan-Meier method and multi-
variable Cox proportional-hazards and logistic regression
models were used to study the association of DKK1 H-score
cutoffs (tertiles and quartiles) with survival and clinical benefit
(CR, PR or SD per RECIST v1.1) outcomes.

Results

A total of 120 patients (59 EGC, 28 EEC, 20 EOC and 13 BT()
had DKK1 tumor expression with response and survival out-
comes. Patients who had an H-score > upper-quartile (>50) of
DKK1 expression versus < upper-quartile had a higher-odds of
having clinical benefit/response with an adjusted OR of 4.46
(95% CI: 1.78, 11.71) and a longer PFS with an adjusted HR of
0.49 (95% Cl: 0.29, 0.81). Patients who had an H-score > upper-
tertile (>35) versus < upper-tertile had a higher-odds of having
clinical benefit/response with an adjusted OR of 2.82 (95% Cl:
1.21, 6.67) and a longer PFS with an adjusted HR of 0.53 (95%
Cl: 0.33, 0.85).

Conclusions

Elevated DKK1 tumor expression was associated with a higher
clinical benefit/response rate and longer PFS for DKN-01 based
treatments across multiple solid cancers. Tumor expression of
DKK1 may represent an important patient selection criterion
for further development of DKN-O1 based therapies in solid
cancers. The contribution of high levels of tumor DKK1 expres-
sion to an immune suppressive tumor microenvironment and
the role of NK cells is currently under investigation.
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Background

The prognostic role of the tumor immunity microenvironment
(TIME) in multimodal treatment for locally advanced non-small
cell lung cancer (LA-NSCLC) is unclear. Increasing evidence sug-
gests treatment benefit depending on tumor cell PD-L1 expres-
sion. The purpose of this retrospective single-center study was to
investigate the prognostic value of PD-L1 expression on tumor
cells in combination with CD8+ tumor stroma-infiltrating lympho-
cytes (TILs) density in inoperable LA-NSCLC treated with concur-
rent chemoradiotherapy (CRT).

Methods

We collected retrospectively clinical characteristics and initial
tumor biopsy samples of 31 inoperable LA-NSCLC patients treated
with concurrent CRT. PD-L1 expression on tumor cells (0% versus
>1%), CD8+ TILs density (0-40% vs. 41-100%) and TIME according
to classification by Zhang et al. were evaluated for potential
prognostic value in terms of local control, progression-free (PFS)
and overall survival (OS) as well as correlations with clinic-
pathological features investigated.

Results

Median OS was 14 months (range: 3-167 months). The OS rates
at 1- and 2 years were 68% and 20%. Local control rates for the
entire cohort at 1 and 2 years were 74% and 61%, respectively.
Median PFS and PFS at 1 and 2 years were 13+1.4 months, 58%
and 19%. PD-L1 expression <1% on tumor cells was associated
with improved OS, PFS and local control in patients treated with
concurrent CRT. Univariate analysis showed a trend for improved
OS and local control in patients with low CD8+ TILs density.
Evaluation of TIME appears to be an independent prognostic fac-
tor for local control, PFS and OS. The longest and shortest OS
were achieved in patients with type | (PD-L1neg/CD8low) and
type IV (PD-L1pos/CD8low) tumors (median OS: 57+37 vs. 105
months, p=0.05), respectively.

Conclusions

Assessment of the tumor immunity microenvironment (TIME) by
PD-L1 expression on tumor cells and CD8+ TILs density is a pre-
dictive biomarker in patients treated with concurrent CRT for in-
operable LA-NSCLC.
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Background

Loss of Y chromosome (LOY) is a well know established
phenomenon associated with cancers and ageing. Recently, LOY
in peripheral blood cells was suggested as a possible biomarker
for different cancers in males. On the basis of previous findings,
the present case-control study was conducted to evaluate the
association of LOY in peripheral blood cells in prostate (PC) and
colorectal cancers (CRC) in males [1-4].

Methods

30 CRC patients (mean age = 44.03+10.8), 36 PC patients
(mean age = 60.8 + 15.8 yrs) and 36 healthy control male
cases (mean age = 54.6+ 15.1 years) were recruited. DNA was
extracted by using a standard phenol-chloroform method.
Multiplex quantitative fluorescent (QF) PCR was used to co-
amplify the homologous sequences present on the Y chromo-
some and other chromosome followed by their analysis on the
genetic analyzer (ABI 3500) and finally the Y/X ratio was calcu-
lated on the basis of the peak height obtained from the
electropherogram.

Results

The mean Y/X ratio was significantly lower in the whole group
of cancer patients (0.709+0.02; p <0.0001) when compared to
the controls (0.92+0.044). Also, the Y/X ratio when calculated
separately was found to be lower in CRC (0.701+0.078; p <
0.0001) and PC (0.717+0.044; p <0.0001) cases, when compared
to controls (0.92+0.044). Multivariate logistic regression was
performed by matching cancer and control subjects with age
and the results suggest that LOY is not influenced by their
age.

Conclusions

The results support the significant association of LOY in peripheral
blood cells carcinogenesis in males. LOY can also serve as a non-
invasive cancer biomarker to improve the early diagnosis and man-
agement of cancer patients in males.
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Background

Regulatory T cells (Tregs) mediate potent tolerogenic signals, are involved
in adaptive anti-tumor immune responses and T-cell reinvigoration using
immune checkpoint blockers. Despite their prominent immune suppres-
sive role, the tissue distribution and contribution of Tregs to clinical out-
comes in human lung cancer is not well understood.

Methods

The levels and tissue distribution of Tregs and major tumor infiltrating
lymphocyte (TIL) subsets were measured using simultaneous detection
of FOXP3, CD4, CD8, pancytokeratin and DAPI by multiplexed quantita-
tive immunofluorescence in 619 formalin-fixed paraffin embedded
(FFPE) NSCLCs from 4 independent cohorts represented in tissue micro-
arrays (cohort #1 [Yale, n=210], cohort #2 [Greece, n=192]; cohort #3]
[80 immunotherapy-treated NSCLCs]; cohort #4 [Yale, n=137, adenocar-
cinomas with mutation testing). Markers were measured in different tis-
sue compartments and cell phenotypes were used for individual cell
counts and machine-learning-based spatial analysis. We studied the as-
sociation between T-cell populations, tissue distribution, clinicopatho-
logic/molecular characteristics and outcomes.

Results

Tregs (DAPI+/CD4+/FOXP3+ cells) were predominantly located in the
stromal compartment and represented 3-10% of the total T-cell popula-
tion. The level of Tregs was positively associated with higher CD8+ T-
cell infiltration across the cohorts. There was no consistent association
between Treg levels and patient age, gender, smoking status, clinical
stage or tumor histology. However, Tregs were significantly higher in
KRAS mutated lung adenocarcinomas than in EGFR mutant or KRAS/
EGFR wild-type cases. As a single marker, the level of Tregs was not sig-
nificantly associated with survival. However, the Treg to CD8 signal ratio
was associated with shorter 5-year overall survival across the cohorts.
Reduced survival was also seen in cases with a higher 5-nearest neigh-
bor (5NN) mean distance between CD4+/Tregs and CD8+/CD4+ cells.
Notably, the survival effect of the Treg-associated metrics was numeric-
ally higher in patients treated with immune checkpoint blockers.
Conclusions

Tregs are prominently less abundant than other TIL subsets in NSCLC
microenvironments and they are increased in T-cell inflamed tumors.
Their positive association with CD8+ cytotoxic TILs suggests their up-
regulation upon adaptive anti-tumor immune pressure and could ex-
plain the inconsistent reported relationship between Tregs and
prognosis. Elevated Treg to CD8 signal ratio and reduced spatial clus-
tering between CD4-Tregs and CD8-CD4 are indicative of poor out-
come preferentially in NSCLC patients treated with checkpoint
blockade suggesting a biomarker role.

Ethics Approval

All tissues were used after approval from the Yale Human Investiga-
tion committee protocol #9505008219 which approved patient con-
sent forms or waivers of consent.
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Background

PD-L1 protein expression by immunohistochemistry (IHC) meas-
urement is the only FDA-approved protein diagnostic biomarker
for PD1/PD-L1 immunotherapies [1]. However, the tumor-immune
interaction is complex: PD-L1 expression alone is not predictive
of patient response [2]. This has led to the investigation of other
PD-1 ligands such as PD-L2 [2]. PD-L2 even in the absence of
PD-L1 has been associated with clinical response to PD-1 block-
ade in multiple tumor types [2]. PD-L2 status has also been inves-
tigated where immunotherapy based on PD-L1 has been less
successful, such as prostate cancer, where PD-L1 expression is
typically low [3]. Here, significantly higher levels of PD-L2 were
associated with multiple survival and response measures [3]. Due
to the diagnostic and therapeutic potential indicated by the pres-
ence of this key immune checkpoint ligand in patients irrespect-
ive of PD-L1 expression [2-4], dependable detection tools for
investigating the presence and role of PD-L2 are crucial. To ad-
dress this need, Abcam have developed and extensively charac-
terized and validated a recombinant rabbit monoclonal antibody
specific to PD-L2 (CAL28). For checkpoint inhibitors, Abcam
already has research use only versions of three anti-PD-L1 Rab-
MAb® antibodies employed in the clinical setting (73-10, 28-8 and
SP142), co-developed with pharmaceutical and diagnostic
companies.

Methods

A recombinant rabbit monoclonal antibody was generated using
a direct B cell cloning process and characterized for IHC. The
clone was tested using PD-L2-transfected and non-transfected
HEK293 cells fixed in formaldehyde and processed into paraffin
wax (FFPE) and further validated alongside In Situ Hybridization
(ISH) for PD-L2 mRNA in FFPE commercial cell lines. Once speci-
ficity was determined, it was tested in positive and negative tis-
sues and TMAs of Head & Neck Squamous Cell Carcinoma
(HNSCC), Prostate Carcinoma (PC) and Renal Cell Carcinoma
(RCQ).

Results

CAL28 demonstrated positive IHC  staining on PD-L2-
overexpressed HEK293 cells processed in FFPE with a lack of
staining in the parental line. Additionally, CAL28 demonstrated
IHC staining in FFPE cell lines where PD-L2 expression was con-
firmed with ISH for PD-L2 mRNA. Expression in tumor tissue in
TMAs from HNSCC, PC and RCC was evaluated with no non-
specific background staining.

Conclusions

We have demonstrated sensitivity, specificity and reproducibility
of a recombinant rabbit monoclonal antibody to PD-L2 in IHC
(CAL28). The global, commercial availability of this recombinant
clone to researchers, pathologists, clinicians and the biopharma-
ceutical industry will enable further progress to be made in un-
derstanding the clinical relevance and predictive value that PD-L2
promises for cancer immunotherapy.
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Background

Multiple immunotherapies have been evaluated in patients with ad-
vanced or recurrent endometrial cancer (EC) using molecular bio-
markers, including microsatellite instability-high (MSI-H) and stable
(MSS) status. Clinical outcomes appear to be different in patients with
MSI-H/mismatch repair (MMR)-deficient status versus MSS/MMR-profi-
cient status when receiving anti-programmed cell death (ligand) 1 (PD-
[L]1) therapies [1,2]. It is unclear if these differences are due to the ther-
apies themselves or to differences inherent to the patient populations.
We sought to evaluate the association between MSI-H/deficient MMR
(dMMR) status and response among patients with advanced or recur-
rent EC.

Methods

We conducted a systematic review of the Embase, MEDLINE, and
Cochrane Central Register of Controlled Trials databases from 2000
to present to identify publications (manuscripts and conference pro-
ceedings) on studies using chemotherapy, surgery, radiotherapy, hor-
monal therapy, or biological therapy (or any combination thereof) in
adult patients (>18 years) with stage Ill or IV advanced or recurrent
EC, and where MMR or MSI status was identified (by any means). To
better understand the prognostic value of MSI-H/MSS status, we ex-
cluded anti-PD-(L)1 therapies from the analysis, as recent evidence
suggests that there is a positive predictive value for these agents in
patients with MSI-H/dMMR status [2-4].

Results

Our systematic review of MSI/MMR status and recurrence-free survival
(RFS), progression-free survival (PFS), and overall survival (OS) identified
a total of 5 studies. One study reported dMMR status was associated
with a reduction in RFS (hazard ratio, 2.02) [5], while another study
found no significant effect [6]. A third study reported a trend towards a
higher rate of recurrence among patients with advanced-stage EC with
dMMR than among patients with MMR proficiency (P value not re-
ported) [7]. Two studies reported no significant association between
PFS and dMMR status [8,9]. Three studies found no statistically signifi-
cant association between OS and dMMR status [5,6,8].

Conclusions

This review could not identify a consistent association between
dMMR or MSI-H status and recurrence, RFS, PFS, or OS among pa-
tients with advanced or recurrent EC receiving therapy other than
anti-PD-(L)1. For RFS, where differences were present, they trended
towards worse outcomes for patients with MSI-H/dMMR status. Con-
sequently, we have identified no evidence of a prognostic or predict-
ive value of MSI-H or dMMR biomarker status for efficacy outcomes
in patients with advanced or recurrent EC receiving non-anti-PD-(L)1
therapy. Further investigation into the prognostic or predictive value
of MSI-H/dMMR status is warranted.
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Background

Head and neck squamous cell cancer (HNSCC) ranks as the 6th most
common cancer afflicting humans and remains a significant unmet med-
ical need. While interfering with the PD-1/PD-L1 axis improves outcomes,
the majority of patients progress and die of their disease. To address this
lack of efficacy our group has explored the immune makeup of HNSCC,
hypothesizing that a better characterization of responders and non-
responders will result in improved predictive biomarkers and insights into
strategies to improve outcomes for the majority of patients.

Methods

Over the past 7 years we have collected and processed more than
350 HNSCC specimens. When sufficient tumor material was available,
tumor-infiltrating lymphocytes (TIL) and primary tumor cultures were
initiated and characterized for autologous tumor reactivity. Once
established, tumor cell lines were characterized for phenotypic
markers by flow cytometry. Flow cytometric analysis and RNASeq has
been performed on some established cell lines and on FFPE tumor
specimens.

Results

Consistent with previous reports increased expression of CD8 T cells
was associated with improved outcome. In preliminary studies in-
creased expression of GITR was also associated with improved out-
come. Initial speculation was that GITR expression was coming from
immune infiltrates. Subsequently a report suggested that GITR could
be expressed by HNSCC. Using flow cytometry we detected low level
GITR expression on 3 HNSCC cell lines and low to high level expres-
sion of GITR-L on a 8 HNSCC cell lines. Studies are continuing to ex-
pand on these preliminary observations.

Conclusions

Anti-GITR and GITR-L both have the potential to provide positive sig-
nals to immune cells. In addition to APC's, GITR-L expression by some
HNSCC cells may contribute to the make-up of the immune cells infil-
trating these cancers.
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Background

Interleukin-8 (IL-8) is a chemokine expressed in multiple cancer types,
including NSCLC. It exerts various functions in shaping cancer
vascularization, cell dedifferentiation and inflammation/immunity. IL-8
was described as a chemotactic factor for neutrophils and it has been
proposed to mediate recruitment of tolerogenic myeloid cells favoring
a pro-tumorigenic microenvironment. Although clinical trials targeting
IL-8 are ongoing, its expression and role in NSCLC is unclear.

Methods

We developed a multiplexed quantitative immunofluorescence (QIF)
panel for simultaneous and localized measurement of IL-8, myeloperox-
idase (MPQ), CD15, cytokeratin (CK) and DAPI. We analyzed the expres-
sion of these markers and their association with PD-L1, CD4 and CD8-
positive cells in 3 retrospective NSCLC immunotherapy-naive cohorts
represented in tissue microarrays (cohort #1, n=262; #2, n=145; and #3,
n=132); 1 cohort of NSCLC patients treated with immune checkpoint
blockers (#4, n=59) and 1 collection of lung adenocarcinomas (LAC) an-
alyzed for activating mutations in EGFR and KRAS (#5, n=121). We stud-
ied the level of the targets, their distribution and association with
immune features, clinicopathological variables and survival.

Results

IL-8 protein signal was detected in ~85% of cases with cytoplasmic
staining pattern and was higher in tumor than in stromal cells. Elevated
tumor IL-8 was consistently associated with higher MPO+ neutrophils
and CD15+ tumor-associated myeloid cells across the cohorts, but not
with CD4+ and CD8+ T-cells. Increased IL-8 expression was not associ-
ated with major clinicopathologic variables. Elevated MPO+ and CD15+
cells was significantly higher in KRAS mutated than in EGFR mutated
LACs. High MPO and CD15 signal was associated with shorter 5-year
overall survival in all NSCLC cohorts. The negative prognostic effect of
MPO and CD15 was comparable in both immunotherapy-naive and
immunotherapy-treated NSCLC collections.

Conclusions

IL-8 protein is frequently expressed in NSCLCs associated with increased
tumor-associated myeloid cells but independent from intratumor T-cell
responses. KRAS mutated LACs have prominent MPO+/CD15+ expres-
sion, supporting an immune suppressive role of myeloid cells in these
malignancies. CD15 and MPO are prognostic markers in NSCLC and IL-8
blockade could mediate favorable immunomodulatory effects.

Ethics Approval
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committee protocol #9505008219 which approved the patient con-
sent forms or waivers of consent
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Background

Immune checkpoint inhibitors (PD-(L)1 inhibitors) have shown
promising therapeutic outcomes and have been approved for
multiple indications. However, widespread use of PD-(L)1 inhibi-
tors has been limited by a low response rate and immune-
related adverse events. Therefore, an improved method for
predicting response to the immune checkpoint blockade would
better identify patients misclassified by conventional testing. We
have evaluated a proprietary algorithm which utilizes gene
expression in solid tumors to assess the presence of an immu-
nomodulatory (IM) signature intended to predict immunother-
apy response. The purpose of this study was to evaluate the
performance of the IM signature against progression-free
survival (PFS) of patients treated with immune checkpoint
inhibitors.

Methods

In this retrospective study, archival tumor tissue from metastatic
lung cancer patients treated with one of three PD-(L)1 inhibitors
(pembrolizumab, nivolumab, and atezolizumab) either as a single
agent or in conjunction with standard chemotherapy, from whom
response data was available, was tested for the IM signature.
Patients were stratified into two groups based on IM signature
classification as positive or negative, which was compared to im-
munohistochemistry PD-(L)1 testing with a primary endpoint of
one-year progression-free survival. Additionally, the IM signature
classification was compared with objective response by Spear-
man’s correlation as a continuous variable.

Results

A total of 71 metastatic lung cancer patients were included in the
study with a median follow-up of 29 months. The one-year PFS haz-
ard ratio for the IM positive group was 0.31 (95% ClI 0.14 to 0.68;
p=.004 - Figure 1). A total of 62 out of the 71 metastatic lung cancer
patients had previous PD-L1 staining. Head-to-head analysis of PD-L1
and IM signature on these patients found the one-year PFS hazard
ratio for the IM group to be 0.30 (95% Cl 0.13 to 0.71; p=0.006) and
the one-year PFS hazard ratio for PD-L1 positive staining to be 0.76
(95% ClI 0.31 to 1.82; p=0.533). The mean IM correlation value with
objective response for PD = -0.06; SD = -0.04; PR = 0.14; CR = 0.33; p
Conclusions

The IM signature was significantly associated with prolonged one-
year progression-free survival among patients treated with PD-L1 in-
hibitors while PD-L1 staining failed to be significantly associated. Pa-
tients classified positive by the IM signature demonstrated a three-
fold improved hazard ratio compared to those who were negative.
Funding was provided by Insight Genetics working in cooperation
with West Cancer Center and Research Institute.
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Background

Development of baseline predictive classifiers for response to treatment
can provide advantages for programs of targeted immunotherapies,
development of successful combination therapies, and identification of
responder populations to active therapies. Chromosome conformations
represent strong systemic cellular network deregulations associated
with differences in clinical phenotypes and outcomes [1].

Methods

Oxford Biodynamics, in collaboration with the EMD Serono, Inc, a
business of Merck KGaA, Darmstadt, Germany/Pfizer alliance," has ap-
plied its proprietary technology EpiSwitchTM to monitor systemic
epigenetic biomarkers for chromosome conformation signatures in
baseline blood samples of patients with multiline anti-PD-L1 (avelu-
mab) treatment of NSCLC. This application was based on the pub-
lished methodology for validated predictive biomarkers for response
to treatment [2], systemic blood-based monitoring of oncological
conditions [3-5], and proprietary programs in collaboration with the
Mayo Clinic for predictive and response biomarkers in melanoma pa-
tients treated with anti-PD-1 therapy (pembrolizumab).

Results

A 14-marker classifier was generated with 12 avelumab-treated pa-
tients in each response group; in this cohort, responders were de-
fined as patients with complete or partial response, and non-
responders were defined as patients with progressive disease. Valid-
ation of the developed predictive markers was performed on an in-
dependent cohort of 75 patients treated with avelumab as either
first-line (1L) or 2L therapy. In the validation cohort, patients with
stable disease were also considered as responders in addition to
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above. The classifier delivered stratifications for response vs nonre-
sponse with 84% accuracy, 79% sensitivity, 92% specificity, 75% posi-
tive predictive value (PPV) and 95% negative predictive value (NPV).
The associations of EpiSwitch™ response calls with overall survival
(0S) and progressive free survival (PFS) in the independent cohort
were significant (OS and PFS: log-rank p

Conclusions

The established EpiSwitchTM classifier contains strong binary markers
of epigenetic deregulation with features normally attributed to gen-
etic markers; the binary status of these classifying markers is statisti-
cally significant for survival. Altogether, these findings highlight the
potential of the EpiSwitchTM approach for identifying responders
and non-responders to immuno-oncology therapies.
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Background

Development of baseline predictive classifiers for response to treatment
can provide advantages for programs of targeted immunotherapies,
development of successful combination therapies, and identification of
responder populations to active therapies. Changes in chromosome
conformations represent strong systemic cellular network deregulations
associated with differences in clinical phenotypes and outcomes [1].
However, questions remain about the applicability of classifiers across
treatment lines, indications, and drug combinations.

Methods

Oxford Biodynamics, in collaboration with the EMD Serono, Inc, a
business of Merck KGaA, Darmstadt, Germany/Pfizer alliance, has ap-
plied its proprietary technology EpiSwitchTM to monitor systemic
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epigenetic biomarkers for chromosome conformation signatures at
baseline in patients with multiline anti-PD-L1 (avelumab) treatment
of non-small cell lung cancer (NSCLC). Additionally, epigenetic bio-
markers to predict outcome and response in patients with melanoma
treated with anti-PD-1 (pembrolizumab) and its combination with
another agent were identified in collaboration with the Mayo Clinic.
Results

Three NSCLC classifiers predicting response to avelumab in first-line
(1L), second-line (2L), and combined 1L + 2L cohorts were built and ap-
plied to test sets. Average accuracy, positive predictive value (PPV), and
negative predictive value (NPV) for 10-fold cross-validation on data
splits were reported. An NSCLC patient set treated with 2L pembrolizu-
mab served as an independent test set. The 2L NSCLC classifier
achieved high (defined hereafter as > 0.7) predictive power (PPV, NPV,
and accuracy) in the 2L test set but not in the 1L test set. A reduced
version of this classifier achieved a PPV of 0.71 in the 2L pembrolizu-
mab population. The 1L classifier was not applicable in patients who re-
ceived 2L treatment for NSCLC. The 1L + 2L composite classifier had
high predictive power in both 1L and 2L cohorts and a high PPV for
identifying responders in the 2L pembrolizumab population. A fourth
classifier starting with preselected NSCLC markers had good predictive
power for classifying responders in patients with melanoma treated
with pembrolizumab. Finally, a 2L NSCLC classifier trained to classify re-
sponse groups from pembrolizumab-treated patients also identified
NSCLC responders with a high PPV from patients treated with pembro-
lizumab in combination with an epigenetic drug.

Conclusions

Collectively, these results suggest that a set of EpiSwitchTM bio-
markers correlates with outcome on anti-PD-1/PD-L1 immunother-
apies. Classifier signatures could be generated to work across
treatment lines, indications, and combinations, and could be helpful
for baseline patient stratification.
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Background

Understanding response to immunotherapies in relation to tumor-
immune contexture requires a paradigm shift from a single-marker
test towards multiplexed immunohistochemistry (IHC). Here we re-
port the development, early proof of concept of two fully automated
5-plex fluorescent multiplex IHC assays and accompanying digital
pathology algorithms.
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Methods

Tyramide signal amplification detection was used to inform on the
tumor/stroma/immune contexture (CD8, PanCK, FAP, MHC-I, CD31) and
to characterize T-cell functions (PD1, CD3, PanCK, GZMB, and PD-L1).
Whole slide digital pathology scoring algorithms were developed to
identify all phenotypes represented by the markers and their specificity
and sensitivity was verified against the results by expert observers.
Results

Assay performance including accuracy, precision, and sequential markers
detection was validated on > 200 unique cases of Gastric, Pancreatic,
Breast, Lung, Urothelial and Colorectal carcinomas. For an early proof-of-
concept, we analyzed paired pre- vs. post treatment tumor biopsies from
three pancreatic cancer patients treated with a combination of atezolizu-
mab and chemotherapy. Digital pathology algorithms identified biologic-
ally and clinically relevant features: MHC-I is highly expressed in tumor
cells of the primary lesions and very rare tumor cells express MHC-l in the
liver met samples. A patient with partial response (PR) showed a signifi-
cantly increased tumor MHC-I upon treatment, while two patients with
stable disease (SD) did not show significant changes. The PR patient also
showed an increased density of CD3+, CD8+, and GZMB+ T cells within
the tumor post-treatment, indicating an increased tumoral T cell infiltra-
tion and activation by the treatment.

Conclusions

The automated 5-plex IHC assays and digital pathology algorithms
developed in this study provide a robust tool for quantitative and
spatially resolved whole-slide characterization of the tumor-immune
contexture. Applying these tools in large-scale clinical investigations
may provide better understanding of the response/resistance mecha-
nisms to cancer immunotherapies.

Cellular Therapies
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Background

lovance’s TIL products Lifileucel and LN-145 have demonstrated re-
markable clinical activity in melanoma and cervical cancer utilizing
lovance’s proprietary 22-day manufacturing process and surgically
resected tumor lesions ~ 1.5-cm diameter [1, 2]. Using a core needle
biopsy procedure to obtain tumor samples could allow for greater
convenience of collecting the tumor from patients [3]. We asked
whether a streamlined manufacturing process could be implemented
to produce therapeutically relevant TIL from multiple histologies
starting with a core biopsy.

Methods

Core biopsies obtained from 4 melanoma and 3 pancreatic, 2 breast,
2 ovarian, and 1 lung tumors were processed in vitro, using a 22-day
expansion method termed ‘Core process’. Core biopsy-derived TIL
were assessed for expansion, phenotype (lineage, youth/differenti-
ation, activation, and exhaustion markers), function (IFN-gamma and
CD107a mobilization), and TCR repertoire.

Results

lovance’s Core process successfully generated TIL products from all
tested samples. One to 2 cores yielded more than 10e9 T cells for 10
of the 12 preparations. Phenotypic analyses revealed no significant
differences in terms of T cell lineages and memory subsets, or ex-
pression of activation, differentiation, and exhaustion markers when
compared to lovance’s current products. Core-derived TIL products
responded to PMA and to anti-CD3 stimulations by inducing levels of
CD107a mobilization and IFN-gamma secretion like those produced
by TIL derived from excisional biopsies. Preliminary TCR sequencing
data suggest that high-diversity products can be also be obtained
from small samples, similar to what is obtained from TIL expansion.
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Conclusions

This work demonstrates that the lovance 22-day Core manufacturing
method is highly robust and that it is feasible to expand TIL to thera-
peutically relevant numbers from as little as 1 to 2 core biopsies from
multiple histologies with this method. Resulting products were shown
to be phenotypically comparable to, and as potent as, products gener-
ated with lovance’s process from excisional biopsy. lovance anticipates
implementing this process in the clinic in the near future.
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Background

Neuroblastoma is the most common extracranial solid cancer in chil-
dren with poor long-term survival in those with high-risk disease. A
currently ongoing phase | clinical study of GD2-targeted CART for re-
fractory/relapsed neuroblastoma (NCT02761915) shows activity
against disseminated disease without inducing on target/off tumor
toxicity. However, CART persistence was limited and clinical activity
transient and incomplete.

Building on the GD2 CAR used in this study, we have developed a next
generation T-cell product candidate termed AUTO6NG. The AUTO6NG
product consists of 3 distinct populations of GD2-targeted CAR T-cells,
produced by dual transduction of T-cells with two separate retroviral
vectors. The first vector directs the expression of a GD2-targeting CAR,
co-expressed with a constitutively signalling IL7 cytokine receptor
(IL7R_CCR) (product A), while the second vector is a tri-cistronic retro-
viral vector encoding the same GD2 CAR, co-expressed with dominant
negative TGFbRII (dnTGFbRIl) and truncated SHP2 (dSHP2) (product B).
dSHP2 confers resistance to inhibitory signals such as those from PD1.
Methods

Human T-cells were either dual transduced with both vectors yield-
ing a mix of product A/B/A+B (AUTO6NG) or single transduced with
each vector individually giving raise to product A or B. Both single
and dual transduced CAR T-cells were extensively evaluated in vitro
for redirected lysis, cytokine secretion, T-cell proliferation and survival
and resistance to immunosuppressive pathways (including TGFb and
PD1/PDL1 inhibition) in co-culture assays with GD2-positive and
negative tumour cell lines. Additionally, anti-tumour activity of
AUTO6NG was evaluated in vivo by intravenous administration in an
established neuroblastoma xenograft model in NSG mice.

Results

AUTO6NG T-cells (product A/B/A+B) were highly potent in cytotox-
icity assays against GD2 positive tumour cell lines with no differences
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observed compared with single transduced CAR T-cells (product A or
B). Expression of the IL7R_CCR in both AUTO6NG and product A con-
ferred exogenous-cytokine-independent viability and homeostatic
proliferation of modified T-cells, without causing autonomous T-cell
growth. Furthermore, AUOTO6NG T-cells and product B but not
product A proved resistant to both TGFb- and PD1/PDL1-mediated
immunosuppression in vitro due to the presence of dnTGFbRII and
dSHP2 in those genetically engineered CAR T-cells. Finally, intraven-
ous delivery of AUTO6NG exhibited potent anti-tumour activity and
extended survival in NSG mice with established tumour burden.
Conclusions

These results demonstrate the feasibility, safety, and efficacy of
AUTO6NG T-cells. The addition of IL7R_CCR, dnTGFbRIl and dSHP2
modules to the AUTO6NG product augment its functions by extend-
ing T-cell persistence and rendering modified T-cells resistant to
TGFb- and PD1/PDL1-driven immune inhibition.
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Background

Autologous and allogeneic Chimeric Antigen Receptor (CAR) T-cells are
under thorough investigation to translate their success in B-cell malig-
nancies to other types of cancer. Previous studies associated the anti-
tumour effect of CAR T-cells to their long-term persistence. Most stud-
ies use cyclophosphamide and fludarabine (CyFlu) preconditioning
chemotherapy to facilitate CAR T-cell persistence. However, the effect
of CyFlu preconditioning was rarely compared to other chemotherapies
or to CAR T-cells alone. The THINK, SHRINK and ALLOSHRINK trials
evaluate the safety and clinical activity of NKG2D receptor-based CAR
T-cells in metastatic colorectal cancer (mCRC) patients. THINK and
SHRINK  utilize autologous CAR T-cells, whereas ALLOSHRINK utilizes
allogeneic CAR T-cells. In THINK, CAR T-cells are injected without pre-
conditioning chemotherapy or after CyFlu. In SHRINK and ALLOSHRINK,
FOLFOX chemotherapy is given before CAR T-cell injections. Herein we
present cellular kinetics results from these three trials.

Methods

Whole blood samples were drawn at various timepoints from pa-
tients receiving at least one injection of CAR T-cells. Peripheral blood
mononuclear cells (PBMCs) were isolated by ficoll gradient centrifu-
gation at a central laboratory designated by the Sponsor. Genomic
DNA was isolated using a commercially available kit. Engraftment of
CAR T-cells was measured by digital droplet polymerase chain reac-
tion (ddPCR) using transgene-specific primers and reported as trans-
gene copies per microgram of genomic DNA. Long-term persistence
of CAR T-cells was measured by calculating the area under the curve
(AUQ) using the linear trapezoidal rule.

Results

35 mCRC patients have been treated in THINK (14), SHRINK (9) and
ALLOSHRINK (12). Preliminary results are available for 29 subjects. Cell
kinetics for subjects having received one injection of autologous CAR T-
cells show a seven-fold increase in mean peak levels of T-cell engraft-
ment with CyFlu compared to FOLFOX. Mean AUC is four times higher
with CyFlu compared to FOLFOX. Peak levels of engraftment and per-
sistence observed with FOLFOX and without previous chemotherapy
are similar. Additionally, allogeneic CAR T-cells exhibit a five-fold in-
crease in mean AUC and a ten-fold increase in mean peak levels com-
pared to autologous cells with the same prior chemotherapy regimen.
Additional analyses will be presented during the congress.

Conclusions

Analyses of the initial 29 patients receiving either autologous or allo-
geneic NKG2D-based CAR T-cells demonstrate that CyFlu enhances
peak levels and persistence of adoptively transferred cells. FOLFOX
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does not appear to influence engraftment or persistence of CAR T-cells.
Allogeneic CAR T-cells show higher peaks and time-averaged persist-
ence compared to autologous cells. Analysis of the results is ongoing.
Ethics Approval

The studies referred to in this abstract were approved by all relevant
ethical committees and authorities.
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Background

A significant portion of head and neck cancers (HNCs) harbor gen-
omic alterations that render them insensitive to T cell detection. For
these patients, natural killer (NK) cellular therapy may be an effective
complementary treatment approach. We studied the anti-tumor ac-
tivity of a novel, off the shelf, NK cellular therapy consisting of high
affinity NK cells engineered to express a chimeric antigen receptor
(CAR) targeting PD-L1 (PD-L1 t-haNKs).

Methods

Irradiated (15 Gy) PD-L1 t-haNK cells were assessed for direct cytotox-
icity of five human and two murine HNC cell lines by real-time imped-
ance analysis. PD-L1 knockout by CRISPR/Cas9 gene editing was
performed in select cells to assess PD-L1-specific killing. Co-culture as-
says with PD-L1 t-haNKs and murine or human peripheral and tumor
infiltrating leukocytes were performed to determine selective elimin-
ation of cells. Wild-type C57BL/6 (B6) or NSG mice were engrafted with
parental or PD-L1 knockout murine or human tumors and assessed for
tumor growth inhibition (TGI) following PD-L1 t-haNK treatment.
Results

PD-L1 CAR expression on PD-L1 t-haNKs was verified. PD-L1 t-haNKs
killed all human and murine HNC cell lines at low effector:target ra-
tios. Killing of cells was significantly enhanced with increased PD-L1
expression following IFN-y pre-treatment. Baseline killing was par-
tially reversed and IFN-y -enhanced killing was completely abrogated
in PD-L1 knockout cells. Ex vivo co-culture of PD-L1 t-haNKs with per-
ipheral and tumor infiltrating leukocytes from tumor bearing mice or
with peripheral leukocytes from HNC patients revealed selective elim-
ination of PD-L1 high macrophages and myeloid derived suppressor
cells (MDSC) but not lymphocyte subsets. Treatment of B6 mice bear-
ing murine oral cancers with PD-L1 t-haNKs in vivo resulted in >50%
reduction in PD-L1 high macrophages and MDSC but no reduction in
lymphocytes. Treatment of NSG mice bearing parental human HNC
or B6 mice bearing parental murine oral cancer resulted in significant
TGI after PD-L1 t-haNK treatment. TGl was completely abrogated in
mice bearing PD-L1 knockout tumors.

Conclusions

PD-L1 t-haNKs mediated potent PD-L1-specific cytotoxicity against
HNC cells and selectively eliminate immunosuppressive macrophages
and MDSC expressing high levels of PD-L1 from the periphery and
tumor microenvironment. PD-L1 t-haNK monotherapy resulted in PD-
L1-specific TGl in xenograft and syngeneic models. These data pro-
vide the pre-clinical rationale for the clinical study of PD-L1 t-haNKs
in solid tumors. Evidence that PD-L1 t-haNKs selectively eliminate im-
munosuppressive macrophages and MDSC support the clinical study
of PD-L1 t-haNKs as a monotherapy or in combination with treat-
ments designed to activate T cell immunity.

Ethics Approval

The study was approved by the NIH Animal care and Use Committee,
approval number 1464-18.
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Background

Adoptive T-cell transfer with tumor infiltrating lymphocytes (TIL)
is an investigational immunotherapy for advanced solid cancers.
Ongoing Phase Il clinical trials of lovance’s lifileucel and LN-145
TIL products have demonstrated efficacy with ORRs of 38% and
44% in patients with melanoma and cervical cancer, respectively
[1,2]. Anti-PD-1 therapy has been widely used as a first-line ther-
apy in several types of cancer. TIL infusion products from the pa-
tients previously treated with anti-PD-1 therapy still sustain PD-1
expression, especially the subset of tumor antigen-specific TIL [3].
Building on the therapeutic efficacy of PD-1 blockade, we rea-
soned that intrinsic silencing of PD-1 in our TIL products, may
provide similar benefits to systemic administration of anti-PD-1
therapy, while decreasing the side effects associated with sys-
temic anti-PD-1 [3]. Self-delivering small interfering RNA (sd-
rxRNA) is a chemically modified siRNA molecule, which has ability
to penetrate cell types with high knockdown efficiency of specific
target genes [4]. Furthermore, a knockdown approach vyields a
transient effect, which may prove a more favorable approach
when compared with permanent genetic modification. Here, we
tested the silencing efficiency of a PD-1-targeted sd-rxRNA,
termed PH-762, in TIL and its effect on TIL phenotype and
function.

Methods

TIL from melanoma, breast cancer, lung cancer, H&N cancer,
and sarcoma were expanded ex vivo with lovance’s proprietary
22-day process in the presence of PH-762. Resulting TIL
products were assessed for PD-1 knockdown, cell expansion
and viability, phenotype (T-cell lineage, differentiation, activa-
tion, and exhaustion), and effector functions (IFN-gamma
induction).

Results

Average silencing of the PD-1 levels was 85%. Sixteen of the 19
tumors tested demonstrated >80% silencing at the surface of
PH-762-treated TIL relative to control sd-rxRNA-treated TIL. The
remaining 3 samples had ~70% silencing efficiency. Expression
of T-cell activation markers including 4-1BB and OX40 was sig-
nificantly increased in TIL expanded with PH-762. Importantly,
other inhibitory and exhaustion molecules remained unaffected,
suggesting that compensatory mechanisms were not triggered
by PD-1 silencing. Functionally, PD-1 knockdown TIL displayed
elevated IFN-gamma secretion when co-cultured with autolo-
gous tumor cells, indicating improved effector function upon
specific T-cell re-stimulation.

Conclusions

sd-rxRNA-mediated silencing of PD-1 with PH-762 in TIL was
highly efficient and generated TIL products with elevated
effector function, providing a strong rationale for clinical
testing.
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Background

Minerva will open a 1st-in-human CAR T clinical trial for meta-
static breast cancers at the Fred Hutchinson Center September,
2019. huMNC2-CAR44 targets a novel form of MUCT; no thera-
peutic that targets this form has ever been tested in humans.
All previous, failed attempts to therapeutically target MUCIT
have targeted the tandem repeat domains, which are cleaved
and shed from the surface of cancer cells. Cleavage and shed-
ding of the tandem repeat domain increases as tumor stage in-
creases. huMNC2-CAR44 targets the truncated extra cellular
domain of MUCT* (muk 1 star), also known as MUC1-C, which is
the transmembrane cleavage product that remains after MUC1
is cleaved and the tandem repeat domain is shed from the can-
cer cells. The MNC2 antibody, which is the targeting head of
the CAR, cannot bind to full-length MUC1. It binds to an ectopic
epitope that is only unmasked by cleavage and release of the
MUC1 tandem repeat domain. MUCT* growth factor receptor is
activated when onco-embryonic growth factor NME7AB dimer-
izes its truncated extracellular domain. NME7AB and the
huMNC2 antibody both compete for the same binding site,
which is masked in full-length MUC1.

Methods

Monoclonal antibody MNC2 was selected because it recognizes
a conformational epitope within MUC1* that is created by cleav-
age by MMP9, which is overexpressed in breast cancers and is
an indicator of poor prognosis. The luminal edge of some nor-
mal tissues express a cleaved MUCT*-like form; however, on
normal tissues, MUC1 is cleaved by a different cleavage enzyme,
which alters the conformation of the truncated extra cellular
domain and it is not recognized by the MNC2 antibody.

Results

huMNC2-scFv recognizes 95% of breast cancers, across all subtypes,
wherein the average percent staining for each tissue specimen is
~80%. Despite this robust staining of cancerous tissues, huMNC2-
scFv showed almost no binding to normal tissues and no staining of
critical organs. In vitro, huMNC2-CAR44 T cells killed cancer cells, but
not non-cancer cells even if they expressed MUC1 or a cleaved
MUCT. In NSG mice (n>300), huMNC2-CAR44 T cells eliminated
MUC1* positive tumors from implanted naturally occurring breast
cancer cells. A single CAR T cell injection eliminated tumors for 100
days; control animals had to be sacrificed at Day 20. Further,
huMNC2-CAR44 T cell mediated killing increased as MUC1* density
increased (Figure 1).

Conclusions

If successful, huMNC2-CAR44 could treat a wide variety of solid
tumors. huMNC2-scFv binds to 95% of breast, 83% ovarian, 78%
pancreatic and 71% of lung cancers.
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Fig. 1 (abstract P150). huMNC2-CAR44 T cells kill MUCT*
positive tumors
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Background

The potent, innate anti-tumor cytotoxicity of natural killer (NK) cells
combined with their low risk of inducing graft-versus-host disease
have made NK cells an emerging platform for allogeneic, off-the-
shelf CAR-based cell therapies. However, adoptive transfers of NK
cells have shown limited expansion and persistence which may im-
pact their ability to induce durable anti-tumor responses. Here, we
demonstrate that constitutive expression of a novel chimeric costi-
mulatory protein, comprised of the signaling domains from MyD88
and CD40 (MC) and secreted IL-15 dramatically improves the prolifer-
ation and anti-tumor efficacy of HER2 CAR-redirected NK cells.
Methods

Human CD56-positive cells were enriched from PBMCs derived from
healthy donors and activated with irradiated K562 cells in the presence
of IL-15. NK cells were subsequently transduced with retroviral vector en-
coding inducible Caspase-9 (iC9), a HER2-specific CAR (HER2.(), MyD88/
CD40 (MQ) [1] and IL-15. Gene-modified NK cells were evaluated for ex-
pansion, cytotoxicity, cell phenotype and cytokine production, in vitro
and in an HER2 positive OE-19 NSG mouse xenograft model.

Results

NK cells were efficiently transduced (>50%) and demonstrated robust
ex vivo expansion (150 fold, 14 days post-activation) in culture rela-
tive to transduced NK cells. In coculture assays with HER2-expressing
OE19 and SKOV3 tumor cells, MC-enhanced CAR-NK cells showed po-
tent cytotoxicity with elevated expression of pro-inflammatory cyto-
kines and chemokines including MIP1a, IFN-y, and GM-CSF. In
addition, NK cells expressing the iC9 safety switch could be rapidly
ablated by treatment with 1 nM rimiducid to initiate apoptosis. In
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animals engrafted with OE-19 tumor cells, iC9-CAR.(-MC-IL15 modi-
fied NK cells demonstrated significantly improved control of tumor
expansion compared with control NK cells.

Conclusions

MyD88/CD40 and IL-15 enhance the proliferation and anti-tumor po-
tency of CAR-modified NK cells. Further, inclusion of the iC9 safety
switch can be used to mitigate potential toxicities. These technolo-
gies have the potential to provide a potent, off-the-shelf allogeneic
cell therapy to treat solid tumors.

Reference

1. Collinson-Pautz MR, Chang WC, Lu A, Khalil M, Crisostomo JW, Lin PY,
Mahendravada A, Shinners NP, Brandt ME, Zhang M, Duong M, Bayle JH,
Slawin KM, Spencer DM, Foster AE. Constitutively active MyD88CD40
costimulation enhances expansion and efficacy of chimeric antigen re-
ceptor T cells targeting hematological malignancies. Leukemia. 2019;
33:2195-2207.

Ethics Approval

This study was approved by Bellicum's IACUC and performed in its AAALAC
approved vivarium.

P152

Antigen delivery to PBMCs by microfluidic squeezing primes anti-
tumor immunity

Matthew Booty, PhD, Kelan Hlavaty, Emrah Ozay, PhD, Carolyne Smith,
PhD, Katherine Seidl, PhD, Howard Bernstein, MD, PhD, Armon Sharei,
Scott Loughhead

SQZ Biotechnologies, Watertown, MA, United States
Correspondence: Matthew Booty (matt.booty@sqzbiotech.com)
Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):P152

Background

The presentation of sufficient antigen on major histocompatibility
complex class | (MHC-I) is a potential barrier to generating potent
cancer immunizations. We use microfluidics-based squeezing to de-
liver antigen directly to the cytosol of target antigen presenting cells
(APCs) - resulting in the enhanced presentation of antigen on MHC-I.
In addition to facilitating potent CD8+ T cell priming by professional
APCs, this approach can make unfractionated peripheral blood
mononuclear cells (PBMCs) effective, unorthodox APCs capable of
priming CD8+ T cell responses in mouse and human systems.
Methods

Protein and peptide antigens were delivered to the cytosol of murine
splenocytes or human PBMCs by microfluidic squeezing. The re-
sponse to in vivo immunization was assessed by flow cytometry in a
series of experiments in mice. Tumor experiments were conducted
with the TC-1 cell line, which expresses the viral antigens E6 and E7
from human papilloma virus type 16 (HPV16).

Human PBMCs were loaded with synthetic long peptides (SLPs) con-
taining MHC-I restricted epitopes from cytomegalovirus (CMV) or
HPV16. These PBMCs were co-cultured with epitope-reactive human
responder CD8+ T cells, and interferon gamma production was quan-
tified to assess antigen-specific responses in vitro.

Results

In mice, we demonstrate that microfluidic squeezing enables delivery to
all cell subsets within the spleen and that delivered protein antigen is
rapidly processed and presented on MHC-l. In vivo immunization using
splenocytes squeezed with a HPV16-derived E7 SLP primes E7-specific re-
sponses. Prophylactic immunization of mice implanted with TC-1 resulted
in complete protection and these responses were durable, as mice were
protected upon TC-1 re-challenge. Therapeutic immunization following
TC-1 implantation reduced tumor growth and extended survival com-
pared to unimmunized mice (25 days vs 50 days). Following therapeutic
immunization, 85% of tumor infiltrating CD8+ T cells were found to be
E7-specific compared to 3% in unimmunized mice.

In human cells, we demonstrate that squeezing of primary PBMCs en-
ables delivery to all cell subsets. Delivery of CMV and HPV16 SLPs leads
to presentation on MHC-l, as demonstrated by in vitro responses of
both CD8+ T cell clones and patient-derived memory populations. De-
livery of CMV antigens at the manufacturing scale (~1 x 1079 cells) also
results in presentation and activation of CD8+ T cells.
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Conclusions

Through the direct cytosolic delivery of antigen, we engineered
unfractionated PBMCs to function as potent APCs. This strategy has
demonstrated significant potential to generate CD8+ T cell responses
in both mouse and human systems and has been scaled for clinical
implementation.

Ethics Approval

Human samples were supplied by an approved vendor and animal
studies were conducted in accordance with SQZ Biotech's Animal
Care Program and IACUC which operate according to principles set
forth in PHS Policy and the Guide for the Care and Use of Laboratory
Animals - 8th edition.
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Background

The ability to suppress immune reactivity is a defining hallmark
of cancer [1-3]. Both the administration and disinhibition of
CD8+ T cells, through adoptive immunotherapy and checkpoint
inhibition respectively, have yielded unprecedented responses
in patients with advanced melanoma [4-8]. However, a majority
of patients remain stubbornly unresponsive to T cell-based
therapy [9,10]. A better knowledge of cancer-induced T cell sup-
pression is needed improve efficacy. Memory CD8+ T cells
(Tmem) are more effective than effector CD8+ T cells (Teff) at
controlling melanoma growth after adoptive cell transfer (ACT)
in a murine melanoma model [11,12]. Melanoma cancer stem
cells (CSC) are primarily responsible for tumor growth and
metastasis [13,14]. We hypothesized that Tmem are both more
resistant to CSC suppression and more effective at targeting
CSC after ACT.

Methods

The B16F10 melanoma cell line was stably transfected to ex-
press low levels of lymphocytic choriomeningitis virus (LCMV)
peptide antigen GP33 (B16GP33). Ly5.1+/C57BL/6 mice were in-
fected with LCMV to isolate Teff and Tmem on post-infection
days 8 or > 30, respectively. Ly5.24+/C57BL/6 mice were inocu-
lated with subcutaneous B16GP33 tumors followed by either no
treatment or ACT with Teff or Tmem on days 1 or 7. On day
18-20, tumors were harvested for flow cytometric analysis
(FACS) to characterize tumor-infiltrating lymphocytes (TIL) and
composition of melanoma CSC versus non-CSC (NCSC) based on
expression of the CSC-specific marker aldehyde dehydrogenase
(ALDH).

Results

Tumor inhibition was observed after ACT, with greatest treatment
effect found after Tmem ACT (Figure 1). FACS analysis of CD8+
TIL showed a predominant exhausted and non-activated pheno-
type after Teff ACT; in contrast, CD8+ TIL exhibited a highly acti-
vated phenotype as well as superior endogenous CD8+ T cell
recruitment (Figure 2) after Tmem ACT. FACS analysis of tumor
cells after ACT demonstrated that ALDHhigh CSC fractions were
markedly expanded after Teff ACT, but diminished after Tmem
ACT (Figure 3).

Conclusions

Tmem-based ACT resulted in optimal tumor growth suppression, a
more activated TIL phenotype with superior CD8+ T cell recruitment,
and substantially stronger clearance of CSC compared to Teff ACT
and controls. These observations suggest that use of Tmem may en-
able cellular therapies to more effectively evade the suppressive ef-
fects of melanoma while selectively targeting CSC.
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Background

Immunogenicity validation of peptide neoantigens represents a crit-
ical bottleneck in the tumor antigen discovery process. Current bio-
informatics platforms for antigen prediction are unsatisfactory,
forcing researchers to screen many peptides per protein target in
order to identify the few bona fide antigens. Standard immunogen-
icity assays also cannot discriminate antigen-Human Leukocyte Anti-
gen (HLA) binding from T cell receptor (TCR) recognition, leading to
unnecessary screening of non-HLA binders in expensive and lengthy
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T cell reactivity assays that require large numbers of expensive pri-
mary cells. Further, the use of donor-derived antigen-presenting cells
to assay T cell immunogenicity and expand rare, antigen-specific
cells from the endogenous repertoire has inherent variability and a
minimal degree of quality control. Berkeley Lights has developed an
artificial antigen-presenting bead kit that expands antigen-specific T
cells from peripheral blood.

Methods

Peptide binding to HLA Class | and stability of the peptide-HLA com-
plex is assayed by loading peptides onto beads and staining with
antibody. Following validation of peptide-HLA binding, primary CD8+
T cells from peripheral blood are stimulated by antigen-presenting
beads twice over the course of two weeks. Frequencies of antigen-
specific T cells in the resulting cells is assayed by tetramer staining.
Antigen-specific T cells can be loaded onto the Berkeley Lights (BLI)
Lightning platform, a novel microfluidic platform that enables thou-
sands of single cell experiments in parallel. On the BLI Optoselect
chip, IFNg secretion and CD137 upregulation of antigen-specific T
cells is assayed in response to antigenic stimulation. Following ana-
lysis, single cells can be exported for further analysis.

Results

Berkeley Lights has developed an artificial antigen-presenting bead
that expands antigen-specific T cells from peripheral blood 10 times
more effectively than autologous dendritic cells. This system allows
users to load peptides of choice onto magnetic beads and use them
to assay peptide-HLA binding and stability, and to efficiently stimu-
late and expand antigen-specific T cells. Finally, in conjunction with
the Berkeley Lights Lightning platform and the T cell Phenotype and
Functional Analytics workflow, multiple functional parameters can be
assayed from as few as 1000s of T cells, linking peptide-HLA binding
and recognition to antigen-specific effector function.
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Background

Canine osteosarcoma (OSA) is an aggressively metastatic primary
bone malignancy with a 90% mortality rate. Many naturally occurring
canine cancers are genetically and biologically similar to their human
counterparts. All cancers express neoantigens and therefore are po-
tentially susceptible to vaccine-enhanced adoptive T cell therapy.
Syngeneic rodent studies demonstrated that metastases could be
permanently eliminated with vaccine-enhanced adoptive T cell ther-
apy. Canine OSA studies provide an excellent translational bridge be-
tween experimental metastatic rodent cancer studies and metastatic
human cancer clinical trials. We hypothesized that dogs with OSA
could be safely treated at diagnosis with surgery, autologous cancer
cell/P. acnes vaccination, adoptive T cell transfer (ACT) of ex vivo-acti-
vated T cells, and low dose human interleukin-2 (IL-2) resulting in im-
proved survival compared to carboplatin. We further hypothesized
that significant efficacy would be achieved by treating dogs with in-
tact immune systems and minimal residual disease [1,2].

Methods

14 client-owned cancer bearing dogs were enrolled in a one-arm
prospective trial. Dogs were staged with bloodwork, limb and thor-
acic radiographs, histopathology, and bone scans prior to amputation
to remove the primary bone tumor. Autologous cancer cell/P. acnes
vaccinations were administered intradermally weekly for three weeks.
Dogs underwent leukapheresis. Mononuclear white blood cell

Page 85 of 272

products were stimulated ex vivo with a T cell-specific superantigen.
Dogs received ACT of ex vivo-activated T cells followed by five sub-
cutaneous IL-2 injections. Dogs were monitored for development of
metastases via thoracic radiographs every three months.

Results

All 14 patients received autologous vaccinations. Due to early metas-
tasis, 11 dogs received ACT. One dog did not receive adjuvant IL-2;
ten dogs completed the entire protocol. Toxicity was minimal after
pre-medicants (NSAID, antihistamine, and antiemetic) were instituted
prior to ACT. With premedication, all toxicities were VCOG grade I/Il.
Median disease-free interval for all dogs was 213 days. Median sur-
vival time (MST) for all dogs was 415 days. Five dogs have survived
for over 621 days and are disease-free (Figure 1.) In addition, the re-
sults included at least one dog with complete regression of distant
macroscopic metastasis.

Conclusions

This immunotherapy protocol is safe and tolerable. Compared to
MST for historical amputation alone with or without adjuvant chemo-
therapy (MST of 307(1) and 134(2) days, respectively), a significant
survival benefit is noted in this group of patients. Further prospective
studies are warranted to gain additional immunologic insight to the
protocol, further improve disease response and survival, and evaluate
the translational impact this treatment could have in advancing hu-
man medicine.
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Background

Natural Killer (NK) cells hold great promise in immunotherapy,
particularly for lung cancer [1]. However, there is a paucity of
literature which organizes the susceptibility of various lung can-
cer subtypes to NK cells. We evaluated the cytotoxicity (necrosis
and apoptosis) of the NK cell line KHYG-1 (Effector) against cell-
lines of 3 different subtypes of lung cancer i.e. H1975, H1703,
A549 (Target). We also determined the levels of biomarkers rele-
vant to NK cell activation and function [2] i.e. the cell-surface
biomarker CD107a and 5 soluble biomarkers [Perforin,
Granzyme-A, Granzyme-B, IFN-gamma and TNF-alpha].

Methods

Three lung cancer cell lines (H1975, H1703, A549) (ATCC, Vir-
ginia) were plated at 100% confluency in 96-well plates (1.25
cells/cmA2, 3.2*¥10A5 cells/mL), while K562 cells (ATCC, Virginia),
used as a positive control, were suspended in the plate wells
at 3.2*10A5 cells/mL. KHYG-1 cells (JCRB, Japan) were added at
a density of 6.4*1076 cells/mL, at a 20:1 Effector:Target (E:T) ra-
tio. Cells incubated for 5 hours at 5% CO2, 37 °C.
Subsequently:

[il Cytotoxicity (necrosis and apoptosis) in target cells were
quantified using flow cytometry with PerCP-Cy™5.5 Annexin V
and Propidium lodide (PI).

[ii] CD107a expression on KHYG-1 cells was evaluated using
flow cytometry with PE-labeled anti-human CD107a Ab.

[iii] Expression levels of 5 soluble biomarkers (Perforin,
Granzyme-A, Granzyme-B, IFN-gamma and TNF-alpha)
were determined in the cell supernatants using Luminex.

Results

The cytotoxicity data suggests that for necrosis, all target cell-
lines were significantly different (all p values < 0.0001) from
each other in terms of susceptibility to the effector cells (A549
> H1703 > H1975 > K562) (Figure 1). K562 cells are significantly
higher in late apoptosis than all three lung cancer cell lines
(Figure 2). Amongst the 3 lung cancer cell-lines, the H1703 cell
line is significantly higher in late apoptosis than H1975 and
A549 cells (p-value < 0.05) (Figure 3). Although differences were
seen in the necrotic and late apoptotic profiles of target cells,
the CD107a expression on the KHYG-1 effector cells was similar
across all co-cultures (Figure 4). The soluble biomarker data
(Luminex) is being collected.

Conclusions

In conclusion, cell-lines corresponding to different lung cancer
subtypes, i.e. A549 (Carcinoma), H1703 (Squamous Cell) and
H1975 (Adenocarcinoma) exhibit significant differences in both
their necrosis and late apoptosis susceptibility when co-cultured
with NK cells. Such insight could be used to better guide NK
cell based immunotherapy development.
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Background

Adoptive cell transfer (ACT) of tumor-targeted T cells has demonstrated
encouraging clinical efficacy in some hematological cancers. However,
in solid tumors, targeting a single antigen (e.g., CAR-T and TCR therap-
ies) can lead to antigen escape and development of resistance. Further-
more, although support provided by lymphodepletion or cytokine
administration can enhance responses to ACT, these systemic treat-
ments are often associated with significant toxicities.

Torque’s Slipstream™ T cell manufacturing platform is a high-efficiency
process for generating Deep-Primed™ T cells: polyclonal non-
genetically engineered T cells that (1) are targeted against multiple
tumor-specific antigens and (2) carry immunomodulating cytokine pay-
loads to provide prolonged and locally directed immune support with-
out systemic toxicities. The Slipstream™ process is designed to resolve
the manufacturing challenge of generating high yields of early memory
phenotype tumor-reactive T cells, which are associated with clinical
benefit. Here, we show that the Slipstream™ process drives robust ex-
pansion while preserving favorable memory characteristics of natural
tumor-reactive T cells, and we demonstrate that Deep-Priming™ T cells
with Deep IL-15 or Deep IL-12 improves function.

Methods

Multi-targeted T cells (MTC) were comparatively generated from do-
nors via either a first-generation process or the new Slipstream™
process that leverages ex vivo expansion conditions optimized for
MTC production. T cell reactivity against tumor-associated antigens,
memory, polyfunctionality, cytotoxicity, and response to Deep IL-15
and Deep IL-12 were measured. The modularity of Slipstream™ was
tested by training MTC against antigen cassettes including cancer or
viral antigens and measuring reactivity against antigen subsets.
Results

Compared to a first-generation process, MTC generated with Slip-
stream™ exhibited >20-fold improvement in antigen-specific reactiv-
ity and a substantial improvement in the yield of memory-phenotype
antigen-specific T cells including a 10-fold increase in Tcf1-positive
cells. Furthermore, the Slipstream™ process yielded MTC with in-
creased polyfunctionality and specificity as measured by cytokine
production and TCR sequencing, respectively. Notably, T cells ex-
panded using the Slipstream™ process showed potent cytotoxicity
against human cancer cells as well as responsiveness to Deep IL-15
and Deep IL-12. The Slipstream™ process can also be adapted for
simultaneous training of MTC against different antigens including
virus-associated tumor antigens.

Conclusions

The Slipstream™ process is optimized to produce Deep-Primed™ MTC
with substantive increases in characteristics associated with clinical
efficacy: antigen reactivity, memory phenotype, and polyfunctionality.
Modularity of the Slipstream™ process has been demonstrated by
simultaneously training T cell clones reactive to cancer and virus-
associated antigens, and Deep-Primed™ MTC with cell-associated
Deep IL-15 or Deep IL-12 drives enhanced T cell function in vitro.
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Background

Endoplasmic reticulum (ER) stress induced by external or internal
stimuli activates a number of well-orchestrated cellular signaling pro-
cesses aimed to promote either cell apoptosis or to restore cellular
function and resolve the stress. In tumor microenvironment, induc-
tion of ER stress is known to dampen the antitumor activity of T cells
by reducing their mitochondrial function. However, if magnitude of
ER stress governs the T cell fate and function is unknown.
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Methods

We performed our study on B16 murine melanoma model and used
standard immunological techniques like flow cytometry, immunoblot
analysis, microscopy, real time PCR

Results

Using melanoma antigen gp100 reactive T cells, we found that low
level of ER stress enhances T cell stemness and promotes mitochondrial
biogenesis, whereas high level of ER stress triggers T cell death. More-
over, upon adoptive transfer, T cells treated with low dose ER stress in-
ducer are able to form long-lived memory in vivo, express reduced
level of co-inhibitory molecule, and demonstrate superior anti-tumor
immunity by increasing overall survival of B16 murine melanoma bear-
ing mouse. Mechanistically, we discovered that, upon ER insult at sub-
optimal level, a protective autophagy pathway is induced to promote
cell survival and maintain stemness through the protein kinase R-like
endoplasmic reticulum kinase (PERK)/ activating transcription factor-4
(ATF4)-dependent manner. Conversely, knockdown of PERK abrogates
autophagy activation, hampers mitochondrial biogenesis in response to
suboptimal ER stress, which in-turn compromises the antitumor func-
tion of melanoma antigen specific T cells. Furthermore, we demon-
strated that blocking autophagy in T cells hampers T cell anti-tumor
activity. Lastly, T cells which initiates autophagic process due to sub-
optimal ER stress show better potential to control tumor compared to
those, that do not enter into the process

Conclusions

Overall, these preclinical data highlights that, low level of ER stress
response is important for healthy cellular function and therapeutic-
ally, ER stress pathways can be manipulated in T cells in order to
regulate their antitumor potential.
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The study was approved by Medical University of South Carolina’s
Ethics Board, approval number 2018-00628.
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Background

Adoptive T cell therapy using patient T cells redirected to recognize
tumor-specific antigens by expressing genetically engineered high-
affinity T-cell receptors (TCRs) has therapeutic potential for melanoma
and other solid tumors. Clinical trials implementing genetically modified
TCRs in melanoma patients have raised concerns regarding off-target tox-
icities resulting in lethal destruction of healthy tissue, highlighting the ur-
gency of assessing which off-target peptides can be recognized by a TCR.
Methods

As a model system we used the clinically efficacious NY-ESO-1-spe-
cific TCR C259, which recognizes the peptide epitope SLLMWITQC
presented by HLA-A*02:01. We investigated which amino acids at
each position enable a TCR interaction by sequentially replacing
every amino acid position outside of anchor positions 2 and 9 with
all 19 possible alternative amino acids, resulting in 134 peptides (133
altered peptides plus epitope peptide). Each peptide was individually
evaluated using three different in vitro assays: binding of the NY-ESO
C259 TCR to the peptide, peptide-dependent activation of TCR-
expressing cells, and killing of peptide-presenting target cells. To
represent the TCR recognition kernel, we defined Position Weight
Matrices (PWMs) for each assay by assigning normalized measure-
ments to each of the 20 amino acids in each position. To predict
potential off-target peptides, we applied a novel algorithm project-
ing the PWM-defined kernel into the human proteome, scoring NY-
ESOc259 TCR recognition of 336,921 predicted human HLA-A*02:01
binding 9-mer peptides.
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Results

Of the 12 peptides with high predicted score, we confirmed 7 (in-
cluding NY-ESO-1 antigen SLLMWITQC) strongly activate human pri-
mary NY-ESO (C259-expressing T cells. These off-target peptides
include peptides with up to 7 amino acid changes (of 9 possible),
which could not be predicted using the recognition motif as deter-
mined by alanine scans.

Conclusions

Thus, this replacement scan assay determines the “TCR fingerprint”
and, when coupled with the algorithm applied to the database of
human 9-mer peptides binding to HLA-A*02:01, enables identifica-
tion of potential off-target antigens and the tissues where they are
expressed. This platform enables both screening of multiple TCRs to
identify the best candidate for clinical development and identifica-
tion of TCR-specific cross-reactive peptide recognition and consti-
tutes an improved methodology for the identification of potential
off-target peptides presented on MHC class | molecules. We used this
platform and demonstrate screening of multiple TCRs targeting
tumor antigens.
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Background

NK cells are powerful effectors in cancer immunotherapy and have po-
tential to treat various cancers; however significant challenges remain
in the treatment of solid tumors. Energy availability is compromised
surrounding solid tumors and NK cell metabolic reprogramming can
occur to inhibit NK effector functions [1]. Accumulation of adenosine in
the tumor microenvironment (TME) from the activity of ectoenzymes
CD39 and CD73 on cancer cells is one mechanism that leads to im-
paired NK cell function. Our previously published data has established
that the effects of TME adenosine on NK cells cause specific
reorganization of the cells’ metabolism and effector signatures to sup-
press NK cell function, and the cytokine combination of IL-12/15 was
hyperresponsive to adenosine [2]. One way to combat immunosuppres-
sion induced by cancer-produced adenosine is to engineer NK cells to
overcome this inhibition. To that end, we engineered NK cells to dir-
ectly target CD73 by imparting NK-specific signaling to enhance anti-
tumor activity against CD73+ lung carcinoma.

Methods

Peripheral blood-derived NK cells were isolated from healthy human
donors and expanded using feeder cells. NK cells were electroporated
using mRNA or transduced with lentivirus expressing the CD73-
targeting construct which bears signaling domains derived from
FcyRllla. Engineered NK cells expressing the construct were tested for
their killing ability against lung carcinoma A549 cells. The engineered
NK cells were then adoptively transferred into a CD73+ lung cancer
xenograft into NSG mice. Circulating CD73-CAR NK cells were quanti-
fied for their expression of activating markers NKG2D, DNAM, and
NKp30 and visualized using immunohistochemistry to determine infil-
tration into tumors, and mice were assessed for tumor growth.

Results

We showed NK cells can be efficiently redirected against CD73 to
block the generation of immunosuppressive adenosine and rescue
impaired NK cell anti-tumor immunity. Specifically, primary human
NK cells were successfully engineered to express the synthetic CD73-
FCyRIlla construct. Retargeted NK cells showed enhanced anti-tumor
functions in vitro against CD73-expressing A549 cells. Engineered pri-
mary NK cells also showed promise in stunting CD73+ lung cancer
tumor growth for up to 3 weeks in vivo. Current and future studies
include evaluation of off target effects and local injection to further
evaluate infiltration of the NK cells in vivo.
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Conclusions

The microenvironment of solid tumors is highly immunosuppressive
and adenosine has been shown to impair NK cell anti-tumor immun-
ity. A novel anti-CD73 targeting construct using NK cell signaling
components has been developed and shown to prevent tumor
growth of CD73+ lung carcinoma.
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Background

CAR-T cells are currently manufactured for clinical use by infection of
human T cells with viral vectors containing the CAR gene. The
current viral CAR-T manufacturing process is lengthy and costly and
electroporation has emerged as a promising alternative. However,
clinical use of electroporation technology in CAR-T has been difficult
and several clinical trials have met significant problems due to the
low transfection efficiency and/or high cell mortality.

Methods

Our novel understanding of the electroporation mechanism revealed that
the current widely-used electroporation methods have significant mis-
takes in the physical design as well as electroporation buffer design. The
first problem is the electroporation sample container design. It is well
known that electrochemical reaction generates gas bubbles that are
harmful to the cells and there was no good solution to the problem. Here
we used a novel pressurization approach to largely eliminate the effect.
Results

Combined with other improvements including electroporation
buffer design and post-electroporation cell culture strategy, we
have been able to achieve over 80% plasmid transfection effi-
ciency in unstimulated T cells and over 90% plasmid transfection
efficiency in stimulated T cells. The viability in survived cells is
over 95% measured by live/dead staining and the true survival
rate measured by survived cell number is over 66%. The new
electroporation method can achieve over 90% in gene editing
and the method is also widely applicable in electroporation of
NK cells, DC cells and monocytes.

Conclusions

The new method is also scalable as billions of cells can be processed
in the large volume electroporation setting. Our method can poten-
tially eliminate the need for expensive cell expansion and virus pro-
duction altogether, therefore cutting the huge economic burden of
CAR-T therapy.
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Background

Adoptive cancer antigen-specific T cell therapy currently comprised
of chimeric antigen receptor (CAR-) and T cell receptor (TCR) engi-
neered T cells. Clinical results from CAR-T cells have demonstrated
promising results in treating leukemia, while TCR-engineered T cells
which have the advantage of recognizing intracellular tumor anti-
gens is still in very early development.

Methods

Here, we report the development of two CD4+ or CD8+ TCRaf3-KO
reporter T cell lines for the screening and characterization of trans-
genic TCRs. A TCRaB-KO reporter T cell line was first developed by
knocking out the endogenous TCR a and {3 chains in the reporter T
cell line using CRISPR/Cas9 and the successful knockout is confirmed
by phenotypic assays and TCR v chain locus sequencing.

Results

We demonstrated that re-introduction of HA peptide-specific HA1.7
TCR a and B chains into TCRaB-KO reporter T cell lines results in HA
peptide-dependent TCR activation and luciferase reporter expression
when HA peptide is presented by a MHCII+ cell line. Furthermore,
the select expression of CD4 or CD8 variants in the TCRaB-KO re-
porter T cell line could enable the development of TCRs for both
MHCI- and MHClI-restricted tumor antigen targets.

Conclusions

The CD4+ and CD8+ TCRapf-deficient reporter T cells can serve as
valuable tools for screening and characterization of neoantigen-
specific TCRs
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Background

Immunotherapy using antigen-redirected lymphocytes such as
chimeric antigen receptor (CAR)-T or -NK cells in patients with solid
tumors has shown poor efficacy. Cell therapies are hindered by im-
munosuppressive cells such as inhibitory macrophages (M2s) and
myeloid-derived suppressor cells (MDSCs) that contribute to a highly
suppressive tumor microenvironment (TME) [1]. Researchers have
armed redirected lymphocytes with the ability to secrete cytokines in
hopes of promoting their proliferation and function in suppressive
TMEs [2,3]. However, the effect of these cytokines on other immune
cells within the TME, such as MDSCs and M2s, is unknown.

Methods

To determine how the human common gamma-chain cytokines,
interleukin(IL)-2, IL-7, IL-15, and IL-21 affect human MDSCs and M2s,
we exposed ex vivo enriched M2s and MDSCs to each cytokine sep-
arately and assessed changes in MDSC and M2 phenotype and ability
to dampen T-cell activation and proliferation. To further define
cytokine-induced changes in MDSC/M2 function in a more clinically
relevant system, we tested the ability of cytokine-exposed MDSCs/
M2s to impair CAR-T cell proliferation and anti-tumor activity in a
TME co-culture. As a clinical correlate, we assessed common gamma-
chain cytokine receptor expression on MDSCs and M2s within neuro-
blastoma and sarcoma patient tumors and tested the effects of cyto-
kine exposure on their suppressive capacity.

Results

Subsets of ex vivo enriched M2s and MDSCs expressed common
gamma-chain cytokine receptors. MDSCs expressed receptors for IL-2
(22%, avg. MFI=67, n=3), IL-7 (43%, avg. MFI=375, n=3), IL-15 (23%,
avg. MFI=310, n=3), and IL-21 (65%, avg. MFI=124, n=4); whereas
M2s expressed receptors for IL-2 (17%, avg. MFI=59), IL-7 (98%, avg.
MFI=543), IL-15 (36%, avg. MFI=619), and IL-21 (91%, avg. MFI=296).
Exposure of human MDSCs or M2s to IL-2, IL-7, IL-15, or IL-21 did not
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alter their cell-surface phenotype. Exposure of these suppressive
myeloid cells to IL-2, IL-7, and IL-15 did not change their ability to
suppress T-cell proliferation. In contrast, exposure of M2s and MDSCs
to IL-21 increased their ability to suppress T-cell proliferation and ac-
tivation (98% suppression by IL-21 exposed MDSCs vs. 72% suppres-
sion by control MDSCs; 98% suppression by IL-21 exposed M2 vs.
79% suppression by control M2 at a 2:1 T cel:MDSC/M2 ratio).
Conclusions

These results suggest that IL-21 increases the suppressive capacity of
human MDSCs and M2s. Ongoing experiments will define the mech-
anisms by which IL-21 alters MDSC and M2 suppression and further
define the effect of IL-21 exposed MDSCs and M2s on tumor growth
and CAR-T cell therapeutic efficacy in vivo.
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Background

PD-1 axis blockade therapies have shown success but responses are
limited to ~15% of cancer patients. These responses correlate with
presence of lymphocyte infiltrated, PD-L1 positive tumors. Strategies
that increase PD-L1 expression may improve outcomes of PD-1 axis
blockade. PD-L1 on tumor cells is induced by IFNy, secreted by NK
cells. We developed a method for producing therapeutic quantities
(>1,000 fold expansion within two weeks) of hyper-activated NK cells
with high anti-tumor cytotoxicity and enhanced IFNy secretion. The
utilizes particles from Plasma Membrane of K562 cells expressing
membrane bound IL21 (PM21-particles). Herein, the ability of PM21-
particle expanded NK cells to induce PD-L1 expression on various tu-
mors was tested in vitro and in vivo in ovarian cancer model. Fur-
thermore, the effect of anti-PD-L1 on NK cell anti-tumor activity was
tested in vitro and in vivo.

Methods

NK cells were expanded with PM21-particles as described. For in vivo
experiments, NSG mice were implanted with 1x10A6 SKOV-3 cells
i.p.. Mice were treated with 1077 PM21-NK cells (n=6) or with vehicle
control (n=6) on days 8 and 13. Mice were sacrificed on day 20 to
collect tumors. Tumors were perfused and retrieved tumor cells were
analyzed for PD-L1 expression while infiltrating immune cells were
phenotyped.

Results

PM21-NK treatment induced PD-L1 on >30% of tumor cells across
multiple cell lines. PM21-NK cells are negative for PD-1 and addition
of anti-PD-L1 had no effect on their cytotoxicity or cytokine produc-
tion. In in vivo experiment, PM21-NK cell treated mice had increased
PD-L1+ tumors vs. the untreated group (29.7% vs 14.5%, p<0.0001).
Despite T-cell depletion, T-cells made up ~22% of hCD45+ events in
perfused tumors, 83% of which were Tregs. PM21-NK cells are PD-1-,
but are inhibited by Tregs. Untreated and anti-PD-L1 alone mice had
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median survival of 24 days. Treatment with PM21-NK cells improved
survival over untreated (p=0.0003) and PD-L1 alone (p=0.0002)
groups having median survival of 40 days. Combination of PM21-NK
cells with anti-PD-L1 further improved of survival over the PM21-NK
cells alone group (48 days, p=0.042) with 25% of mice still remaining
in good health at day 58.

Conclusions

These data support the use of anti-PD-L1 in NK cell therapy, regard-
less of initial tumor PD-L1 status. PM21-NK cells can be used for
tumor treatment and to prime tumors to express PD-L1. The PD-L1
induced upon NK cell treatment can serve as “universal targetable
ligand” if used with humanized anti-PD-L1 antibodies to cause tumor
killing by ADCC.
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Background

Autologous Chimeric Antigen Receptor (CAR) T cell therapy for re-
lapsed/refractory Multiple Myeloma (MM), such as Poseida’s anti-B
cell maturation antigen (BCMA) product candidate, P-BCMA-101,
have shown significant efficacy in the clinic. P-BCMA-101 is com-
prised of a high percentage of stem cell memory T cells (TSCM),
resulting in a product that is much safer and potentially more dur-
able than other anti-BCMA autologous product candidates. However,
individualized products have expensive and time-consuming manu-
facturing and significant variability in input patient T cells characteris-
tics. We are developing P-BCMA-ALLO1, an off-the-shelf anti-BCMA
allogeneic (allo) CAR-T product candidate manufactured from serial
healthy donor material that circumvents many of the downsides of
an individualized CAR-T product.

Methods

P-BCMA-ALLO1 is produced using two key platform technologies:
the nonviral piggyBac® (PB) DNA Modification System and the
high-fidelity Cas-CLOVER™ (CC) Site-Specific Gene Editing System.
The PB transposase mRNA and DNA encoding the PB-based
transgene are electroporated along with the components of the
CC system needed to knockout (KO) the T Cell Receptor (TCR)
and beta-2 microglobulin, thereby eliminating expression of Major
Histocompatibility Complex (MHC) class I. The T cells are then ex-
panded using our proprietary "booster molecule.” The resulting
product demonstrates expression of the transgene in nearly all
cells, and after a purification step, have eliminated all TCR expres-
sion and most MHC class | expression.

Results

We have produced P-BCMA-ALLO1 at both research and near-
clinical scale from >35 donors with >97% manufacturing success.
Efficiencies of TCR-KO ranged from ~50-90%, with final product
always demonstrating >99% TCR-KO. T cell expansion varied from
~0.5-20 fold. At clinical production scale, this translates to up to
250 doses of CAR-T per manufacturing run at a dose of 150x10e6
cells/patient. P-BCMA-ALLO1 demonstrated a high-percentage of
TSCM cells (CD45RA+CD62L+CD45R0-). Furthermore, P-BCMA-
ALLO1 generated from multiple donors demonstrated potent effi-
cacy in the RPMI-8226 xenograft model in NSG mice, thus estab-
lishing the feasibility of using serial individual donors in our
manufacturing process.

Conclusions

In summary, these data demonstrate a robust, reproducible and
highly scalable manufacturing process. Moreover, this production
process can be expanded for use with additional targets for treat-
ment of other heme or solid tumors.
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Background

The use of engineered T cells for the treatment of solid cancers remains
challenging. Recently, we developed a novel antibody-T cell receptor
(AbTCR) ARTEMIS™ T-cell platform, which combines antibody-based target
recognition with gamma/delta TCR-based cellular activation [1]. In contrast
to chimeric antigen receptors (CARs), the AbTCR forms a natural multi-
meric receptor with the endogenous CD3 complex, which feeds into a
network of signaling pathways that regulate T-cell activation. In addition,
the inclusion of gamma/delta TCR chains within the AbTCR avoids the for-
mation of mispaired receptors with unknown cross-reactivity, which is a
potential risk associated with current alpha/beta TCR-based therapies.
Using the core design of the AbTCR ARTEMIS™ T-cell platform, we de-
veloped ET140202 for the treatment of hepatocellular carcinoma (HCC).
ET140202 features an AbTCR targeting alpha-fetoprotein (AFP)peptide/
MHC complexes (specifically AFP158-166/HLA-A2) expressed on HCC
cancer cells. To optimize T-cell activation and expansion, the AbTCR is
co-expressed with a CD28-based co-stimulatory molecule engineered
to target Glypican 3 (GPC3) expressed on HCC cancer cells.

Methods

To test the specificity and potency of ET140202 T cells in vitro,
ET140202 T cells were co-incubated with either target-positive or
target-negative cells. Lactate Dehydrogenase release was used to
quantify target cell lysis. CFSE assay was used to measure cell prolif-
eration. Expression of differentiation and exhaustion markers were
determined by flow cytometry. The in vivo anti-tumor activity of
ET140202 T cells was tested in an AFP+/HLA-A2+ Hep G2 liver cancer
xenograft model. We also engineered the same anti-AFP158-166/
HLA-A2 binding moiety onto a CD28-based CAR (AFP-CAR) and com-
pared AFP-CAR-T cells to ET140202 T cells in various assays.

Results

ET140202 T cells specifically lysed AFP-positive tumor cells. Com-
pared to AFP-CAR-T cells, ET140202 T cells displayed enhanced
in vitro cell killing and proliferation even after repetitive antigen
stimulations. ET140202 T cells also display a less exhausted surface
phenotype (e.g. lower PD-1 expression) and a higher percentage of
central memory T cells (CCR7+ CD45RA-) after antigen stimulation. In
vivo, both intravenous and intratumoral single administration of
ET140202 T cells led to significant tumor growth inhibition.
Conclusions

ET140202 is built upon our novel AbTCR ARTEMIS™ T-cell platform,
which was designed to harness the natural biology of T cells to fight
cancer. Both in vitro cellular assays and in vivo mouse studies sup-
port the safety and efficacy of ET140202 T cells. Whether these pre-
clinical findings for AbTCR-based ET140202 T-cell therapy translate
into the clinical setting is currently being tested (clinicaltrial.gov,
NCT0399803).
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Background

Current chimeric antigen receptor (CAR) T cell therapies are clinically
efficacious against several B cell malignancies, but are less effective
at eliminating solid tumors. A key contributor to this observed lack
of efficacy is the tumor microenvironment (TME) that is erected by
solid tumors to impose immunosuppressive physical and chemical
barriers to T cell function and survival. To break TME-driven immuno-
suppression, attempts have been made to arm CAR-T cells with the
ability to produce immunomodulatory payloads that target features
of the TME. By their nature, these immunomodulators (e.g. Interleu-
kin 12) are frequently toxic when systemically delivered. Due to a
limited repertoire of existing programmable gene regulators, consti-
tutive expression and systemic distribution of immunomodulators by
armed CAR-T cells is common.

Chimera Bioengineering has characterized a novel, post-transcriptional
gene regulatory node that strictly governs effector outputs in human T
cells. This gene regulatory node, termed Gold, has been used to create
enhanced CAR-T therapeutics that produce tightly controlled immuno-
modulatory outputs only upon tumor engagement.

Methods

Methods include: design and characterization of a proprietary bicis-
tronic GoldCAR lentiviral vector to simultaneously deliver both CAR
and IL12 transgenes; production of lentivirus and infection of primary
human T cells; in vitro characterization of GoldCAR-T cell function
utilizing cell based assays, immunoassays and flow cytometry; im-
plantation of subcutaneous xenograft tumors in NSG mice with
tumor growth monitored by caliper and bioluminescent imaging
(BLI) to assess in vivo efficacy; and ex vivo analysis of blood, tumor
and lymphatic organs to characterize safety profile.

Results

CD19 targeted GoldCAR-T cells delivering IL12 demonstrate im-
proved efficacy over standard CD19 CAR-T cells in a subcutaneous
Daudi B cell xenograft mouse model. These GoldCAR-T cells exhibit
comparable efficacy to CAR-T cells with constitutive IL12 expression,
but levels of pro-inflammatory cytokines in the peripheral blood are
lower in the mice treated with GoldCAR-T cells.

Conclusions

GoIldCAR-T cells with tumor proximal IL12 delivery demonstrate en-
hanced efficacy over standard CAR-T cells and an improved safety
profile compared to CAR-T cells with constitutive IL12 expression.
The implications of this study point to an amplified CAR-T cell re-
sponse in an immunosuppressive tumor microenvironment.
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Background
Natural killer (NK) cells are part of the innate immune system, but are
capable of participating in both innate and adaptive immune
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responses due to their wide range of cytolytic activities, from de-
granulation, secretion of cytokines to antibody-dependent cell-
mediated cytotoxicity. These are possible due to the cells’ ability to
recognize self and non-self-entities via the net signal generated from
their activating and inhibitory receptors upon engagement. One such
receptor is TIM-3, which is expressed on various lymphocytes. In T-
cells, TIM-3 is an exhaustion marker [1], but on NK cells, results are
conflicting in regards to its function as the receptor exhibits both ac-
tivating and inhibitory effects depending on disease type and activa-
tion status [2-6].

Methods

NK cells were isolated from peripheral blood of healthy donors.
After expansion, they were co-cultured for 4 hours with glioblast-
oma (U87) at effector:target (E:T) ratios of 2.5:1 and 10:1, and
various receptors were screened by flow cytometry, including PD-
1, NKG2A, LAG-3, CD158b, CEAMCAM-1 and TIM-3. Then, expres-
sion of TIM-3 was measured when in the presence of patient-
derived primary glioblastoma cells (GBM43) and prostate cancer
(PC3) for 4 hours. To determine the effect of TIM-3 expression,
killing assay are being carried out by blocking TIM-3 on NK cells.
Further investigation is being performed by blocking one of TIM-
3’s primary ligands, Galectin-9, on cancer cells to determine its
impact on NK cell cytotoxicity. Statistical analyses are completed
in SAS JMP Pro 14.

Results

We found that TIM-3 is significantly downregulated on primary hu-
man NK cells, in both frequency and surface density, when exposed
to solid tumor cells such as U87, GBM43 and PC3 at multiple E:T ra-
tios. Unlike other inhibitory NK receptors, this downregulation was
unique to TIM-3. However, it is not known why the downregulation
occurs with solid tumors, and whether this change in expression af-
fects NK killing capacity. Here, we report the role of TIM-3 on NK cell
cytotoxicity against solid tumor cell lines and the role of Galectin-9 in
mediating NK cell activity.

Conclusions

We found that Tim-3 was significantly downregulated on NK cells in
response to solid tumor cells. Understanding the complex roles of
Tim-3 expression on NK cells allows us to better understand the nu-
anced immunomodulatory role of Tim-3 on NK cell anti-tumor re-
sponses, and provide a basis for the development of
immunotherapies targeting impaired NK cell function in solid tumors
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Background

Human papillomavirus positive (HPV+) oropharyngeal squamous cell
carcinoma (HPV-OPSCC) accounts for ~80% of OPSCCs in the United
States. Although HPV-positivity confers improved survival relative to
HPV(-) OPSCC, outcomes for metastatic HPV-OPSCC remain dismal.
High tumor infiltrating lymphocytes (TILs) are associated with better
outcomes in HPV-OPSCC and have the promise of a therapeutic role
based upon their intrinsic enhanced tumor specificity. However, not
all tumors possess TlLs. To date, therapeutic expansions involve sur-
gical excision of the tumor, expansion of TILs with high-dose IL-2 for
up to 4 weeks and clinical product success rate between 40-60%.
Marrow infiltrating lymphocytes (MILs) represent a novel and distinct
T cell population obtained from the bone marrow (BM) of patients
that possess significant tumor-specificity over peripheral blood lym-
phocytes (PBLs). Although the early work was done in myeloma, the
unique nature of the BM microenvironment makes it a reservoir of
antigen-experienced memory T cells in numerous solid tumors. As
such, we sought to determine whether HPV-specific MILs could be
identified and expanded ex vivo.

Methods

We obtained bone marrow and peripheral blood from patients with
localized, HPV-OPSCC. A modified version of the MANAFEST assay
was used to evaluate proliferation of peripheral and bone marrow-
derived CD8+ T cells in response to HPV early 6 (E6) and early 7 (E7)
peptides (HPVFEST) in a HPV-OPSCC patient.

Results

T cell receptor sequencing and bioinformatic analysis of each peptide-
stimulated culture revealed a markedly increased frequency of HPV-
specific T cells in MILs compared to peripheral blood. HPV-specific MILs
showed a higher average TCR clone frequency relative to PBLs (p value
= 0.0037). Additionally, of the 5 highest expanded TCR clones for both
compartments HPV-specific MILs possessed an increased average rep-
resentative clone frequency (p value = 0.0001). To investigate general
responsiveness to shared tumor antigens, we incubated autologous BM
with lysate from an HPV+ OPSCC and then added ex-vivo activated
MILs and PBLs. Tumor specificity was defined as IFNX production in
CD3 cells. MILs possessed an average of 50.73% IFNX production as
compared to 0.11% in PBLs to HPV-OPSCC lysate.

Conclusions

Collectively, these data indicate that HPV-specific T cells exist in the
BM of patients with localized disease and possess a greater clonoyt-
pic frequency and functional tumor recognition compared to PBLs.
These data provide the rationale for developing this novel adoptive T
cell approach using MiLs in this patient population.

Ethics Approval
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Background

Currently, the prognosis of children with relapsed refractory(r/r) Burkitt lym-
phoma(BL) remains dismal . New therapies are exlored to achieve a higher
remission rate such as immunotherapy for these patients We have success-
fully treated a case by adopting sequential autologous chimeric antigen re-
ceptor T cell(CAR-T) therapies, targeting antigen CD19,CD22,and CD20.
Methods

An 8-year-old boy was studied,who presented with a mass on the
right side of the neck and was diagnosed with BL by pathology. The
child was treated with standard chemotherapy but suffered from re-
lapse. Subsequently, anti-CD19, anti-CD22, and anti-CD20 autologous
CAR-T cell treatments were sequentially administered. We observed
the clinical manifestations and response to the three cycles of CAR-T
treatments, values of peripheral CAR-T cells were also monitored and
side effects were assessed.

Results

The patient displayed no response to anti-CD19-CART treatment
After CD-22 directed CART the patient got partial remission (PR),but
relapse occurred quickly. Finally, after the use of anti-CD20 CAR-T cell
therapy, the child achieved complete remission (CR) and has cur-
rently achieved a 6-month event-free survival (EFS). During the CD19
and CD20 CAR-T cell treatments, only mild cytokine release syn-
drome (CRS) were observed in the patient (grade 1) while he devel-
oped a grade 3 CRS during CD22 CAR-T therapy, the symptoms
included fever and hypoxemia.

Conclusions

Autologous CAR-T cell therapies targeting multplei tumor antigens
could be novel and safe treatments for children with r/r BL.

Consent

Written informed consent was obtained from the patient for publica-
tion of this abstract and any accompanying images. A copy of the
written consent is available for review by the Editor of this journal.
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Background

“Public” neoantigens represent immunogenic epitopes encompassing
hotspot mutations in driver oncogenes that are also restricted by
common HLA alleles. In contrast with patient-specific “private”
neoantigens, public neoantigens are conceptually attractive because
they are tumor-specific, clonally conserved, and shared across pa-
tients. Whether PIK3CA, the most common driver oncogene in breast
and endometrial cancer, can yield public neoepitopes that may be
exploited for cancer immunotherapy is unknown.

Methods

We have developed a high-throughput, single-cell functional assay for
the discovery and retrieval of TCR alpha/beta gene sequences that con-
fer specific recognition of endogenously processed and presented pub-
lic neoantigens and not the corresponding wild type (WT) sequence. In
this approach, donor-derived T cells are sensitized with autologous
antigen presenting cells (APCs) electroporated with RNA encoding
PIK3CA hotspot mutations. Expanded T cells are subsequently divided
into paired daughter wells for short-term co-culture with APCs electro-
porated with minigenes containing either mutant or WT PIK3CA se-
quences. Acutely re-stimulated T cells from paired wells are subject to
single-cell alpha/beta TCR VDJ and RNA sequencing. TCR alpha/beta
gene sequences associated with selective upregulation of TCR signaling
transcripts to mutant but not WT PIK3CA stimulation are subsequently
cloned into retroviral vectors to confirm reactivity.
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Results

Using this method, we have retrieved multiple TCRs that confer specific
recognition of a public neoepitope derived from a PIK3CA hotspot mu-
tation (H1047L). These TCRs are restricted by HLA-A*03:01, an allele
present in 20.5% of the North American population. Immune-
precipitation/tandem mass spectrometry analysis determined that the
endogenously processed and presented public neoepitope is a 9 amino
acid sequence containing a His to Leu substitution at position 2. To
understand the mechanistic basis for the immunogenicity of this public
neoepitope, we generated x-ray crystallography structures of mutant
and WT epitopes bound to HLA-A*03:01 at ~2A resolution. These stud-
ies revealed significant topologic overlap in the bound peptides. By
contrast, the thermal and kinetic stability of the mutant peptide/HLA-
A*03:01 complex was significantly enhanced relative to the WT com-
plex, as measured by differential scanning fluorimetry and fluorescence
anisotropy assays. Peripheral blood T cells genetically engineered with
PIK3CA public neoantigen-specific TCRs cytolytically cleared target cells
in a HLA/mutation-specific manner, leaving HLA-mismatched or WT tar-
get cells unperturbed.

Conclusions

These findings reveal for the first time the existence of an endogen-
ously processed and presented public neoantigen derived from a
PIK3CA hotspot mutation. These results open the possibility of target-
ing this common driver oncogene using adoptively transferred and
genetically redirected T cells.

Ethics Approval

The study was approved by Smita Chandran's Institution’s Ethics
Board, approval number IRB 17-250.
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Background

Particulate delivery of artificial antigen presenting cells (@APCs) is a promis-
ing cell-free strategy to initiate selective T cell stimulation for immunother-
apy in vivo. While 2D aAPC strategies aim to optimize T cell proliferation
and selection in vitro for subsequent cell therapy, it would be advanta-
geous to deliver “off-the-shelf” biodegradable aAPCs directly as an in vivo
therapeutic. 3D aAPC effectiveness has been limited due to inefficiencies
in stimulating T cells as well as rapid clearance of delivered particles. To
improve bioavailability as well as increase particulate aAPC effectiveness,
we have developed a soft, biodegradable, microparticle aAPC (Figure 1).
To create a new platform technology for immunoengineering, material
and shape are investigated as parameters for improving T cell stimulation.
Methods

One micron size particles were synthesized using a poly(ethylene gly-
col) diacrylate (PEGDA) or using a poly(lactic-co-glycolic acid) emulsion
method [1,2]. Anti-CD3 and anti-CD28 conjugated particles were incu-
bated with primary mouse T cells and proliferation was quantified at 3
and 7 days. For macrophage uptake studies, particles were incubated
with macrophages at 37 °C to analyze particle uptake and 4 °C to evalu-
ate binding of particles to cells. To synthesize soft, ellipsoidal aAPCs, a
novel thin-film stretching technique was developed where emulsified
PEGDA droplets were frozen then cast into films and stretched [3].
Results

Protein conjugation efficiency and T cell proliferation were 10-fold
higher for PEGDA particles than PLGA particles (Figure 2a-b). Uptake
studies indicate a ~20-fold decrease in binding and uptake by the
PEGDA particles (Figure 2c). Ellipsoidal aAPCs stimulate T cells 3
times more effectively than spherical particles (Figure 3b,d). Uptake
studies indicate a ~10-fold decrease in nonspecific uptake of ellips-
oidal particles (Figure 3c).

Conclusions

Particle material and shape are significant factors in designing partic-
ulates as biomimetic aAPCs for in vitro T cell stimulation. Ongoing
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work on further decoupling these parameters and optimizing in vivo
efficacy has the potential to unleash a promising biomimetic plat-
form technology for immunoengineering of T cells.
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Background

ADP-A2M4 is a genetically engineered autologous affinity-enhanced
receptor immunotherapy (SPEAR T-cells) directed towards a MAGE-
A4 peptide expressed in the context of HLA-A*02 on tumor cells.
Clinical responses with ADP-A2M4 have been reported in patients
with advanced MAGE-A4+ synovial sarcoma (SS) tumors. Here, we
describe intra-tumoral and peripheral correlates associated with clin-
ical response and resistance in two patients with SS.

Methods

Transduced T-cell persistence was determined by gqPCR in PBMCs.
Serum  cytokines were measured via a  multiplexed
electrochemiluminescence-based immunoassay (MSD). Immunohisto-
chemistry for antigen and immune markers was performed on FFPE
tumor biopsies collected from patients prior to and following ADP-
A2M4 transfer. A digital PCR-based assay was performed on FFPE
tumor biopsies to detect the presence of SPEAR T-cells in the tumor.
T-cell cytotoxicity assays were performed in vitro using the IncuCyte®
platform. Clinical responses were assessed by RECIST v1.1.

Results

In the first patient, the best overall response (BOR) following ADP-
A2M4 treatment was a partial response. Multiple correlates previously
shown to be associated with response were observed. The patient’s
pre- and post-infusion tumor biopsies expressed high levels of
MAGE-A4 protein. Post-infusion, high levels of persisting transduced
cells were observed in peripheral blood. Additionally, the patient had
a grade 2 CRS event associated with a high level of serum IFN-g and
IL-15 induction. In the post-infusion tumor sample, a notable increase
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in CD3+ T-cell infiltration, including SPEAR T-cells, was observed
along with PD-L1 induction.

In the second patient, the BOR was stable disease; then the disease pro-
gressed. MAGE-A4 protein expression was lower prior to ADP-A2M4 infu-
sion, compared to the 1st patient. Minimal peripheral induction of IFN-g
and IL-15 was observed post-infusion along with a lower level of trans-
duced T-cell persistence, compared with the 1st patient. No CRS was re-
ported in this patient. Both patients’ manufactured products contained
transduced CD8+ T-cells capable of killing antigen-expressing targets
in vitro. In the responding patient, effective target killing was observed in
transduced CD8+ T-cells isolated from the tumor site post-infusion. Eight
additional SS patients have been treated, and we continue to analyze
biomarkers in these patients.

Conclusions

Based on these two cases, we have identified some factors that may
contribute to the anti-tumor activity of ADP-A2M4. High antigen ex-
pression levels, IL-15 and IFN-g cytokine induction, good engraft-
ment, tumor site trafficking, and cytolytic function of SPEAR T-cells
may be associated with favorable responses in SS patients treated
with ADP-A2M4.

Trial Registration

NCT03132922
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Background

Although T-cells genetically modified to express chimeric antigen recep-
tors (CARs) are successfully used to treat hematological malignancies, pa-
tients still suffer from several drawbacks of conventional CAR (cCAR)
therapy. CAR-T-cells can cause severe to life-threatening adverse reac-
tions like on-target, off-tumor toxicities which cannot be controlled in pa-
tients. Moreover, cCAR therapy often fails to successfully affect solid
tumors and bears the risk to encourage tumor escape variants upon tar-
geting of only one single tumor-associated antigen (TAA). In order to
overcome these problems, we have established a novel on/off-switchable
RevCAR system facilitating combinatorial targeting strategies.

Methods

For combinatorial targeting one T-cell has to be modified with two separ-
ate CARs recognizing different TAAs. The first CAR mediates the activation
and the second CAR the costimulatory signal. In case of ‘AND’ gate tar-
geting, dual-CAR-T-cells have to recognize both TAAs on the surface of
the target cells to get activated. However, such combinatorial targeting
strategies are struggling with several challenges including the adjustment
of signal strength and affinity of both split CARs as well as the CAR size
limiting the number of transduced specificities. In order to overcome
these obstacles, our idea was to construct small RevCARs comprising only
a small peptide epitope as extracellular domain. By removing the extra-
cellular single-chain variable fragment (scFv) of cCARs, RevCARs avoid
tonic signaling induced by scFv dimerization. As RevCARs do not have an
extracellular antigen binding moiety, they cannot bind to any antigen
per se. Thus, actually they are switched off. Only in the presence of a bis-
pecific target module (RevTM), RevCAR-T-cells can be redirected to tumor
cells and switched on. Finally, short-living RevTMs allow a repeatedly on/
off-switch and controllability of RevCAR-T-cells and furthermore a flexible
redirection of RevCAR-T-cells to any target.

Results

For proof of concept two small peptide epitopes were selected to
construct the respective RevCARs. Additionally, a series of different
RevTMs was generated recognizing one of the two peptide epitopes
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and simultaneously any potential TAA. RevTMs were able to effi-
ciently redirect RevCAR-T-cells specifically against different tumor tar-
gets. Moreover, we show that combinatorial targeting can be
achieved using our RevCAR system. Here, dual-RevCAR-T-cells were
efficiently activated only after engagement by two RevTMs targeting
the activating or costimulatory RevCAR and different TAAs.
Conclusions

Taken together, we developed a switchable RevCAR platform showing
high effectiveness, increased specificity, improved safety, easy control-
lability, and small size facilitating combinatorial tumor targeting.

Ethics Approval

The study was approved by local authorities and the Ethics Board.
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Background

Immune checkpoint inhibitors (ICls) are being tested in myelodys-
plastic syndromes (MDS) based on pre-clinical data suggesting that
the relevant targets are expressed on tumor and immune cells. Here
we study both tumor cells and T cells from patients with higher-risk
MDS to assess the role of PD-L1.

Methods

Patients’ CD3+ control cells, CD34+ stem cells, and their autologous
MDS cell lines (MCLs) were analyzed by DNA and RNA sequencing to
identify somatic variants present in the tumor cells and absent from
the control cells. From all somatic variants identified, we generated
and tested neopeptides in vitro for their ability to induce tumor-
specific T cell responses. A T cell killing assay was performed to as-
sess which neopeptide-specific T cells were capable of mediating
tumor cell lysis (Figure TA). In parallel, tumor PD-L1 expression levels
were measured by flow cytometry before and after 24-hour incuba-
tion with tumor-specific autologous T cells. As a control for back-
ground tumor cell lysis and PD-L1 expression, tumor cells were also
incubated with CEF-specific T cells (CEF: CMV, EBV, and flu peptides).
Results

Patients’ tumor cells did not express PD-L1 at baseline. Remarkably,
after co-culture, PD-L1 expression on the tumor cells ranged from
20% to 70% (Figure 1B). Tumor cells, when incubated with CEF-
specific T cells, did not upregulate PD-L1, suggesting that PD-L1 ex-
pression may be linked to target recognition by neoantigen-specific
T cells (Figure 2). Interestingly, tumor cell lysis was independent of
PD-L1 expression on tumor cells (Figure 1C). Additionally, IFNg
neutralization did not affect PD-L1 expression nor ability to lyse
tumor cells (Figure 3). These data show that when tumor cells are in-
cubated with autologous tumor-specific T cells, the tumor cells up-
regulate PD-L1 expression yet do not escape lysis by T cells.

Since lysis of tumor cells may occur prior to their upregulating PD-L1, we
pre-incubated tumor cells with soluble IFNg prior to co-culture with T cells.
Tumor cells were 96% PD-L1+, and were lysed by tumor-specific T cells at
the same level of target cells that had not been treated with IFNg (Figure 4).
Conclusions

Collectively, these data lend support to the notion that, in this sys-
tem, PD-L1 is not a main player in MDS tumor immune evasion, sug-
gesting that tumor immune evasion might function in a PD-L1-
independent way. They also suggest that cognate recognition of
tumor cells by neoantigen-specific T cells can cause the upregulation
PD-L1 on target cells via a yet to be identified mechanism.

Ethics Approval

The study was approved by the University of California, San Diego's
Institutional Review Board, HRPP #161345.
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Background

MD Anderson Cancer Center’'s tumor-infiltrating lymphocyte (TIL)
program has expanded TIL from tumor fragments of cutaneous
metastatic melanoma using high dose IL-2 from over 900 patients
with a growth success averaging 62% [1]. Surprisingly, this
growth success plunges to 45% for metastatic uveal melanoma
tumor fragments [2] and less than 20% from primary uveal tu-
mors. The reason for this drop is unclear as uveal melanomas
have an infiltration of CD8+TIL comparable to cutaneous melan-
oma [2], which in theory makes it an attractive candidate for im-
munotherapy. However, limited success observed with checkpoint
therapy prompted us to explore ex vivo manipulation of the TIL.
A previous report demonstrated the feasibility of TIL adoptive cell
therapy for metastatic uveal patients using a TIL product ex-
panded from metastases [3].

Since the primary and metastatic sites of uveal melanoma dis-
play preserved gene mutations, indicating a potential shared
antigen landscape, one could propose generating a TIL product
from the primary tumor when the patient undergoes enucle-
ation and to utilize this product for treatment at time of
recurrence.

Methods

Given the challenge of propagating TIL from a primary uveal
tumor in high dose of IL-2 only, we hypothesized that our new
TIL3.0 method to propagate TIL from tumor fragments (1st phase
of expansion), based on the 3-signals required for optimal activa-
tion of a T-cell (TCR engagement, costimulation and cytokine ex-
posure) would enable TIL growth from a higher percentage of
primary uveal tumors given the success obtained with metastatic
sites [1]. This product can be banked and accessed later for treat-
ment at recurrence.

Results

The TIL3.0 expansion platform was shown to be optimal for T-cell
propagation allowing for successful expansion of TIL from primary
uveal melanoma tumors in >90% of the cases (n=20). This expan-
sion was rapid (less than 3 weeks) and consistently composed of
CD8+CD3+TIL. This later observation is attributed to the use of
the agonistic anti-CD137/4-1BB, Urelumab, as of costimulation sig-
nal in our TIL3.0 method.

The TIL3.0 method applied to primary tumors could be scaled
and adapted for GMP. This process, followed by a rapid expan-
sion protocol, was applied to treat the first metastatic uveal pa-
tient with a TIL product generated from the primary tumor. The
patient was infused with a total of 14.4 billion TIL with a viability
of 99%.

Conclusions

This study demonstrates the feasibility of generating a TIL product
from a primary uveal tumor to be used for treatment at recurrence.
Trial Registration

NCT00338377
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Background

NF-kB p50 binds DNA but, unlike p65, lacks a trans-activation do-
main and recruits co-repressors. Macrophages and dendritic cells
lacking NF-kB p50 are skewed towards a pro-inflammatory pheno-
type, with increased cytokine expression and enhanced T cell acti-
vation; additionally, murine melanoma, fibrosarcoma, colon
carcinoma, and glioblastoma grow slower in p50-/- mice. Given
these data, we evaluated efficacy of p50-deficient immature mye-
loid cells (p50-IMC) adoptively transferred into tumor-bearing hosts.
Immature cells were utilized to maximize tumor localization, and
pretreatment with 5-fluorouracil (5FU) was examined due to its po-
tential to impair marrow production of myeloid cells, to target
tumor myeloid cells, and to potentially release tumor neoantigens.
Methods

WT-IMC or p50-IMC were generated by culturing lineage-negative
marrow cells from WT or p50-/- mice in media containing TPO, SCF,
and FL for six days followed by M-CSF for one day on ultra-low at-
tachment plates. Mice inoculated with Hi-Myc prostate cancer (PCa)
or K-Ras(G12D) pancreatic ductal carcinoma (PDC)-luciferase cells re-
ceived 5FU followed five days later by three doses of 1E7 IMC every
three to four days. Some groups also received four doses of anti-PD-
1 antibody twice weekly alone or with p50-IMC.

Results

PCa grew slower in p50-/- mice, and absence of host p50 led to
prolonged survival of mice inoculated orthotopically with PDC.
5FU followed by p50-IMC slowed PCa and PDC tumor growth ~3-
fold in contrast to 5FU followed by WT-IMC, 5FU alone, or p50-
IMC alone. Slowed tumor growth was evident for 93% of PCa tu-
mors but only 53% of PDC tumors. In PCa, p50-IMC predomin-
antly generated tumor and draining lymph node F4/80+
macrophages, but also CD11b+F4/80-CD11c+ conventional den-
dritic cells. A subset of tumor and nodal macrophages co-
expressed Ly6C and MHCII and had reduced MR compared to
host macrophages, collectively indicating a pro-inflammatory
phenotype. p50-IMC also produced a 5-fold increase in activated
PCa tumor CD8 T cells, and antibody-mediated CD8 T cell deple-
tion obviated slower tumor growth induced by 5FU followed by
p50-IMC. Anti-PD-1 markedly slowed PCa growth but had little ef-
ficacy against PDC, whereas anti-PD-1 combined with p50-IMC
slowed PDC tumor growth to prolong survival more effectively
than either alone in an initial experiment.

Conclusions

5FU followed by p50-IMC slows the growth of murine prostate and
pancreatic ductal carcinoma and depends upon CD8 T cell activation.
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Deletion of p50 in patient-derived marrow CD34+ cells and subse-
quent production of IMC for adoptive transfer may contribute to the
therapy of these and additional cancers, alone or with additional
immunotherapies.
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Background

For chimeric antigen receptor T-cell (CAR T) therapy to treat
chronic lymphocytic leukemia (CLL), recent work associates remis-
sions with infusion of sufficient non-exhausted memory CAR T,
capable of oxidative phosphorylation [1]. Our work aims to
modulate metabolic pathways during ex vivo expansion of T-cells
for translation of these findings to clinical adoptive therapies.
Class | catalytic PI3K enzymes, such as PI3Kdelta and PI3Kgamma,
regulate T-cell differentiation, regulatory T cell formation, and TCR
signaling [2]. In this study, we hypothesized that pharmacological
inhibition of these pathways during ex vivo culture would in-
crease populations of early memory CAR T with enhanced meta-
bolic and survival potential.

Methods

Healthy- and CLL- donor peripheral blood mononuclear cells
were isolated and cryopreserved. Thawed cells were sorted for
CD3 expression prior to culture (or transduction) and expanded
in  G-Rex plates using anti-CD3/CD28 beads, 30 U/mL
interleukin-2, and investigational drugs: idelalisib, duvelisib and
ibrutinib for 9 days.

Results

Class | catalytic enzymes in T-cells, PI3Kdelta and PI3Kgamma,
exhibit domain homology (Figure-1A). Accordingly, maximum cell
yields for both idelalisib (Figure 1B) and duvelisib (Figure 1C)
occurred upon inhibition of both isoforms. Comparing doses of
duvelisib, idelalisib, and ibrutinib that yielded optimal T-cell
expansion, we showed potent PI3Kdelta/gamma dual antagonism
maximizes live T-cell vyields (Figure 1D) out-performing
interleukin-2-inducible kinase inhibition. PI3K antagonists in-
creased frequencies of cells expressing co-stimulatory molecules
(Figure 2A-B). A dose-dependent increase in cells expressing FAS/
FAS-L (Figure 2C) and an increased expression of pro-survival
BCL-2 (Figure 2D) after anti-CD3/28 stimulation suggests the
increase in live cells with a TSCM phenotype is likely due to en-
hanced cell survival.

Next, we confirmed the positive effect of dual PI3Kdelta/gamma
inhibition in expansion of T cells from CLL donors (Figure 3A-B).
PI3K antagonists increased frequencies of CD8 cells (Figure 3Q)
and co-stimulatory molecule expressing cells (Figure 3D-E). Inter-
estingly, addition of idelalisib to T cell cultures resulted in a
dose-dependent decrease in immune checkpoint molecules LAG-
3, Tim-3, and PD-1 (Figure 3F-J). Given the importance of T cells
with the stem cell memory (TSCM) phenotype in adoptive T-cell
therapy, T-cell differentiation was studied. PI3K antagonists in-
crease the frequency of early, T-memory, and effector memory
cells (Figure 4A). Notably, the frequency of TSCM doubled (Figure
4B). Lastly, PI3K antagonists significantly increased the mitochon-
drial mass (Figure 4C) within total CD3 (Figure 4D) and CD8 (Fig-
ure 4E) subsets.
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Conclusions
Dual inhibition of PI3Kdelta and PI3Kgamma modulates aspects
of T-cell biology relevant to CAR T remissions. PI3Kdelta/gamma
antagonism enhances CD27 expression and mitochondrial mass,
decreases immune checkpoint expression, and enriches the TSCM
phenotype.
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Background

The intracellular master checkpoint Cbl-b, an E3 ubiquitin ligase,
negatively regulates the innate and adaptive anti-tumor immune re-
sponses. Selective cell-based targeting of Cbl-b not only induces
anti-tumor activity in vivo but also overrides immune regulation by
the PD-L1/PD-1 pathway in vitro [1]. Human APN401 is an autologous
adoptive cellular therapy of ex vivo Cbl-b-silenced human PBMCs
currently in a clinical Phase 1b multiple dose study demonstrating
early clinical safety and tolerability in patients with advanced solid
tumors. Herein the preclinical Proof of Concept efficacy of murine
APN401 immunotherapy is established in the syngeneic mouse hepa-
tocellular carcinoma Hepa1-6 tumor rechallenge study.

Methods

Hepa1-6-C57/BL6-tumor bearing mice were treated for 19 days with
murine APN401, ex vivo silenced immune cells with Cbl-b specific
siRNA, as monotherapy or in combination with anti-PD1 (clone
RMP1-14) versus control siRNA on D7 post-inoculation. Mice were
later rechallenged on D29 with Hepa1-6 s.c. on the contralateral flank
in the absence of any further APN401 treatment.

Results

Significant tumor growth inhibition (TGI) was observed following 19
days of treatment with APN401 alone or in combination with anti-
PD1 starting on D7 after s.c. inoculation (p<0.0001). Following rechal-
lenge, significant TGl of 86% (p<0.001) was observed in prior
APN401-treated mice versus control siRNA-treated mice. Mice that re-
ceived APN401 in combination with anti-PD1 prior to rechallenge
demonstrate profound synergistic anti-tumor efficacy (p<0.001) ver-
sus anti-PD1 alone with control siRNA. APN401 was well tolerated
and APN401-treated mice were unremarkable with optimal body
conditions.

Conclusions

APN401 monotherapy demonstrates striking anti-tumor efficacy in
the murine hepatocellular carcinoma Hepa1-6 model. The preclinical
synergistic effects of APN401 with anti-PD1 support its therapeutic
utility as a combination therapy with immune checkpoint anti-PD1
treatment. The significant TGl observed following tumor rechallenge
indicate that prior selective cell-based Cbl-b-silencing with APN401
alone or in combination with anti-PD1 induced systemic and durable
anti-tumor immune memory responses. These findings highlight the
potential promise of a selective adoptive cell-based Cbl-b silencing
by APN401 as a novel immunotherapy for cancer.
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Background

More effective therapies for disseminated peritoneal carcinomatosis,
including high-grade serous ovarian cancer, remain a major medical
need [1]. Although several treatments offer initial responses to local-
ized disease, patients with disseminated peritoneal tumors face poor
overall survival [2].

SENTI-101 is a novel therapeutic agent comprising allogeneic mesen-
chymal stromal cells (MSCs) genetically modified to express a potent

Page 99 of 272

combination of immunomodulatory cytokines: IL12 and IL21. Upon
administration, SENTI-101 innately homes to peritoneal tumors, se-
cretes IL12 and IL21 in a localized and sustained fashion, and induces
a robust anti-tumor immune response.

Methods

Two syngeneic pre-clinical models of disseminated peritoneal carcin-
omatosis with distinct immune phenotypes were established by
implanting cells in the peritoneal cavities of mice (CT26-fLUC =
immune-inflamed; B16-F10-fLUC = immune-excluded) [3]. A library of
over 50 murine MSC lines engineered to express immune effectors
(cytokines, chemokines, growth factors), either individually or in com-
bination, was administered intraperitoneally and evaluated for anti-
tumor activity via bioluminescence and tumor weight measurements.
Immune phenotype was characterized by flow-cytometry and multi-
plexed immunohistochemistry.

Results

MSCs expressing the combination of IL12 and IL21 (SENTI-101) were se-
lected based on significant tumor-burden reduction and immune pro-
file changes in both syngeneic models. Notably, the combination
outperformed each individual cytokine in extending survival (p=0.02).
Intraperitoneal administration of SENTI-101 into tumor-bearing mice
led to preferential co-localization with tumors (>10-fold higher vs.
normal tissues, p=0.001). Local concentrations of IL12 and IL21 were
~100-fold greater in the peritoneal space vs. serum (p=0.002). SENTI-
101 treatment reduced tumor-burden more than 200-fold (p50% of
the mice were tumor-free after 90 days, while control groups and
groups treated with anti-PD1 antibody had a median survival of 21
to 30 days. Surviving mice were able to reject newly implanted
tumor cells, demonstrating anti-tumor immune memory.

Anti-tumor effects of SENTI-101 are mediated by a multi-modal im-
mune response. The frequency of antigen-presenting cells in periton-
eal tumor-draining lymph nodes was more than doubled vs. controls
(p=0.01). This correlated with increased T-cell and B-cell tumor infil-
trates forming tertiary-lymphoid structures, which are associated with
improved prognosis in cancer [4]. T-cell activation markers (CD38,
IFNg, GranzymeB) were significantly increased locally.

Conclusions

SENTI-107 induces localized immune-modulation, regulates multiple
steps of the cancer immunity cycle, and results in durable anti-tumor
responses. These data warrant further development of SENTI-101 for
the loco-regional treatment of advanced solid tumors.
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Background

Adoptive T cell transfer immunotherapy (ACT) using tumor-infiltrating
lymphocytes (TIL) and gene-modified T cells can induce complete and
durable regression of metastatic human malignancies that are other-
wise refractory to treatment. While successful T cell-based treatments
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of patients with widely metastatic melanoma, synovial sarcoma, cholan-
giocarcinoma and cancers of the breast, colon, and cervix have been
reported in recent years, most patients with common epithelial cancers
fail to respond to treatment. While several factors can contribute to the
efficacy of ACT, a major inherent limitation is the induction of termin-
ally differentiated phenotype coupled with the loss of proliferative cap-
acity in TIL during current ex vivo expansion protocols. Individual gene
knockout approaches for enhancing T cell-based cancer immunother-
apies are low-throughput and can improve one desired function (T cell
memory) at the expense of another equally important function (expan-
sion). Thus, there is significant interest in identifying T-cell intrinsic
negative regulatory circuits that limit their ability to expand robustly
ex vivo, while dampening their terminal effector differentiation along
with the reduction of oxidative stress and genomic damage.

Methods

To identify the T cell intrinsic negative regulatory circuits, we developed a
multi-phenotype genetic screen to systematically target 29 major kinases
screen to concurrently measure the impacts of individual gene knockouts
on T cell expansion, differentiation, oxidative stress and genomic stress.
Using CRISPR-Cas9-based gene perturbation combined with high-
throughput flow cytometry, we developed and validated a multi-phenotype
screen, which identified Mapk14/p38 kinase as a target that improved all
four phenotypes in CD8+ T cells. We used murine and human ex vivo T cell
expansion models to validate the results from our genetic screen.

Results

Results from our genetic screen identified p38 kinase as a unique
multi-phenotypic regulator of cellular differentiation, oxidative, and
genomic stress while achieving improved cellular expansion. Further-
more, pharmacological inhibition of p38 kinase in murine and human
ex vivo T cell expansion models validated the results from our gen-
etic screen. Cells cultured in the presence of a p38 inhibitor had in-
creased capacity for cytokine production, specifically interferon-y and
demonstrated improved in vivo persistence. Additionally, cells cul-
tured in the presence of the p38 inhibitor demonstrated enhanced
in vivo cell-expansion, tumor infiltration, and anti-tumor efficacy in
an immunocompetent tumor mouse model.

Conclusions

This study establishes p38 inhibition in T cells as a potentially import-
ant strategy for improving ACT immunotherapy for cancer patients.
Ethics Approval

All human samples were isolated in accordance with approved clin-
ical protocols and in accordance with NIH institutional review board
approval and informed consent from patients and healthy donors.
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Background

[Background] Cancer immunotherapy has been established as a new
therapeutic category since the recent success of immune checkpoint
inhibitors and a type of adoptive immunotherapy, namely chimeric
antigen receptor-modified T cells (CAR-T). Although CAR-T demon-
strated impressive clinical results, serious adverse effects (cytokine
storm and on-target off-tumor toxicity) and undefined efficacy on
solid tumors are important issues to be solved. We've developed a
cutting-edge, simple, and feeder-free method to generate highly acti-
vated and expanded human NK cells from peripheral blood
(US9404083, PCT/JP2018/018236, PCT/JP2019/012744), and have
been conducting further investigation why our new type of NK cells,
named as GAIA-102, are so effective to kill malignant cells.

Methods

[Materials and Methods] Cryopreserved PBMCs purchased from
HemaCare Corporation were mixed and processed by using LOVO
and CliniMACS® Prodigy (automated/closed systems). CD3+ and
CD34+ cells were depleted, and the cells were cultured at a
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concentration of 1 x 106 cells/ml with high concentration of hIL-2
and 5% UltraGRO® for 14 days in our original closed system. Then,
we confirmed the expression of surface markers, CD107a
mobilization and cell-mediated cytotoxicity against various tumor
cells and normal cells with or without monoclonal antibody drugs
in vitro and antitumor effects against peritoneal dissemination model
using SKOV3 in vivo.

Results

[Results and Discussion] Importantly, we've found that our GAIA-102
exhibited CD3-/CD56bright/CD57- immature phenotype that could
kill various tumor cells efficiently from various origins, including Raji
cells that was highly resistant to NK cell killing. More importantly,
massive accumulation, retention, infiltration and sphere destruction
by GAIA-102 were affected neither by myeloid-derived suppressor
cells nor regulatory T-lymphocytes. GAIA-102 was also effective
in vivo to murine model of peritoneal dissemination of human ovar-
ian cancer.

Conclusions

Thus, these findings indicate that GAIA-102 has a potential to be an
‘upward compatible’ modality over CAR-T strategy, and would be a
new and promising candidate for adoptive immunotherapy against
solid tumors. We now just started GMP/GCTP production of this new
and powerful NK cells and first-in-human clinical trials in use of
GAIA-102 will be initiated on 2020.

Ethics Approval

[Ethics Approval] Written informed consent was obtained from all
healthy volunteers, in accordance with the Declaration of Helsinki.
Upon the approval of the institutional ethical committee (ap-
proval no. 29-315) of Kyushu University, peripheral blood samples
were collected from healthy volunteers. The animal experiments
were reviewed and approved by the Institutional Animal Care
and Use Committee of Kyushu University (approval nos. A30-234-
0 and A30-359-0).
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Background

Immunotherapy has a great potential for hepatocellular carcin-
oma (HCC). Several human glypican 3 (hGPC3)-specific chimeric
antigen receptor T cells (CARTs) are being tested for HCC. But,
most, if not all, are constructed from one monoclonal antibody
(mAb). It is unknown whether targeting different epitopes of
hGPC3 will create more effective CARTs. Here, we aim to develop
novel CARTs that target different regions of hGPC3.

Methods

BalB/C mice were immunized with hGPC3 protein. Hybridomas
and mAbs were generated and characterized. Then, CARTs were
built from the novel mAbs and their antitumor effect was
studied.

Results

Twenty-two hGPC3-specific mAbs were identified by ELISA. Out of
them, 14 bound HepG2 cells. Five mAbs were further character-
ized by immunohistochemical staining. Three of them (6G11, 8F8,
and 12D7) were found to specifically stain HCC tumor but not
adjacent normal tissues. The 3 mAb’s affinity were in the nano-
molar range. 6G11 and 8F8 bound to hGPC3 epitope aa25-39
and aa463-496, respectively. No specific epitope was identified
for 12D7 though it bound to the N-fragment (25-358aa). CARTs
built from the 3 mAbs underwent expansion in response to
HepG2 cell stimulation. However, their effector function was sig-
nificantly different. 8F8 CARTs possessed the strongest effector
function. 6G11 CARTs generated the greatest expansion, but with
slightly weaker function. In contrast, 12D7 CART had the weakest
effector function. Soluble hGPC3 did not activate CARTs, nor
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blocked CART activation by tumor cells. Adoptive transfer of 8F8
and 6G11, but not 12D7, CARTs generated potent antitumor ef-
fects with complete regression of HCC xenografts, which corre-
lated to their expansion in vivo.

Conclusions

The three novel CARTs that target different hGPC3 regions pos-
sess significantly different effector function and antitumor effects.
Adoptive transfer of CARTs targeting the hGPC3 N- or C-epitope
results in complete eradication of HCC xenografts.
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Background

Marrow infiltrating lymphocytes (MILs) are a promising candidate for
adoptive cell therapy (ACT) due to their broader anti-tumor specifi-
city and persistence. These characteristics are due to intrinsic proper-
ties of the bone marrow (BM); known to be a reservoir for long-lived
memory T cells. It has also been established that naive and memory
T cells are metabolically quiescent, favoring oxidative phosphoryl-
ation (OXPHOS) over glycolysis, while effector T cells favor glycolysis
to fuel their rapid proliferation.

Methods

We examined how activation and expansion of MILs in hypoxia
could be used to better understand the inherent properties of
the BM, to exploit these properties, and enhance the efficacy of
MILs in ACT, especially when compared to that of peripheral
blood lymphocytes (PBLs). By activating MILs in hypoxia, we can
select for and/or alter the cells best suited to mount an effective
anti-tumor response.

Results

Activation under hypoxic conditions alters MILs in several unique
ways. MILs show greater overall expansion, enhanced tumor-
specificity, and a unique metabolic profile—upregulating both
OXPHOS and glycolytic machinery. This metabolic profile suggests
that hypoxia-activated MILs possess properties of both effector
and memory cells. PBLs grown under the same conditions fail to
expand significantly and show no metabolic differences or specifi-
city. Following activation in hypoxia we have found that MILs
have upregulated metabolism-related genes such as CPT1A and
GLUT1 and 3, as well as anti-apoptotic factors such as BCL2 and
BCL2L1 at an RNA level. The post-expansion MILs product, using
intracellular staining and FACs analysis, shows an increase in
mitochondrial proteins, including TOMM20, CPT1a, and SDHa, in-
creased mTOR signaling, and increased glycolytic machinery—HK2
and GLUT1. Additionally, while cell-cycle analysis with Ki67 and PI
shows that MILs are more resting at baseline and arrested in GO,
upon activation in hypoxia they become more proliferative—mov-
ing into S and G2/M phase—than normoxic MILs or PBLs and
maintain this phenotype over time. This finding is supported by
our RNAseq data showing a lack of transcriptional activity at
baseline but a significant increase by day 3 of activation. Gene
expression analysis has also shown that there is a substantial in-
crease in expression of IL2 and IL15Ra with a significant decrease
in the expression of IL10 transcripts.

Conclusions

These findings suggest that hypoxia contributes to the unique
properties of MILs through modification of their metabolic profile
and is being uniquely employed to generate more effective MiLs,
and not PBLs, for adoptive cell therapy.
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Background

Preclinical safety evaluation of chimeric antigen receptor (CAR)
T cells presents a number of unique challenges. One of those
challenges is the development of a Cynomolgus macaque toxi-
cology model as a tool to understand potential on-target CAR T
cell toxicity. This is important for CAR T cell programs where
the lead binder is cyno cross-reactive and the target has known
normal tissue expression conserved across species. Unlike many
mouse models, non-human primates lack target-expressing
tumors that can drive CAR T cell activation and expansion; it
would be advantageous to recapitulate that expansion in the
context of a toxicity model.

Methods

T cell antigen presenting cells (tAPCs) have been reported to
drive measurable CAR T cell expansion in Rhesus macaques [1].
The advantages of this strategy include the ease of manufactur-
ing tAPCs in parallel to CAR T cells and co-engraftment of
tAPCs with CAR T cells in hematological niches to ensure anti-
gen availability. The optimal tAPC dosing strategy to drive a
strong and persistent CAR T cell activity has not been deter-
mined. Here, we generated human anti-CD19 CAR T cells
expressing firefly luciferase and human T cells expressing a
truncated human CD19 (CD19t) lacking the intracellular domain
as tAPCs. We then dosed mice either with CAR and tAPC con-
currently, or with CAR first then followed by tAPCs three days
later.

Results

(Figure 1) shows bioluminescent imaging (BLI) measurements
that indicate concurrent and delayed tAPC dosing have similar
CAR T cell expansion kinetics; however, the delayed tAPC
dosing exhibits a greater magnitude of CAR T cell expansion. In
both cases, the CAR T cell expansion occurs in a tAPC dose-
dependent manner. Imaging shows that concurrent dosing
leads to CAR T cell proliferation primary in the lungs, whereas
delayed tAPC dosing leads to more systemic CAR T cell
expansion. In addition, flow cytometry data show a significant
depletion of tAPCs in the peripheral blood between day 7 and
day 14.

Conclusions

Follow-up studies delivering additional tAPC doses three, six,
and nine days after CAR T cells show that repeated tAPC ad-
ministration can significantly increase the CAR T cell exposure
over time compared to a single tAPC dose. Overall, these data
demonstrate that tAPCs can be used to induce CAR T cell ex-
pansion in vivo in the absence of a tumor and will enable us
to design a tAPC strategy for use in a Cynomolgus macaque
model to evaluate the safety of CAR T cell candidates.
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Background

Identification of disease-specific T-cell epitopes is key to developing
novel cancer vaccines and immunotherapies. Profiling disease-specific
T cells, emerging during an induced cellular immune response is im-
portant for understanding anti-tumor immunity and guide personalized
therapy. The MHC dCODE™Dextramer® technology enables simultan-
eous screening of high numbers of T-cell specificities in the same sam-
ple using MHC multimer-specific DNA barcodes and next generation
sequencing as readout. Combining this technology with 10x Genomics
Chromium single cell assay further enables the simultaneous analysis of
antigen specific T-cells, sequencing of the cognate T-cell receptors and
single cell gene expression profiling.

Methods

Panels of up to 50 dCODE™Dextramer® reagents were used for screening
antigen-specific T-cells in human blood samples. Single cell sequencing was
performed on the isolated T-cell subpopulations, and their gene expression
profile analyzed in combination with cell phenotype and TCR sequences.
Results

The experiment generated a large dataset and we show one example of
how such a dataset can be analyzed to generate useful information. By com-
bining the gene expression profile, cellular phenotypes and Dextramer specifi-
city we identified expanded populations of antigen-specific T cells in the
memory T cell compartment and characterized their individual TCR clono-
types based on TCR sequence. pMHC-specific T-cells were also detected in
the naive T cell compartment, showing a more diverse TCR sequence profile.
Conclusions

This experiment demonstrates a novel method of exploring antigen-
specific T-cell responses. Linking TCR sequences with pMHC specifi-
city, cellular phenotypes and gene expression at this scale and reso-
lution provide a more comprehensive analysis of the antigen-specific
T cell response than previously available in a single workflow. Novel
biomarkers and improved strategies of T cell based immunothera-
peutic development will result from T cell analysis at this scale and
resolution.
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Background

Autologous chimeric antigen receptor T (CAR-T) cell therapies have
shown remarkable success in treating relapsed/refractory B-cell ma-
lignancies. However, even in indications with high complete re-
sponse rates, not all patients respond or have durable responses
after CAR-T treatment. Furthermore, autologous CAR-T treatments
have not yielded the same impressive outcomes in solid malignan-
cies to date. A major limitation of autologous CAR-T therapy may be
the dysfunctional state of a patient’s T cell populations used for
manufacturing of a drug product. Allogeneic therapeutics can bypass
this limitation by enabling the use of healthy donor starting material.
Moreover, healthy donor material that exhibits specific T cell attri-
butes can be selected for drug product manufacturing.

Methods

To identify attributes that can be associated with improved perform-
ance of CAR-T cells we have characterized T cells from healthy do-
nors as well as cancer patients, in particular from chronic
lymphocytic leukemia (CLL) patients as these have been described
previously to be dysfunctional.

Results

We show impaired function of cancer patient-derived CAR-T cells
when compared to healthy donor-derived cells utilizing both in vitro
and in vivo assays. We have performed single-cell RNA sequencing
(scRNA seq) on both starting material T cells and CAR-T cells from
multiple healthy and CLL donors used in functional assays to uncover
both gene expression and population differences associated with
CAR-T cell performance. scRNA seq analysis revealed marked hetero-
geneity among starting populations as well as CAR-T lots from the
cancer patient-derived T cells.

Conclusions

Our analysis has allowed us to associate distinct cellular subpopula-
tion and gene expression profiles with preclinical functional outputs.
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Background

Celularity, Inc. is developing human placental CD34+ derived, off-the-
shelf, and allogeneic natural killer (PNK) cells for various hematologic
malignancies and solid tumors. ACY-241 is an orally bioavailable and
selective histone deacetylase (HDAC) 6 inhibitor in MM clinical devel-
opment. ACY-241 has been shown to sensitize MM cells to endogen-
ous NK cell killing [1]. Here, we investigated the potential
augmentation of PNK mediated anti-MM activity by ACY-241
treatment.

Methods

Placental CD34+ cells were cultivated in the presence of cytokines in-
cluding thrombopoietin, SCF, FIt3 ligand, IL-7, IL-15 and IL-2 for 35
days to generate PNK cells. MM cell lines were treated with different
doses (0, 0.1, 0.3, 1, 3, 10 and 30uM) of ACY-241 over 24h, 48h, or
72h. Cytotoxicity of PNK against different doses of ACY-241 pre-
treated MM cell lines was assessed by a PKH26/TO-PRO-3 FACS based
assay. Ligands to NK activating receptors of ACY-241 treated MM
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cells were evaluated by flow cytometry. The RPMI8226 subcutaneous-
ly(SubQ) xenografted NOD scid gamma (NSG) mouse model was
used for in vivo efficacy study.

Results

ACY-241 treatment of MM cell lines for >48h resulted in significant
inhibition of cancer cell growth and decreased cell viability at doses
>10uM. In a dose dependent manner, ACY-241 further enhanced
cytotoxicity of PNK against MM cells. In a 4h cytotoxicity assay at ef-
fector to target (E:T) ratio of 10:1, relative to vehicle control, PNK (n=
3 donors) showed increased cytotoxicity to ACY-241 pretreated MM
cell lines: RPMI8226 (16.3% to 34.9%), MM.1S (15.1% to 26.0%), OPM2
(12.7% to 37.2%), and U266 (0% to 9.1%). Increased expression of li-
gands to activating NK receptors, MIC A/B, CD56, CD54, and CD155
was detected from ACY-241 treated MM cells, suggesting that en-
gagement of NKG2D, CD11a or DNAM-1 of NK cells leads to en-
hancement of the anti-MM effect.

In vivo anti-MM activity of PNK in combination with ACY-241 was
assessed in a RPMI8226 SubQ xenograft NSG model. Single intraven-
ous dosing of 1.0E7 PNK in combination with ACY-241 significantly
reduced the tumor growth compared to vehicle control (P<0.001).
Conclusions

Our data demonstrated that enhanced in vitro anti-MM activity of
PNK in combination with ACY-241. In vivo efficacy of PNK in combin-
ation with ACY-241 was further demonstrated in a RPMI8226 SubQ
xenograft NSG model. Taken together, our results demonstrate the
synergistic effects of combining an HDAC inhibitor with an NK cell
therapy for anti-MM enhancement. Further development of a com-
binatorial PNK and ACY-241 therapy for MM treatment is warranted.
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Background

Tumor Treating Fields (TTFields) are a clinically applied anti-neoplastic
treatment modality delivered via noninvasive application of low-intensity,
intermediate-frequency, alternating electric fields. In this study we evalu-
ated whether TTFields-induced cell death can be immunogenic and
therefore suitable for combination with anti-PD-1 therapy.

Methods

Cancer cells were treated with TTFields using the inovitro(TM) sys-
tem. Immunogenic cell death (ICD) was characterized by the expos-
ure of calreticulin on the cell surface, secretion of ATP, and release of
HMGBI1. For detection of ER stress, phosphorylation of elF2a was
assessed. TTFields effect on autophagy was evaluated using electron
microscopy, and evaluation of LC3. Bone marrow derived dendritic
cells (DCs) were co-incubated with TTFields treated cells and phago-
cytosis by DCs and DCs maturation were evaluated. The combination
of TTFields and anti-PD-1 was evaluated in short duration treatment
protocol in orthotopic lung cancer model and long duration treat-
ment protocol in subcutaneous colon cancer model. Analysis of infil-
trating cells was performed using flow cytometry.

Results

We demonstrate that cancer cells that die during TTFields application
exhibit ER stress leading to calreticulin translocation to the cell
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surface, as well as release of damage-associated molecular patterns
including HMGB1 and ATP. Moreover, we show that TTFields treated
cells promote phagocytosis by DCs, DCs maturation in vitro, and pro-
mote immune cells recruitment in vivo. We also show that the com-
bined treatment of TTFields plus anti-PD-1 led to a significant
decrease in tumor volume and significant increases in CD45+ tumor
infiltrating cells in both tumor models. In the lung tumors, these infil-
trating cells, specifically macrophages and DCs, demonstrated upreg-
ulation of surface PD-L1 expression following short treatment
duration. Correspondingly, cytotoxic T-cells isolated from these
tumors have shown higher levels of IFN-y production relative to
untreated mice. In the colon cancer tumors, significant increases in
T-cell infiltration was observed following long treatment duration
with TTFields plus anti-PD-1.

Conclusions

Our results demonstrate the potential of TTFields therapy to induce
ICD. We also demonstrate robust efficacy of concurrent application
of TTFields and anti PD-1 therapy in mouse models of cancer. These
data suggest that combining TTFields with anti-PD-1 might achieve
tumor control by further enhancing antitumor immunity.
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Background

MaxCyte has developed a rapid and potent cell therapy that uti-
lizes mRNA in transient Flow Electroporation (FEP) to produce
gene-modified cell products, termed CARMA™. This proprietary
CARMA platform modifies peripheral blood mononuclear cells
(PBMC) from apheresis to generate a cryopreserved drug product
in a single-day manufacturing process using the cGMP-compliant,
closed MaxCyte GT® Transfection System, dramatically reducing
the labor, facilities investment, and cost of raw materials typically
required for such products. The CARMA one-day manufacturing
process using cGMP grade mRNA has the potential to
revolutionize cell therapy strategies by significantly reducing the
wait time for patients receiving treatment.

Methods

We report here the implementation of the CARMA platform to
manufacture MCY-M11, a PBMC cell therapy product expressing
an anti-mesothelin chimeric antigen receptor (Meso-CAR) de-
signed to target mesothelin-expressing solid malignancies. MCY-
M11 expresses the Meso-CAR in all cells in the PBMC preparation,
which are processed and cryopreserved without the need for
prior activation or selective expansion. MCY-M11 for clinical appli-
cation is manufactured under the appropriate cGMP quality sys-
tems and controls by MaxCyte at HCATS, a Contract Development
Manufacturing Organization (CDMO). Manufacturing release speci-
fications are preliminarily assigned, with multiple For Information
Only (FIO) data points being accumulated during clinical produc-
tion, while sufficient clinical data is being generated to establish
meaningful release criteria.
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Results

A total of 20 CARMA product development and engineering runs
were performed during the technology transfer campaign, with
analytical test methods and supply chain established. The viable
cell yield from pre-FEP to post-FEP samples averaged around
92%. Meso-CAR expression in T and NK cell subsets in MCY-M11
ranged from 42-83% (average 73%) and 28-75% (average 59%),
respectively. The anti-tumor bioactivity and target specificity of
MCY-M11 was successfully established in vitro by demonstrating
antigen-specific cytotoxicity and inflammatory cytokine release in
co-culture assays with various mesothelin-expressing human
tumor cell lines. Increased survival and efficacy were also demon-
strated in vivo using a human mesothelin expressing ovarian syn-
geneic mouse tumor model.

Conclusions

The CARMA one-day manufacturing process using cGMP grade
mRNA has the potential to revolutionize cell therapy strategies by
significantly reducing the wait time for patients receiving treat-
ment. MCY-M11 is currently being tested in a first-in-human clin-
ical trial for advanced epithelial ovarian cancer and peritoneal
mesothelioma (ClinicalTrials.gov Identifier: NCT03608618).
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Background

Accessibility of T cell transfer therapies for most patients is hin-
dered by cost and time required for product development. Our
lab has shown that shortening ex vivo expansion of Th17 cells
licenses a proinflammatory cell product which induces cytokine
storm with high levels of systemic IL-6 in tumor-bearing hosts.
Despite potential toxicity, briefly expanded Th17 cells eradicate
large established tumors in low doses and generate durable
memory against tumor rechallenge, suggesting a therapeutic
benefit to the inflammatory state. Prior reports show that IL-6
promotes functional CD4+ T cell memory formation. Given that
IL-6 is blocked clinically to manage cytokine release syndrome,
we addressed the physiologic impact of IL-6 on efficacy and dur-
ability of Th17 cell therapy.

Methods

Th17 cells were expanded ex vivo using the TRP-1 transgenic
mouse model in which CD4+ T cells express a TCR that recog-
nizes tyrosinase-related protein 1 on melanoma. Naive CD4+ T
cells were polarized to the Th17 phenotype and infused into
mice with B16F10 melanoma after a nonmyeloablative total
body irradiation (5 Gy) preparative regimen. Serum cytokine
levels were obtained by multiplex array and IL-6 signaling was
inhibited with antibodies targeting the IL-6R and neutralizing IL-
6 cytokine.

Results

Acute IL-6 blockade post Th17 cell transfer did not impact the
primary response against melanoma nor the engraftment of Th17
cells. However, blocking IL-6 abrogated long-term responses in-
creasing the frequency of tumor relapse upon secondary chal-
lenge and reduced survival. Mechanistically, IL-6 blockade
reduced phosphorylation of STAT3 in transferred T cells associat-
ing with diminished Bcl-2 expression. The CD4+ compartment
was reshaped by IL-6 blockade via promoting a greater frequency
of FoxP3+ Treg cells in the peripheral blood, tumor and draining
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lymph nodes. Given the plasticity of Th17 and Treg cells, we
assessed FoxP3 expression within the cell product 10 days post
transfer and found that the frequency of FoxP3+ transferred cells
was significantly heightened through IL-6 blockade.

Conclusions

IL-6 induced by Th17 cell therapy promotes an inflammatory
over regulatory phenotype in vivo permitting durable memory
against tumors. The expansion of tumor-specific regulatory cells
from the transferred product is enhanced in the absence of IL-6
signaling. This work implies that the universal strategy of IL-6
inhibition for cytokine release syndrome may come at the ex-
pense of long-term efficacy for cell therapy approaches.
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Background

HLA-G is highly expressed on human placenta during pregnancy and has
been found to suppress the NK response to cells that lose their HLA and/
or beta2-microglobulin expression. [1-2]. In addition, except for pregnancy,
HLA-G is rarely expressed in normal adult tissues. Moreover, roughly 50%
of human solid tumors lose their HLA expression to avoid detection by
the human immune system. [3] HLA-G is therefore an outstanding target
for CAR T-cells since, like the placenta, it is up-regulated in HLA-negative
tumors to suppress NK destruction. [4] We have successfully generated
anti-HLA-G CAR T-cells to treat solid tumors that express HLA-G.

Methods

An anti-HLA-G CAR construct was generated by fusing anti HLA-G
scFv to a second generation CAR containing the CD8a leader se-
quence, 4-1BB co-stimulation sequence, and CD3( signaling domain.
The CAR vector was then fused with a lentivirus vector in-frame with
the CAR backbone, and was used to transduce primary human CD3
positive T-cells. After transduction, expanded CAR-T cells were char-
acterized for their ability to bind HLA-G antigen and HLA-G positive
SKOV-3 cells (human ovarian cancer model) using flow cytometry.
Results

Expanded CAR-T cells were able to bind successfully both the
HLA-G antigen and SKOV-3 cells in vitro. Expanded CAR-T cells
were then co-cultured with SKOV3-Luc cells and studied for their
epitope-driven cytotoxicity. Anti HLA-G CAR T-cells displayed
dose-dependent cytotoxicity when co-cultured with tumor cells.
We have recently developed an in vivo model of ovarian cancer
that can be used for testing the efficacy of our CAR-T cells. In
this model, NSG mice are injected with 2 million SKOV3-Luc cells
intraperitoneally (ip). Seven-10 days after injection, tumors are
visible when observed by bioluminescence imaging, at which
time the treatment group will receive an ip injection of anti HLA-
G CAR-T cells. Since ovarian cancer rapidly metastasizes to the
peritoneum, the aforementioned model should provide relevant
clinical data that can be translated to patients, and like
hematopoietic cancers, will present antigen quickly after injection
of CAR T-cell to keep them stimulated and functional.
Conclusions

We are currently testing the efficacy of anti-HLA-G CAR-T cells
in vivo using this ip model, and plan to show that HLA-G as a
pan tumor target will provide selective and specific cell based
therapy which may in the near future be clinically relevant for
chemotherapy resistant ovarian cancer and other tumors.
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Background

The efficacy of TIL therapy is limited in some patients due to the
failure of the cells to respond to tumour sufficiently or persist
long enough to have a necessary anti-tumour effect. We have ad-
dressed this issue by developing Co-stimulatory receptors (Co-
StARs) that provide enhanced signaling to tumour-specific T-cells
upon encountering tumour associated antigens.

Since tumour reactivity is determined by natural TCRs that have
undergone thymic selection, this approach does not bear with it the
risks of other therapies targeting tumour antigens expressed on the
cell surface

Methods

In order to identify optimal signalling domain for Co-StAR mole-
cules, several iterations of our prototype receptor were synthe-
sised. The ability of each to enhance T-cell activation,
proliferation, secretion of cytokines and increase resistance to
apoptosis were assessed.

To explore if this approach has the potential of wide applicabil-
ity, we went on to assess targeting of two additional ovarian
cancer tumour associated antigens. To achieve this, the antigen
binding moiety was exchanged and signaling domain kept
constant.

Results

We show that colorectal cancer specific Co-StAR significantly en-
hances the number of T-cells expressing IL2, TNFa, 41BB, CD107a
and bcl-xL by factors ranging from 2-4 fold in model systems.
This shows an increase in activation, effector function and resist-
ance to apoptosis. We also identified an optimal signaling do-
main that caused the greatest magnitude of enhancement for
the above factors.

Observations of Co-StAR enhancement were mirrored in model
systems for ovarian cancer, targeting two separate ovarian cancer
tumour associated antigens.

In addition, stimulation assays showed that Co-StAR with optimal sig-
naling domain increased T-cell proliferation over 3 weeks in compari-
son to prototype Co-StAR, Co-StAR that binds an irrelevant target, or
indeed, mock transduced T-cells.

Conclusions

Our optimal Co-StAR provides a means to effectively deliver “signal
2" to T-cells. Enhancing activation, effector functions and resistance
to apoptosis upon contact with target tumour cells.

Since T-cell activation primarily requires “signal 1”, application to of
Co-StAR to enhance TIL therapy, which works through natural, thymi-
cally selected TCRs, provides a means to increase the activity of
tumour-reactive TIL without risking severe off-tumour side effects.
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Immetacyte is assessing this approach in our current Phase I/Il clinical
trial of TIL in ovarian cancer patients (EudraCT-2019-000106-30).

Acknowledgements

This research was supported by IUK projects 133299 and 104468

Ethics Approval

This study was approved by the South Central Research Ethics Committee :
19/SC/0355

P194

Use of stimulatory cells in conjunction with IL-12 and IL-18
augments NK cell expansion and transduction, drives a
memory phenotype, and improves in vitro and in vivo CAR
NK activity

Anmol Vohra, MS, Katherine Jamboretz, MS, Sasha Lazetic, Denise
Gonzalez, Daofeng Liu, PhD, lvan Chan, PhD, James Trager, PhD
Nkarta Inc, South San Francisco, CA, United States
Correspondence: James Trager (jtrager@nkartatx.com)

Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):P194

Background

NK cells have been expanded on K562 stimulatory cells express-
ing membrane-bound (mb) IL-15 and 41BBL for clinical use, and
can be genetically modified to express activating chimeric recep-
tors [1,2,3]. Engineered NK cells targeting CD19 or ligands of
NKG2D show in vitro and in vivo cytotoxicity against relevant
tumor targets that can overcome endogenous resistance to NK
cells. NK cells activated in the presence of IL-12, IL-15 and IL-18
develop cytokine induced memory-like phenotype and function;
these cells have shown clinical promise [4]. Here we describe NK
cell function and phenotype achieved by combining the robust
driven by K562-mblL15-41BBL with the induction of a cytokine-
induced memory phenotype achieved after exposure to IL-12 and
IL-18.

Methods

Healthy donor PBMC NK were expanded on K562-mblL15-41BBL
stimulatory cells with IL-2 alone or with IL-2 plus IL-12 and IL-18
(12-18). We compared NK cell expansion, cytokine secretion, cyto-
toxicity against tumor lines at various time points, and persist-
ence in culture over 4 weeks. The expanded NK were transduced
with CD19 and NKG2D CAR constructs, and the resulting cells
evaluated for CAR expression, cytotoxicity and in vivo efficacy
against relevant cell lines.

Results

Addition of 12-18 to the K562-mblL15-41BBL stimulatory cells im-
proves NK expansion 2-3 fold [If we have a p value, it's better to
give it:<br>’...significantly improves NK expansion 2-3 fold (p<x)
relative to that...][Will put together later for the poster]relative
to that achieved using the stimulatory cell line alone, while NK
cell cytotoxicity is unchanged. IFNy and TNFa production and
transduction efficiency are also improved in this setting. Over 3
weeks of culture following brief exposure to 12-18, NK cell
phenotype changes, with an increased percentage of CD62L+
and NKG2C+ cells, and increased NKG2C expression per NK cell.
While the NKG2D-CAR driven cytotoxic activity is unchanged by
12-18 at 14 days post-exposure, cytotoxic activity increases in
these cells by day 21. In addition, this improved cytotoxicity at
day 21 is reflected by improved CD19-CAR driven in vivo activity
against the CD19+ tumor target [Raji or Nalmé6?]Nalmé6 [Oops,
Nalmé6, thx.] with an increased presence of circulating NK cells
over 4 weeks in the mice.

Conclusions

The data demonstrates that the addition of IL-12 and IL-18 to
K562-mblL15-41BBL stimulatory cells during NK expansion main-
tains in vitro cytotoxicity and improves expansion, transduction,
persistence, and in vivo efficacy. Further, IL-12 and IL-18 drive de-
velopment of a memory phenotype and more sustained NK cell
function over the course of several weeks. This activation system
may allow for development of more robust and potent engi-
neered NK cells for clinical use.
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Background

Benign tumors can arise from bi-allelic mutations in a single gene. In tu-
berous sclerosis complex (TSC) and lymphangioleiomyomatosis (LAM),
tumors do not acquire additional mutations, and patients are not eli-
gible for therapeutics that rely on neoantigen formation. However, the
affected gene is responsible for several predictable phenotypic
changes. As mTOR hyperactivity resulting from mutations in TSC1 or
TSC2 is associated with overexpression of some melanoma-associated
antigens, de novo expression of ganglioside D3 expression may render
the resulting, benign tumors eligible for immunotherapy.

Methods

We probed the expression of GD3 in human TSC lesions of the lungs,
kidneys, skin and brain by immunostaining and monitored anti-GD3
titers in serum by ELISA. Infiltration by NK cells and NKT was mea-
sured to look for natural responses to the cell surface antigen. We
next isolated tumors cells from TSC2 heterozygote mice and con-
firmed loss of heterozygosity by genotyping before challenging
groups of 10 SCID/beige mice in 2 repeat experiments, and subject-
ing them to adoptive transfer by GD3-CART cells and measured
tumor sizes over time. Similarly we treated groups of 8 ageing TSC
mice >16 months of age by adoptive GD3 CART-cell transfer, and
measured surface tumor growth on internal organs.

Results

We found consistent overexpression of GD3 in tissues from TSC pa-
tients compared to healthy controls. GD3 overexpression was not ac-
companied by an influx of NK(T) cells, and anti-GD3 titers were
reduced rather than elevated in patients, supporting the concept
that slow growing tumors in TSC patients are not immunogenic.
However, CART cells responsive to GD3, supplemented by IL-2, medi-
ated prolonged and significant anti-tumor responses in both immu-
nodeficient and immune competent hosts. The majority of TSC2
heterozygote mice treated by CAR T cells displayed no tumors at
end point, versus all mice treated with untransduced T cells.
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Conclusions

These promising results infer that adoptive transfer of transgenic T
cells can offer an effective strategy to not only prevent further tumor
growth as rapamycin therapy does, but also to treat and even elimin-
ate arising tumors. This strategy might offer a cure for patients with
LAM, a disease that hits women in the prime of their lives.
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Background

Chimeric antigen receptor (CAR) T cell therapy is the revolution-
ary treatment of choice for hematologic malignancies. Currently
approved CAR T therapies require patients’ own immune cells,
and this autologous T cell manufacturing process involves certain
limitations primarily derived from the nature of individualized
therapy. Thus, engineering allogeneic donor cells to evade host
immune rejection is required for a broader clinical application of
the therapy.

Methods

In this study, we attempted to inhibit expression of both HLA |
and Il through the CRISPR/Cas9 gene editing system to reduce
allo-reactive immune rejection response. First, we screened 60
gRNAs targeting B2M and 60 gRNAs each targeting alpha chains
of HLA-Il molecules (DP, DQ and DR, respectively) to find gRNA
sequences efficiently ablate expression of HLA molecules on T
cell surface. Next, we investigated whether the absence of HLA-I/
Il expression in donor T cells could alleviate immune response
from allogeneic responders using in vitro mixed lymphocyte reac-
tion (MLR) assays.

Results

We have identified gRNA sequences highly efficient in targeting
B2M and alpha chains of HLA-Il molecules without carrying off-
target effects. Selected gRNA sequences for HLA-Il ablation cov-
ered the vast majority of each HLA-Il alpha chain allele. HLA-I/II
double negative T cells generated by simultaneous quadruple
genome editing with the selected gRNAs maintained their pheno-
types and cytotoxicity upon TCR stimulations compared to the
control cells treated with non-target gRNA. Furthermore, the MLR
assays showed that IFN- and TNF-a production in allo-responder
T cells was significantly decreased in the absence of donor HLA-I
alone and was further diminished in response to HLA-I/Il double
negative donor T cells compared with the control cells, implicat-
ing prolonged survival of the adoptively transferred immune cells.
Conclusions

In conclusion, we have identified novel gRNA sequences ablat-
ing expression of HLA molecules on donor T cell surfaces to
dramatically reduce donor-derived allo-responses, establishing
an essential cornerstone towards the universal T cell therapy.
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Background

Neoantigens are tumor-specific antigens that have been shown to be
important in the anti-tumor immune response. These antigens are
not subject to central immune tolerance and are therefore potentially
more immunogenic than tumor-associated antigens. The goal of our
studies is to generate neoantigen specific T cell responses and per-
form detailed characterization of the induced T cell responses to-
wards these neoantigen targets to assess the applicability of the
approach for adoptive cell therapy.

Methods

Patient-specific neoantigens were predicted using our RECON® bio-
informatics platform, and the predicted high-quality neoantigens
were utilized in our proprietary ex-vivo stimulation protocol, NEO-
STIM to assess immunogenicity. NEO-STIM is used to prime, activate
and expand memory and de novo T cell responses from both the
CD4+ as well as the CD8+ compartment. In-depth analysis was per-
formed to characterize the specificity, functionality (cytokine produc-
tion and cytolytic capacity) and diversity of the induced T cell
responses through high throughput flow cytometric analysis.

Results

Here we present the successful induction of memory and de novo
CD8+ and CD4+ T cell responses in peripheral blood mononuclear
cells isolated by leukapheresis from five melanoma patients using
NEO-STIM. We then extensively characterized these T cell responses
and show that these responses are functional, specific and have cyto-
lytic capacity.

Conclusions

NEO-STIM is a novel platform to understand in detail the immuno-
genic potential of high-quality neoantigen-targets. Moreover, this
platform can be utilized to generate T cell products from peripheral
blood for adoptive cell therapy for patients with a variety of solid
tumors.

Ethics Approval
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NCT02897765 and N16NEON protocol
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we developed a novel modular universal CAR platform termed Uni-
CAR. UniCAR T-cells are exclusively activated in the presence of a tar-
get module (TM), which establishes the cross-link between antigen-
specific cancer cells and UniCAR T-cells in an individualized time-
and target-dependent manner. The carbohydrate antigen sialyl-Tn
(STn) is a particularly interesting target due to its expression in sev-
eral types of cancer and absence in normal healthy tissues. Given the
small size of such TMs, they are rapidly eliminated and thus, possible
side effects and activation of UniCAR T-cells can be easily controlled
by TM dosing. In late phases of treatment, TMs with extended half-
life may play an important role by improving the eradication of re-
sidual tumor cells.

Methods

In this work, a novel longer-lasting TM against STn was developed,
characterized and compared to the previously developed short-lived
anti-STn TM [1]. Short-lived TMs are composed of a tumor-specific
binding moiety fused to the La peptide epitope (E5B9) which is rec-
ognized by UniCAR T-cells. In extended half-life TMs, these two com-
ponents are fused via an Fc domain derived from the human lgG4
molecule. Functional and pharmacokinetic properties were assessed
using in vitro and in vivo assays.

Results

The developed anti-STn IgG4-based TM efficiently activates and redi-
rects UniCAR T-cells to STn-expressing tumors in a highly efficient
target-specific and target-dependent manner, promoting the secre-
tion of pro-inflammatory cytokines, tumor cell lysis of breast and
bladder cancer cells in vitro and of breast cancer cells in experimen-
tal mice. A comparable or increased killing efficiency was obtained at
a lower concentration range in comparison to the results obtained
for the anti-STn scFv-based TM. Additionally, PET studies demon-
strate the specific enrichment of the anti-STn IgG4-based TM at the
tumor site presenting a prolonged serum half-life compared to the
scFv short-lived TM.

Conclusions

Taken together, these data demonstrate the effective and potential
application of this CAR T-cell-derived modular system to target STn
in different types of cancer using different TM formats. The use and
combination of such molecules with different formats and half-lives
provides highly promising and customized tools for retargeting of
UniCAR T-cells in a flexible, individualized and safe manner at differ-
ent stages of treatment.
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Background

The development of chimeric antigen receptors (CARs) has rapidly
emerged as a promising approach in cancer immunotherapy. None-
theless, drawbacks associated with CAR T-cell therapies include on-
target/off-tumor effects and cytokine release syndrome. Aiming an
increased clinical safety while preserving the efficacy of such therapy,
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Background

While targeted immunotherapy with engineered natural killer (NK)
cells has emerged as a promising approach for the treatment of solid
tumors, challenges in sourcing, processing, and genetically modifying
blood-derived NK cells limit the potential for developing life-saving
treatments for cancer patients. As an alternative, the use of induced
pluripotent stem cells (iPSCs) offers a promising approach to over-
coming existing challenges faced when engineering NK cell-based
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immunotherapies. However, approaches for generating NK cells from
iPSCs described so far have several shortcomings: they utilize sera or
feeder layers to adapt iPSCs or culture hematopoietic progenitors,
take months to complete, and rely on individualized, and thus highly
variable, iPSC reprogramming protocols, limiting their utility.
Methods

We have generated NK cells from iPS cells using a novel feeder-free
differentiation protocol starting from either centrally-validated and
banked iPSC lines or iPSCs reprogrammed from donor fibroblasts.
Our protocol utilizes a two-step, entirely feeder-free procedure in-
volving hematopoietic progenitor generation followed by NK differ-
entiation. These differentiated NK cells have been characterized for
inhibitory and activating marker expression, IFN-y production, de-
granulation, and cytotoxicity against a number of solid tumor targets,
including primary patient-derived glioblastoma cells. Moreover, these
cells were expanded in culture and manipulated to generate a cyto-
toxic infusible cell therapy product.

Results

iPS cells were differentiated into hematopoietic progenitor cells,
yielding CD34+/CD45+ and CD34+/CD43+ cell populations at yields
consistent with results described in literature using feeder-based pro-
tocols [1]. Following four weeks of NK cell differentiation, cells
showed high expression of several NK cell maturation markers as
well as inhibitory and activating receptors (CD56+/CD3-, NKG2D,
NKp30, NKp44, NKp46, DNAM-1, CD16, CD94/NKG2A, and CD158b).
iPSC-NK cells derived using our protocol were also similar to blood-
derived NK cells in morphology, expansion rate, and functionality (in
terms of cytotoxicity and degranulation potential). By using centrally-
validated iPSC lines, we further demonstrate our ability of avoiding
donor-specific reprogramming protocols.

Conclusions

We developed a new protocol for the generation of NK cells from
iPSCs that is entirely feeder and serum-free and can be extended to
the use of validated iPSC lines avoiding donor and reprogramming
variability. iPSC-derived NK cells using our protocol exhibit character-
istics of mature blood-derived NK cells and powerful cytotoxicity
against solid tumor targets. Additionally, these cells offer the advan-
tage of increased expansion rates, improved ease of transfection
while in the iPSC state, and are free of contaminating T-cells associ-
ated with GvHD risk, overcoming many limitations of existing NK cell
based immunotherapies.
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Background

WindMIL Therapeutics is developing Marrow-infiltrating Lymphocytes
(MILSTM), a novel form of adoptive T cell therapy composed of bone
marrow-derived, patient-autologous, polyclonal CD4 and CD8 T cells
[1]. Genetically unmodified MILsTM have demonstrated antitumor ac-
tivity in patients with multiple myeloma [2] and are being developed
for several other tumor types. Distinguishing features of T cells from
bone marrow compared to T cells from peripheral blood lympho-
cytes (PBLs) include their memory phenotype, inherent tumor
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antigen-specificity, higher CD8:CD4 ratio and ability to persist long-
term [3]. Based on these differences, we hypothesized that MILsTM
would provide a more robust platform for CAR-T therapy compared
to PBLs. We have previously shown that CAR-modified MILsTM (CAR-
MILsTM) demonstrate superior killing of tumor target cells in vitro
compared to CAR-T cells generated from patient-matched PBLs (CAR-
PBLs) [4]. In this study, we compared, at the single cell level, func-
tionality of patient-matched CAR-MILsTM and CAR-PBLs following
antigen-specific in vitro stimulation.

Methods

CAR-MILSTM and CAR-PBLs engineered to express a BCMA-specific, 4-
1BB/CD3z-signaling CAR were produced using cryopreserved lympho-
cytes from the bone marrow and blood of six patients with multiple mye-
loma. CD4 and CD8 T cells isolated from the CAR-MILsTM and CAR-PBLs
products were stimulated with K562 cells transduced with either BCMA
(K562-BCMA) or nerve growth factor receptor (K562-NGFR) at a ratio of
1:2 for 20 hrs. After 20 hrs of co-culture, T cells were enriched and loaded
into IsoCode chips containing ~12,000 microchambers pre-patterned
with a 32-plex antibody array. Protein secretion from 1000-2000 single T
cells per product was detected by a fluorescence ELISA-based assay and
single cell polyfunctional profiles analyzed using IsoPeak (IsoPlexis).
Results

CD4 and CD8 T cells from both CAR-MILsTM and CAR-PBLs demon-
strated an antigen-specific increase in polyfunctionality (secretion of 2+
cytokines per cell) and polyfunctional strength index (PSI) in response
to BCMA stimulation compared to NGFR control. When compared to
CAR-PBLs, CAR-MILSTM demonstrated increased polyfunctionality and
increased PSI in both CD4 and CD8 T cells. The enhanced PSI in CAR-
MILsTM was predominated by effector, stimulatory and chemoattrac-
tive proteins associated with antitumor activity including Granzyme B,
IFNg, IL-8, MIP1a and MIP1b. Coincidentally, increased PSI and en-
hanced secretion of these same proteins was reported to be associated
with improved clinical responses in patients with Non-Hodgkin lymph-
oma treated with CD19-specific CAR-T therapy [5].

Conclusions

Based on these data and the inherent antitumor properties of
MILSTM, we speculate that CAR-MILsTM would be more potent
and effective than currently approved CAR-T products derived
from PBLs.
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Background

T lymphocytes expressing antigen-specific chimeric receptors (CARs)
have been revealed as a powerful therapeutic approach for aggres-
sive and refectory childhood and adult B cell malignancies. Umbilical
cord blood cells (UCB), with their unique capacity of broad leukocyte
antigen (HLA)-matching, can represent an appealing starting material
for the generation of “off-the shelf” CAR-T cells to render this type of
therapy accessible to a large number of cancer patients.

Methods

CAR-T cells have been generated from either UCB (N=5, ALLCELLS,
USA) and peripheral blood lymphocytes (PBLs; N=2) from healthy do-
nors. In vitro enriched T cells have been transduced with CD19-
CD28z-CD3z and CD19-4-1BBz-CD3z encoding lentiviral vectors (LVs).
Deep phenotype characterization of these CAR-T cells has been per-
formed utilizing an in-house designed IF multiparametric (28
markers) panel. Functional assays have been performed to assess
cytokine (IFN-gamma, IL2, IL-5 and IL-17), perforin and granzyme B
release (EliSpot or multicolor FluoroSpot) and cytotoxic activity (Del-
fia assay) by CAR-T cells following the co-culture with CD19+ or
CD19- target cells. In addition, transcriptomic modular repertoire [1-
3] has been applied by parallel quantitative PCR using the high
throughput BioMark HD platform to determine gene expression pro-
file of CAR-T cells described above.

Results

Efficient LV transduction was achieved for UCB-T cells, although requir-
ing higher MOI as compared to PBL (25 vs. 5; 66-80 vs. 70-88 % of
transduction, respectively). The frequency of CD4+ transduced T cells
(45-59% of positive cells) was superior in UCB as compared to PBL (27-
36% of positive cells) while transduced CD8+ T cells were 18-20 and
40-67%, respectively. CB-CAR-T  cells were enriched of
CD45RA+CCR7+CD27+CD62L+ T cells. These cells co-expressed ICOS
and 4-1BB but these molecules were not detectable on PBL-CAR-T cells.
Markers associated with late differentiation/exhaustion of T cells, such
as LAG-3 and TIM-3, were found only on PBL-CAR-T cells. PD-1 was
expressed at higher levels in CB- vs. PBL-derived CAR-T cells (15-40%
and 40-60% in CD45RA+ and CD45R0O+ T cells, respectively).
Antigen-specific reactivity was shown by CAR-T cells either isolated
from UCB or PBL against acute lymphoblastic leukemia or EBV-B cells
overexpressing CD19.

Interestingly, differential gene expression profiles were assessed
through the comparison of UCB- vs. PBL-derived CAR-T cells and
their co-culture with antigen-specific target cells. Genes differentially
expressed in CD19-CD28z-CD3z vs. CD19-4-1BBz-CD3z CAR-T cells
were also found.

Conclusions

Taken together, these results proved that anti-tumor early differenti-
ated/central memory CAR-T cells can be efficiently isolated from UCB
with distinctive phenotype as compared to PBL-CAR-T cells.
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Background

Natural killer (NK) cells are innate immune cells with a critical role in im-
mune surveillance against cell transformation and tumor development. NK
cells express an array of unique activating and inhibitory receptors whose
aggregate signaling determine activation of NK cell effector function.
Adoptive transfer of NK cells has demonstrated the potential to induce an-
titumor responses in the clinic. Celularity has developed a platform for
generating cytotoxic NK cells from placental CD34+ cells (PNK cells) for
adoptive cancer immunotherapy. Although PNK cells demonstrate cytotox-
icity against diverse cancer cell types, their activating mechanisms are little
characterized. In this study, we explore the contribution of specific signal-
ing pathways and upstream NK cell receptors involved in PNK cell cytotox-
icity against glioblastoma multiforme (GBM) cell targets.

Methods

PNK cells were transcriptionally profiled using scRNAseq and gRT-PCR
to identify candidate pathways regulating cytolytic function. Expression
of major receptors and intracellular signaling molecules were analyzed
using flow cytometry and western blot. PNK cell phenotype was com-
pared to circulating NK cells. PNK cytotoxicity was evaluated against
GBM cell lines (LN-18 and U251) in xCELLigence platform and a de-
granulation assay using CD107a staining. The role of key signaling path-
ways driving PNK effector functions was analyzed in cytolysis assays
using small molecule inhibitors of Src kinases, SYK, PLC-y, PI3K and
MAP kinases, including JNK, p38 and ERK.

Results

PNK cells highly express genes mediating NK cell effector functions, includ-
ing NCR1, NCR2, NCR3, KLRK1 and CD226. Flow cytometry demonstrated
increased expression of NKp44 (99.7+0.2% vs. 69.3+5.2%), NKG2D (68.7+
7.9% vs. 44.6+5.8%) and GITR 99.7+0.2% vs. 15.0+3.2%) on PNK cells when
compared to circulating NK cells. PNK cells demonstrated strong cytolytic
activity against multiple GBM cell lines. While inhibitors of Src, SYK, PLCy,
p38 and ERK did not modulate PNK cytotoxicity, inhibitors targeting JNK
and PI3K pathways significantly suppressed PNK cell cytotoxicity, specific-
ally, 64.9+4.7% inhibition by SP600125 (JNK) and 25.2+3.3% inhibition by
Ly294002 (PI3K) on LN-18 cells; 100% inhibition by SP600125 and 45.5.5+
8.9% by Ly294002 on U251. JNK and PI3K inhibitors also reduced degranu-
lation (70.6+3.2% by SP600125 and 58.4+3.6% by Ly294002). Furthermore,
PI3K pathway controlled PNK cytokine production upon coculture with
U251 cell line, whereas JNK inhibition had minimal effect.

Conclusions

Our results demonstrate the importance of PI3K and JNK pathways in
mediating PNK cytotoxicity to GBM cell line targets. These data com-
bined with our receptor profiling on PNK cells establish the rationale
for further investigating receptor-ligand interactions that directly
modulate PI3K and JNK activity.

P203

Discovery and characterization of the first fully human
Phosphopeptide Tumor Target-specific T cell receptor

Xavier Michelet, PhD', Eleni Chantzoura, PhD', Ekaterina Breous-Nystrom, PhD?,
Alessandra Franchino?, Rachel Smith', Daniel Pollacksmith', Jan Bergmann',
Alvaro Sebastian Yaguew, Paisley Myers, PhD?, Erin Jeffreyz, Benjamin Wolf,
Dennis Underwood, PhD? Marc Van Dijk, PhD', Arthur Hurwitz, PhD'
'Agentus Therapeutics, Lexington, MA, United States; ?Agenus, Basel,
Switzerland

Correspondence: Arthur Hurwitz
(andy.hurwitz@agentustherapeutics.com)

Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):P203

Background

AgenTus Therapeutics is developing innovative adoptive cell therap-
ies to target a novel class of neoantigens called Phosphopeptide
Tumor Targets (PTTs). These post-translational modification-based
neo-antigens arise in tumor cells through dysregulated kinase and
phosphatase activities. PTTs represent one of the most promising cell
therapy targets, as they are shared within and between cancer indi-
cations. Using a mass-spectrometry-based approach that analyzes
MHC I-bound peptides, we have analyzed PTTs from several indica-
tions. This approach allows us to survey the TCR ligandome of tumor
cells and healthy tissues.
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Phospho-ligandome  analysis identified the phosphopeptide
EPRpSPSHSM presented by HLA*B07:02+ cancer cells in a patient
with Acute Myeloid Leukemia (AML). This phosphopeptide results
from the phosphorylation of the Mixed Lineage Leukemia-1 (MLL1)
protein, a histone lysine methyl transferase that functions as a tran-
scriptional regulator and has been associated with tumorigenesis.
Methods

Using proprietary platforms consisting of primary T cell expansion
from the central compartment and a mammalian display platform
containing TCR a and {3 chain libraries from the expanded T cells, we
isolated the first fully-human PTT-specific TCR: agenT-04002.

Results

Functional characterization demonstrated that target recognition by
agenT-04002 is dependent on the phosphoseryl-moiety. Furthermore,
agenT-04002 shows potent cytotoxic activity against numerous human
hematologic tumor cell lines in vitro and AML tumor control in vivo in a
mouse xenograft model. Activated T cells harboring the recombinant
TCR display a pro-inflammatory phenotype in vitro and in vivo following
tumor challenge. Most importantly, when co-cultured with AML cancer
cells from patients, agenT-04002 T cells specifically recognize and kill
tumor cells while sparing healthy myeloid cells.

Conclusions

AgenTus is developing the next generation of TCRs by targeting a
unique class of neo-antigens with multi-cancer potential. Our data
demonstrate feasibility, specificity, and potency of PTT-specific TCRs.
Targeting PTTs across diverse indications will enable us to have
broader applicability of cellular therapies.
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Background

Cancer immunotherapies that target tumor-specific or tumor-
associated antigens are promising treatments for patients with incur-
able cancers [1,2]. However, relapses due to the loss of target anti-
gens challenge the success of these therapies [1,3]. Multitargeted
immunotherapies, such as cancer vaccinations specific to multiple
cancer-associated peptides, are possible approaches. However, clin-
ical studies have shown that they have limited efficacy with respect
to the induction of objective responses [4]. The graft-versus-leukemia
effect observed after allogeneic hematopoietic stem cell transplant-
ation (allo-HSCT) is another example of strong multitargeted antitu-
mor immunity mediated by donor T-cells that recognize and react to
multiple allo-antigens [5]. In the present study, we demonstrated a
novel approach for attaining alloreactive CD4" T-cell-induced multi-
targeted cancer immunity that does not utilize allo-HSCT.

Methods

Cluster of differentiation (CD)4* and CD8" T-cells isolated form the
spleen of BALB/c mice were separately activated in cultures by den-
dritic cells (DCs) generated from the bone marrow of C57BL/6 (B6)
mice. The resultant host-reactive donor T-cells were injected into B6
mice bearing pre-established B16 melanoma. Host T-cells activated
by syngeneic DCs were used as the control.

Results

Whereas the intratumoral injection of host-reactive donor CD4" T-cells
elicited potent antitumor immunity against established B16 melanoma
in an alloantigen-dependent manner, intratumoral injection of host-
reactive donor CD8"* T-cells or host-type syngeneic T-cells failed to in-
duce antitumor responses. The number of injected donor-type host-
reactive CD4" T-cells diminished after tumor regression and did not in-
duce graft-versus-host disease-like complications. Interestingly, early
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after injection, the alloreactive CD4" T-cells underwent marked expan-
sion and produced higher levels of interferon-gamma compared to
syngeneic CD4" T-cells. This was accompanied by markedly increased
infiltration of host macrophages within the tumors as early as four
hours after injection. These tumor-infiltrating macrophages secreted
higher levels of interleukin (IL)-16, IL-12 and IL-23, which are critical for
inducing effector T-cell responses. Indeed, 24 hours after injection of
alloreactive CD4" T-cells, the infiltration of host effector CD8" T-cells
into tumors significantly increased, as evidenced by their production of
high levels of perforin and granzyme B. Furthermore, the melanoma B6
mice that survived alloreactive CD4" T-cell therapy developed host
memory T-cells specific to the B16 melanoma and acquired complete
resistance to the tumor rechallenge.

Conclusions

Results showed that immune reactions triggered by ex vivo-gener-
ated alloreactive CD4™ T-cells disrupt immunosuppressive tumor mi-
croenvironments and establish long-term host antitumor memory T-
cell responses. Our findings may help develop new strategies for sig-
nificantly enhancing the efficacy of cancer immunotherapy.
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Background

Functionally closed and affordable automated cell culture systems
are critical to the success of cell-based immunotherapy. Despite
major advances in these therapies, there are few systems available
that are practical for use at both the pre-clinical and clinical stages.
To address this need, we have designed a system called BATON
which is designed for optimal cultu