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ABSTRACT AND POSTER INFORMATION

Publication

Regular abstracts submitted in conjunction with the
33" Annual Meeting are published in the November
6, 2018 issue of the Journal for ImmunoTherapy of
Cancer (JITC), SITC's official journal. Late-Breaking
abstracts will be published in the December 6, 2018
issue of JITC. All abstracts are available on the SITC
website and in this electronic Abstract Book. An
abstract listing is available beginning on page 84 of
this abstract book.

Oral Abstracts

SITC Leadership has selected the highest scoring
abstract submissions for oral presentations. Oral
presentations during regular sessions are ten
minutes long. Oral presentations during the Rapid
Oral Presentation Sessions are five minutes long.

Late-Breaking Abstracts

To fulfill SITC's commitment to the most cutting-
edge science, late-breaking abstract submission was
offered from August 24-September 13, 2018. Only
those who submitted applications by the August 1,
2018 deadline were eligible to submit during this
period. The highest scoring submissions were
selected for oral presentation during the late-
breaking abstract sessions within the 33 Annual
Meeting.

Poster Abstracts

Accepted posters for the 33 Annual Meeting are on
display in the Exhibit and Poster Hall in Hall E.
Posters are available for viewing on Friday and
Saturday of the Annual Meeting. For a full listing of
displayed posters, please see the listing starting on
page 84. Reulgar and late-breaking abstracts that are
accepted for oral and poster presentations can
display their abstract as a poster. During the poster
display staffing hours listed below, designated
posters are staffed by respective authors, allowing
for information exchange and interaction between
researchers and attendees.

Exhibit and Poster Hall Location
Hall E

Exhbit and Poster Hall Hours
Friday, Nov. 9 from 8 a.m. -8 p.m.
Saturday, Nov. 10 from 8 a.m. —8:30 p.m.

Poster Presentation Hours (based on abstract poster
number):

Odd Numbered Posters (Poster Authors are Present)
Friday, Nov. 9, from 12:45 — 2:15 p.m.
Friday, Nov. 9 from 6:30 — 8 p.m.

Even Numbered Posters (Poster Authors are Present)
Saturday, Nov. 10 from 12:20 — 1:50 p.m.
Saturday, Nov. 10 from 7:00 — 8:30 p.m.

Travel Award Recipients

This image denotes the 2018 Travel Award
recipients.

Presidential Travel Award Recipients
See abstracts 09, 015, 033, 039

Abstract Travel Award Recipients

See abstracts 05, 010, 013, 032, 036, 047, P6, P43,
P207, P269, P281, P338, P424, P464, P493, P518,
P531, P546, P547, P556, P557, P564, P572, P588,
P589, P616, P649, P679



Poster Numbers

Regular Oral Abstract Posters................. 01-047 Late-Breaking Oral Abstract Posters....... 048-052
Regular Abstract Posters Late-Breaking Abstract Posters .............. P706-P721
ADCC/CDC .ueevvecieeieeteeeece et P1-P11

Best Practices for Improving Cancer

Immunotherapy .....ccccoeevveeiiiciieiiiiieeees P12

Biomarkers and Immune Monitoring .....P13-P147
Cancer Vaccines, Personal Vaccines

and Technology .....cccccvveeevcveeeeiciieeecnen, P148 — P190
Case StUudies ....cooveverieeiiieirieecee e P191-P194
Cellular Metabolism and Antitumor

IMMUNILY oo P195-P209
Cellular Therapy Approaches.................. P210-P286
Clinical Trials (Completed) .......cccce......... P287-P302
Clinical Trials (In Progress) .......ccceeeeuueee. P303-P343
Combination Therapy .....ccocceeeecvveeeennen. P344-P396
Co-Stimulatory Ligand-Receptor

INteractions .......ccuveeeeeeeiiiiieeeee e P397-P409
Cytokines in Anti-Tumor Immunity......... P410-P425
Emerging Models and Imaging................ P426-P446
Immune Effect of Chemotherapy ........... P447-P475
Immunosuppressive Cells in the Tumor
Microenvironment.......cooeeeevveeeeeeennnnnnns P476-P503
Impact of Diet, Exercise, and/or

Stress on Antitumor Immunity................ P504-P508
Innate Anti-Tumor Immunity ..........cc.ueee P509-P532
irAE Mangement ......ccccceeevvveviiinieeeee e, P533-P540

Mechanisms of Resistance to

Immunotherapy ......cccccvveeeecieeecciieeeees P541-P561
Mechanisms of TOXiCity........ccceeeeecvieeennns P562-P568
Microbiome and Anti-Tumor Immunity

or I-O Agent ToxXiCity .......ceeeeveenennnnnnnn, P570-P575

Micro-RNA, Epigenetics and Tumor/

Immune-cell Signaling Pathways in

Anti-Tumor ImMmunity ......ceeveveeeeeieeeeeennnn. P576-P579
Oncogenetics and Immunogenomics...... P580-P596
Oncolytic Viruses and Intratumoral

Therapies. oo eecccieeeeee e P597-P624
Other ittt P625-P641
Patient EXperience .........vevevevevevevevenenenene P643

T cell Checkpoints and Checkpoint
INNIDITOrS .ooeviciieieeeeree e P644-P705
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Background

There is strong evidence that immunotherapy-
mediated tumor rejection is associated with the
reinvigoration of tumor-specific CD8+ T cells most
likely recognizing neoantigens derived from tumor
somatic mutations. However, despite a substantial
number of mutations present in some tumors, only a
small fraction of neoantigens have been shown to be
immunogenic, partly due to the challenge in
identifying rare neoantigen-specific CD8+ T cells in
tumor-bearing individuals.

Methods

We employed mass cytometry and highly-
multiplexed combinatorial tetramer staining
together with cellular barcoding and high-
dimensional phenotypic characterization to
longitudinally monitor neoantigen-specific CD8+ T
cells in PBMC from 14 NSCL cancer patients treated
with atezolizumab. Close to 800 candidate tumor
neoantigens and 73 viral-derived control peptides

were screened across all patient samples; T cells
were simultaneously profiled using 30 or more
markers.

Results

Virus-specific T cells were detected in most patient
samples at frequencies as low as 0.004% of total
CD8+ T cells. T cells reactive for 13 different
neoantigens were also identified with a medium to
high confidence across all patients and time points.
Interestingly, the majority of medium-to-high
confidence hits (9/13) were detected among the 8
patients who presented an objective response to
treatment, with only 4 of the 13 hits detected in the
6 patients with progressive disease. The neoantigen-
specific cells differed phenotypically from bulk CD8+
T cells in the peripheral blood and displayed a
diverse phenotype.

Conclusions

This study demonstrates the utility of the use of
mass cytometry together with a combinatorial
tetramer staining for the ex vivo identification,
characterization, and longitudinal follow-up of rare
tumor-specific T cells. Importantly, it suggests that
the detection of neoantigen-specific T cells may be
used as a predictor of response to checkpoint
blockade and supports further research into this.
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Background

Myeloid-derived suppressor cells (MDSCs) are key
contributors in supporting tumor progression and
tumor escape through their ability to suppress anti-
tumor responses mediated through T cell and natural
killer (NK) cell activity [1,2]. Several studies have
qguantified MDSCs to detect tumor development,
monitor progression, and/or predict therapeutic
responses [3, 4]. The objective of this study was to
determine if flow cytometry data analysis of MDSCs
and other leukocytes could be incorporated with a
supervised machine learning classifier to identify
individuals presenting either with a prostate
malignancy (PCa) or benign condition (such as benign
prostate hyperplasia or BPH).

Methods

We used standard multiparametric flow cytometry
techniques to immunophenotype MDSCs and other
leukocytes found in the peripheral blood of 73 PCa,
48 BPH, and 73 control subjects; all prostate
pathologies were confirmed with a transrectal
ultrasound guided prostate (TRUSP) biopsy. Subjects
were excluded if they had a previous history of
cancer (not including subjects under active
surveillance), had a medical intervention for prostate
cancer, or were receiving a dihydrotestosterone
(DHT) or alpha-1 blocker for active treatment of BPH.
Next, a series of neural networks were created with
inputs consisting of the numerical event counts from
the flow cytometry FCS file (fluorescent or scatter
intensity values). Three datasets were constructed:
the training dataset — to ‘teach’ two output
categories through backpropagation and parameter
fitting; the validation dataset — to evaluate the fit to
minimize overfitting; and the test dataset — to rank
the trained networks against each other and
estimate the classification performance. Finally, a
naive testing set (i.e. never seen by the network) was
used to determine the overall performance of the
top-ranking networks after voting.

Results

With this approach, we were able to distinguish PCa
subjects (both high and low grade) from control
subjects with 91.7% accuracy (AUROC = 0.929; 95%
Cl: 0.8418 to 1.016). Using the same approach, we
can further identify PCa from BPH subjects with
87.5% accuracy (AUROC = 0.869; 95% Cl: 0.7938 to
0.9442).

Conclusions

By pairing supervised machine learning with the
immunophenotyping of MDSCs and other leukocytes
using flow cytometry, we have developed a novel
method for distinguishing PCa from control or BPH
subjects with high levels of accuracy. We believe this
methodology could be used to predict patient
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responses to immunotherapies and/or to monitor
tumor recurrence.
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Background

Analyzing anti-cancer immune responses can offer
insights into the mechanisms that underlie successful
cancer therapies. While the role of T cell immunity in
anti-cancer responses has been well characterized,
the role of the humoral immune response to cancer
remains less clear. Thus, we set out to identify anti-
tumor antibodies from 11 metastatic breast cancer
(MBC) patients who had exceptional responses to
systemic therapy with multi-year benefit, all of
whom were disease-free or long-term non-
progressors. The patients’ breast cancers were
diverse with respect to hormone receptor status,
HER2 status, and treatment history.

Methods

We used flow cytometry to isolate plasmablasts,
which are antibody secreting cells produced in
lymphoid tissues through activation, affinity
maturation, and differentiation of antigen-specific
naive and memory B cells. Natively paired IgG
sequences were generated from individual cells
using Immune Repertoire Capture® (IRC™)
technology. Similar immunoglobulin sequences were
grouped into putative antibody lineages based on
germline gene usage and CDR3 sequence features.

Results

A total of 9160 native pairs of expression-ready,
heavy and light chain immunoglobulin sequences
were generated. The antibody sequences were
grouped into putative clonal lineages, with 931 of
these lineages being expressed by two or more
plasmablasts, providing evidence of selection and
expansion. Comparison of the immunoglobulin
repertoires across patients revealed several cases in
which similar families of antibodies were identified in
more than one patient, suggesting convergent
selection. Antibodies in the putative convergent
families were predominantly 1gG2 (86%) which was
significantly higher than the frequency of IgG2 in
non-convergent lineages.By computationally
selecting immunoglobulin sequences and expressing
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them as recombinant proteins, patient-derived
antibodies were identified that bind to human and
mouse cancer cell lines, including human breast and
lung cancer, and tissues derived from xenogeneic

murine models of human breast and prostate cancer.

In addition, several antibodies were shown by
immunohistochemistry to bind specifically to non-
autologous human breast cancer tissue but not to
adjacent breast tissue.

Conclusions

Through the use of IRC™ technology and antibody
binding assays, the humoral immune response in
MCB exceptional responder patients has been
quantified. Of particular interest, this study has
identified patient derived-antibodies that bind
specifically to non-autologous breast cancer tissue
and have potential to form the basis of new cancer
therapeutics.
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Background

In patients with melanoma, low levels of tumor-
infiltrating lymphocytes and low/absent PD-L1
expression are associated with limited response to
anti-PD-1/anti-PD-L1 therapies. NKTR-214 (IL-2RBy-
biased cytokine) monotherapy stimulates
proliferation and activation of lymphocytes in blood
and tumor and increases PD-1/PD-L1 expression. The
impact of NKTR-214 and nivolumab on the systemic
immune system and local tumor microenvironment
is presented.
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Methods

The melanoma cohort is closed; 41 patients were
enrolled with 38 evaluable for efficacy (21 follow-up
scan). Tumor biopsies were analyzed using
multispectral IHC, gene expression, and TCR
sequencing. Flow cytometry and hematology were
used to evaluate blood cells. PD-L1 expression was
evaluated using DAKO, 28-8 PharmDx Assay.

Results

Immune monitoring of blood revealed clear
activation of the IL-2 pathway following
administration of NKTR-214 plus nivolumab.
Lymphocyte numbers increased 9x (N=41) from nadir
reaching their peak 7 days post dose and maintained
that magnitude of increase after each cycle. The
proportion of proliferating (Ki67+, n=12) CD4+, CD8+,
and NK cells increased 13x, 20x, and 6x over
baseline, respectively. Similar immune activation was
reported with NKTR-214 monotherapy (8x, 8x, and
7% over baseline, respectively). Immune cells
demonstrated an antigen-experienced phenotype
with an increased proportion of HLA-DR expression
on CD4+, CD8+, and NK cells 3x, 2x, and 6x over
baseline, respectively. ICOS levels increased 2x on
CD8+ T cells. Baseline and week 3 biopsies (n=12,
evaluable) showed local effects on the tumor
microenvironment including elevated expression of
PD-L1 on the tumor (patients converted from PD-L1
negative to positive), increased total numbers of CD8
infiltrate, and increased proportion of proliferating
cells all ranging from 6-17x over baseline. Following
treatment, intratumoral gene expression analyses
showed elevations in networks associated with the
NKTR-214 mechanism of action, including induction
of an interferon-gamma gene signature. The
investigator-assessed objective response rate as of
12 July 2018 was 50% (N=38), and no responder has
relapsed. Deepening of response was observed over
time and was associated with immune activation,
consistent with the MOA of NKTR-214 plus
nivolumab. The median duration of response has not
been reached.

Conclusions

NKTR-214 is a robust agonist of the IL-2 pathway and
together with nivolumab promotes immune
activation in the periphery and tumor
microenvironment for significant clinical activity. A
global phase 3 trial in treatment-naive advanced
melanoma patients of NKTR-214 plus nivolumab
versus nivolumab (1:1) will be open for enroliment in
2018.

Trial Registration
Clinicaltrials.gov NCT02983045 (PIVOT-02)
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Background

Mutational load, cytotoxic T-cell markers, and PD-L1
have been identified as biomarkers of response to
ICB. However, there is a growing understanding of
the contribution of B-cells in shaping response to
ICB. We conducted a neoadjuvant ICB trial in
patients with high-risk resectable melanoma
((NCT02519322), and identified B-cell signatures in
responders by protein expression profiling.

Methods

To further investigate this, we performed
transcriptomic profiling of longitudinal specimens in
this melanoma cohort. Differentially expressed genes
(DEG) were assessed in baseline samples with
adequate tumor purity. Targeted immune profiling
was further performed using immune deconvolution
tool MCP-counter in all baseline and on-treatment
samples, with additional validation from a metastatic
renal cell carcinoma (RCC) trial of ICB (NCT02210117)
and the melanoma TCGA dataset. Cases were
dichotomized by CD8 T-cell scores to study
interaction between B- and T-cells. Singlet and
multiplex immunohistochemistry assessed spatial
organization of the tumor infiltrating B-cells. Single
cell RNA sequencing was performed in an
independent cohort of metastatic melanoma
patients treated with ICB.

Results

The most DEG at baseline in melanoma responders
to ICB were B-cell related genes such as MZB1, BTLA,
and IGLL5 (NR) (p<0.0001 for all). B-cell signatures
were confirmed by a targeted immune gene
assessment using MCP-counter, showing higher B
lineage signatures among responders at baseline

(p=0.036) and on-treatment (p=0.038). Among
baseline cases, B-cells were more strongly predictive
among CD8 T-cell low subsets (p=0.085) compared to
T cell high (p=0.833). The applicability of these
findings to other tumors was demonstrated in an
RCC cohort, in which B lineage scores was predictive
of response (p=2.6e-03), and differential effects
were again seen between CD8 T-cell low (p=0.008)
and high cases (p=0.564). In the melanoma TCGA, B-
cell lineage score was correlated with improved
survival (p<0.0001 for overall and disease-specific
survival), in particular in CD8 T-cell low cases
including after multivariable adjustment (p=0.001 for
overall survival and 0.006 for disease-specific
survival). Single cell sequencing in an independent
melanoma cohort identified DEG within B-cells by
response, providing insights into B-cell phenotypes
associated with outcomes. Assessment of tissue
sections from tumor samples in the neoadjuvant
melanoma ICB cohort demonstrated co-localization
of the B cells in TLS with CD8 and CD4 T-cells and
CD21 follicular dendritic cells. The ratio of tumor
area occupied by TLS was higher in responders
(p=0.037 at baseline and 0.002 on-treatment).

Conclusions

Together, these results highlight the potential
significance for B-cell signatures as prognostic and
predictive factors for response to ICB.
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Background

Substantial effort is ongoing to identify predictors of
response to immunotherapy. Numerous PD-L1
immunohistochemistry (IHC) assays are now FDA-
approved. More recent biomarker approaches
include the assessment of tumor mutational burden
(TMB), gene expression profiling (GEP) and
guantitative and/or spatial assessment of multiple
proteins by multiplex IHC/immunofluorescence
(mIHC/IF). The purpose of this project was to
determine the relative sensitivity and specificity of
these modalities.

Methods

We performed a meta-analysis of the association
between overall response rate to anti-PD(L)1
monotherapy and PD-L1 IHC, TMB, GEP, or mIHC/IF.
For PD-L1 IHC, only clinical trials that resulted in FDA-
approved indications for anti-PD-(L)1 monotherapy
were included. Due to the earlier development
phase of TMB, GEP, and mIHC/IF, all identified
publications or meeting abstracts using these
modalities were included. Results were filtered to
ensure that each study/data set was represented
only once. Studies focused on MSI-high tumors were
not included in the TMB category. For each individual
study, the specificity, sensitivity, negative and
positive predictive values (NPV and PPV) were
determined according to each individual study’s
scoring algorithm of a positive vs. negative test.
Summary receiver-operating characteristic (SROC)
curves corresponding to each of the modalities were
generated with each study 1) weighted equally (i.e.
unweighted) and 2) weighted by patient specimen
number tested.

Results

7454 patient specimens representing 10 different
solid tumor types were assayed, and the results were
correlated with anti-PD-(L)1 response. This data was
derived from n=25 reports that tested PD-L1 IHC,
n=11 for TMB, n=6 for GEP, and n=5 for mIHC/IF.
When each modality was evaluated with sSROC
curves, PD-L1 had the lowest predictiveness
(unweighted AUC 0.664, weighted AUC 0.659)
followed by TMB (unweighted AUC 0.732, weighted
AUC 0.708, Figure 1A, 1B). Although GEP and
mIF/IHC had the least data available, they had the
highest AUCs (unweighted AUC 0.859 and 0.821,
weighted AUC 0.877 and 0.785, respectively, Figure
1A, 1B). Most modalities provide relatively high NPV,
but mIHC/IF also demonstrates high PPV.

Conclusions

Several distinct biomarkers have predictive value in
identifying patients most likely to respond to PD-(L)1
therapy. TMB has modestly better performance
relative to PD-L1 IHC, and newer approaches such as
GEP and mIHC/IF may have improved sensitivity and
specificity. Further studies are needed to determine
the most predictive analytes and scoring algorithms,
and to assess whether biomarker performance varies
by tumor type. Composite approaches including
more than one of these modalities may perform
better than any single modality alone.

Ethics Approval

The study was approved by the Johns Hopkins
University Institutional Review Board.
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Background

Neoantigens arise from DNA mutations in cancer
cells and are important targets for T cell mediated
anti-tumor immunity. NEO-PV-01 is a personal
neoantigen vaccine of up to 20 peptides designed
based on a patient’s neoantigen and HLA profile that
is directed at inducing tumor-specific T cell responses
to neoantigens. We report clinical and immune data
from NT-001, a phase 1b study of NEO-PV-01 +
adjuvant in combination with nivolumab in
metastatic melanoma, NSCLC and bladder cancer
(ClinicalTrials.gov: NCT02897765).

Methods

After 12 weeks of nivolumab treatment, patients
received NEO-PV-01 vaccine plus adjuvant poly-ICLC
in a prime-boost format spanning 12 weeks. The
primary endpoint is safety; secondary endpoints
include overall response rate (ORR) and the rate of
post-vaccination responses. Comprehensive genomic
and immune assessments were performed with
serial biopsies and apheresis before and after
vaccination to characterize treatment-related
immune response in each patient.

Results

In 31 patients across tumor cohorts, all vaccine-
related AE’s were grade 1/2, with the most frequent
being injection site reactions and fatigue. There were
no vaccine-related SAEs. Among the 13 melanoma
patients who received the full vaccine course at the
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time of data cut, the ORR was 62% (8/13), of which
two responses were seen post-vaccination. A total of
11/13 (85%) vaccinated melanoma patients remain
on treatment with a median duration of 41.3 weeks
(range = 29.6-62.0 weeks). ORR’s were 33% (1/3) for
both the NSCLC and bladder cohorts with a median
time on treatment of 39.0 and 31.9 weeks
respectively. Notably, one NSCLC patient who had
stable disease on nivolumab alone had a partial
response post-vaccination. Serial immune analysis
completed on 10 melanoma patients demonstrated
CD4 and CD8 T cell responses against 58% of vaccine
peptides as measured by via IFNy ELISpot. T cell
responses were neoantigen-specific for 86% (12/14)
of peptides tested. Most T cell responses were
polyfunctional, producing multiple cytokines and
were of a memory phenotype. Epitope spreading,
defined by post-vaccination T cell responses to
neoantigens not included in the vaccine, was
observed in 4/6 (67%) melanoma patients analyzed.
Multi-platform assessments of immune response,
including serial exome sequencing and TCR
repertoire analysis of tumor biopsies will be
presented.

Conclusions

Treatment with NEO-PV-01 + adjuvant and
nivolumab was well tolerated and demonstrated
evidence of clinical activity. In addition, this
combination induced broad de novo neoantigen-
specific immune responses in metastatic cancers.
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Background

The need for treatment personalization in cancer
therapy is evident as every tumor is molecularly
unique. Especially immunotherapy should be
customized to the highly individual antigenic
landscape of every tumor for optimal efficacy.
Glioblastoma are immunologically regarded as
resistant and “cold” with an average of 30-50
mutations per tumor resulting in very few targetable
neoantigens. To fully exploit all available antigens in
glioblastoma, mutation-derived neoantigens as well
as non-mutated antigens that are over-presented in
the individual tumor should be addressed.

Methods

The GAPVAC consortium realized an
immunotherapy, in which patients with newly
diagnosed glioblastoma were offered two peptide-
based actively personalized vaccines (APVAC) in
addition to standard chemotherapy. Personalization
was based on the mutational landscape,
transcriptome and immunopeptidome of the
individual tumors. Analysis of the patients’ immune
repertoire before treatment completed the dataset.
GAPVAC-101 (NCT02149225) enrolled 16 patients in
a European phase | feasibility, safety and
immunogenicity trial integrated into standard of
care. For APVAC], up to 7 peptides were selected
from a trial-specific warehouse based on individual
biomarker data. Vaccination (i.d.) with GM-CSF (i.d.)
and poly-ICLC (s.c.) started with the 1st adjuvant
cycle of temozolomide. For APVAC2, analyses
revealed between 19 and 84 somatic, non-

synonymous mutations in the patients’ tumors. From
the 4th TMZ cycle onwards, 11 patients received
APVAC2 with usually 2 de novo antigens per patient
(preferentially neoantigens).

Results

Personalized APVAC vaccines could be designed and
manufactured for all patients demonstrating the
feasibility of the complex personalization approach.
Adverse events were largely reversible injection site
reactions but also 2 anaphylactic reactions and one
increase in cerebral edema. All immune evaluable
patients developed at least one APVAC-specific
immune response. Short, non-mutated APVAC1
antigens induced sustained CD8+ T-cell responses, in
most cases with induction of a memory phenotype.
51% of vaccinated APVAC1 class | peptides were
immunogenic (ex vivo readout). 84.7% of the
mutated APVAC2 peptides induced predominantly
multi-functional CD4+ T-cell responses of favorable
TH1 type; 45% of APVAC2 peptides induced also
CD8+ T-cell responses against nested HLA class |
neoantigens. Median OS was 29 months from
diagnosis in patients that received APVAC
vaccination (N = 15). For one patient, a broad
APVAC-specificimmune response in periphery and
tumor was paralleled with a favorable clinical course.

Conclusions

Overall, the GAPVAC approach displayed expected
safety profiles and high biological activity warranting
further development. This concept may be
extrapolated to future developments of personalized
medicines.

Trial Registration
NCT02149225

Ethics Approval

The GAPVAC-101 trial was approved by ethics
committees in the following countries:- Germany:
Ethikkommission der Medizinischen Fakultat
Heidelberg; Zeichen: AFmo-126/2014- Netherlands:
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Background

The inhibited T cell function present in most patients
and experimental animals with cancer represents a
key obstacle in the development of promising
immunotherapies. Several suppressive mechanisms
including starvation of nutrients, exposure to high
levels of reactive species, and acidosis impair T cell
responses and are characterized by the induction of
cellular stress pathways. However, the molecular

targets that render tumor-infiltrating T cells
dysfunctional remain practically unknown. Here, we
aimed to determine the role of the C/EBP-
homologous protein (Chop, encoded by Ddit3 gene),
a downstream sensor of severe endoplasmic
reticulum (ER) stress, in the functional regulation of
tumor-exposed T cells.

Methods

For in vitro analysis, tumor-exposed activated T cells
were collected for real-time PCR, Western Blot,
Fluorescence-Activated Cell Sorting (FACS), RNA-seq,
and Chromatin Immunoprecipitation assays. For T
cell adoptive transfer, CD8+ T cells were isolated
from control or Chop (Ddit3) null Pmel mice,
stimulated with gp100 peptide, and transferred into
mice bearing established B16 melanoma tumors.
Next, transferred T cells were detected by FACS and
the production of IFN-gamma examined through
ELISpot and FACS. For in vivo tumor growth, T cell-
conditional Chop null (Ddit3 T cell-KO) mice were
generated and injected with s.c. tumors. In some
experiments, CD8+ T cells were eliminated from
tumor-bearing mice after treatment i.p. with a
depleting anti-CD8 antibody every 3 days.

Results

Our results show that Chop is upregulated in tumor-
infiltrating CD8+ T cells from tumor-bearing mice and
patients with advanced ovarian carcinoma. Chop
upregulation in tumor-infiltrating CD8+ T cells
correlated with poor clinical outcome. The induction
of Chop in tumor-exposed T cells was mediated by
an increase in reactive oxygen species and a
subsequent activation of the ER stress-associated
kinase Perk. Deletion of Chop in CD8+ T cells
enhanced effector/cytotoxic pathways, promoted
significant anti-tumor effects, and overcame tumor-
induced T cell tolerance. Mechanistically, Chop
intrinsically repressed the transcription of the master
regulator of effector T cell function, T-bet, and
therefore enhanced anti-tumor effector mediators.
Moreover, therapeutic inhibition of Chop in CD8+ T
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cells, through specific anti-sense oligonucleotides,
dramatically augmented the anti-tumor
effectiveness of T cell-based adoptive transfer
therapies.

Conclusions

Our study reveals for the first time the significant
regulatory role of the ER stress-driven Chop inthe T
cell dysfunction occurring in tumors and suggests the
therapeutic potential of inhibiting Chop in T cells as a
strategy to overcome tumor-induced T cell tolerance
and enhance the effect of T cell-based
immunotherapy.

010 Abstract Travel Award Recipient
Lipid accumulation in the pancreatic tumor
microenvironment drives metabolic exhaustion of

CD8+ T cells

Teresa Manzo, PhD*

YEQ, Milan, Italy

Background

The advent of immunotherapy has revolutionised
cancer treatment by inducing, providing, and/or
reactivating anti-tumuor T cells. Complete and
durable clinical responses have been achieved in
patients whose cancers were resistant to available
standard treatments. Yet it has still met with limited
success in most patients with solid tumours,
including pancreatic ductal adenocarcinoma (PDAC).
Several studies both in murine models of pancreatic
cancer and PDAC patients have demonstrated that
CD8+ T cells were often scarce and, if present,
dysfunctional. However, our knowledge of the
mechanisms that regulate their function in the
context of the tumour microenvironment (TME) is
still limited. We designed a study to fill this gap,
aiming to enhance the clinical efficacy of
immunotherapy.

Methods

To identify the sequence of events leading to CD8+ T
cell dysfunction in the context of PDAC, first we
conducted a longitudinal analysis of the T cell
infiltration in a mouse model that recapitulates the
progression of the human disease. Second, we
employed MALDI-FT-ICR imaging mass spectrometry
(IMS) to reveal the compositional changes in the
regions of the murine and human TMEs infiltrated by
CD8+ T cells. Thus, we profiled metabolically and
transcriptionally both murine flow-sorted and
patient-derived intra-pancreatic CD8+ T cells to gain
mechanistic insights on their dysfunction. Finally, we
performed adoptive T cell therapy in an engineered
mouse model of PDAC to provide preclinical
evidence that metabolic reprogramming of tumour-
specific T cells might represent an effective strategy
to enhance outcomes of immunotherapy in PDAC.

Results

We describe high levels of lipid accumulation in the
TME areas of PDAC populated by infiltrating CD8+ T
cells. In this lipid-rich TME, transcriptional
deregulation in CD8+ T cells of pathways involved in
lipid metabolism prevented engagement of fatty acid
catabolism, leading to mitochondrial dysfunction and
ultimately impairing their effector functions during
PDAC progression. Intra-pancreatic CD8+ T cells from
both murine and human tumours showed down-
regulation of the very-long-chain acyl-CoA
dehydrogenase (ACADVL) enzyme. Metabolic
reprogramming of tumour-specific T cells through
enforced expression of ACADVL enabled enhanced
intra-tumoral T cell persistence in an engineered
mouse model of PDAC.

Conclusions

CD8+ T cells penetrate into PDAC TME and persist
until late stages, but eventually become functionally
impaired. Our comprehensive understanding of the
metabolic state of PDAC TME offers novel insights in
the dynamic of PDAC immunity and we harnessed
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this information to generate an innovative
immunotherapy strategy based on metabolic
reprogramming of tumour-specific T cells.

011

Tumor cell oxidative metabolism as a barrier to PD-
1 blockade immunotherapy in melanoma

Ashley Menk, BS?, Yana Najjar, MD?, John Kirkwood,
MD?, Cindy Sander, BS?, Greg Delgoffe, PhD?*

1University of Pittsburgh, Pittsburgh, PA, USA
2UPMC Hillman Cancer Center, Pittsburgh, PA, USA

Background

PD-1 blockade therapy has been paradigm-shifting
for melanoma, but durable responses only occur in a
subset of patients. While we have previously shown
that tumor-infiltrating T cells have repressed
metabolic machinery, the environment itself is
nutrient poor due to the deregulated metabolism of
tumor cells. While recent studies have suggested
that T cells compete with tumor cells for glucose, our
studies suggest it is the oxidative metabolism that
may be limiting in tumor immunity. We hypothesize
resistance to immunotherapy may be due to
deficiencies in the metabolic makeup of the tumor
microenvironment, and that we can infer that
environment’s metabolism in patients by
metabolically profiling tumor cells.

Methods

Melanoma patient samples were profiled by
Seahorse analysis in parallel to flow cytometric
analysis of tumor infiltrating lymphocytes (TIL).
Murine melanoma cells were generated including
RNAI constructs to specific metabolic pathways.
Response to PD-1 blockade immunotherapy was
monitored and lymph node or TIL T cells were tested
for effector function, metabolism, and localization by
flow cytometry and immunofluorescence.

Results

Analysis of melanoma patient biopsies showed
striking heterogeneity in the metabolism of tumor
cells. Patients with more metabolically active tumors
have more dysfunctional TIL, while tumors that were
metabolically quiescent contained T cells with
superior effector function. Profiling of patient tumor
cells prior to PD-1 blockade therapy revealed that
patients with metabolically oxidative tumors had
poorer responses while patients with quiescent
tumors experienced long-term response. To confirm
the role of oxidative metabolism, we generated
murine melanoma lines in which glucose or oxidative
metabolism was inhibited. Tumor cells in which
oxidative (but not glucose) metabolism was inhibited
created a less hypoxic microenvironment, had
improved T cell function, and an increased response
to PD-1 blockade immunotherapy.

Conclusions

Our data suggest that the degree of tumor hypoxia,
driven through deregulated oxidative metabolism of
the tumor cell, determines whether T cells have a
permissive microenvironment for effective
immunotherapy, and that inhibiting tumor cell
oxidative metabolism may be an attractive strategy
to improve the efficacy of immunotherapy.

012

Chronic endoplasmic reticulum stress drives
mitochondrial exhaustion of CD8 TILs

Jessica Thaxton, PhD, MSCR?, Kiley Lawrence?, Katie
Hurst?, Lee Leddy!, Matthew Essman?

IMedical University of South Carolina, Charleston, SC,
USA

Background

Tumor antigen-specific T cells rapidly lose energy and
effector function in tumors. The cellular mechanisms
by which energy loss and inhibition of effector
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function occur in tumor infiltrating lymphocytes
(TILs) are ill-defined. Processes upstream of the
mitochondria guide cell-intrinsic energy depletion.
We hypothesized that a mechanism of T cell-intrinsic
energy consumption that may affect exhausted CD8+
TILs was the process of oxidative protein folding that
takes place in the endoplasmic reticulum (ER) guided
by protein kinase R-like endoplasmic reticulum
kinase (PERK) and its downstream target ER
oxidoreductase ERO1a.

Methods

To test our hypothesis, we created TCR transgenic
mice with a T cell-specific PERK gene deletion (OT-1-
Lckcre-PERKf/f, PERK KO) to determine how the PERK
axis shapes T cell energetics and oxidative stress. We
used proteomics, small molecule inhibitors, and
guantification of PERK axis gene activation in CD8
TILs to measure how this axis impacts T cell
bioenergetics.

Results

We found that, through PERK, ERO1a drives energy
consumption and oxidative stress in T cells.
Proteomics analysis revealed that ERO1a induced a
protein profile in T cells associated with increased
translation, energy production and consumption,
and extraction of misfolded proteins. We identified a
biomarker of PERK-ERO1a-mediated metabolic
exhaustion and oxidative stress in T cells as
mitochondrial reactive oxygen species (mtROS), and
we found that PD-1+ CD8+ TILs express mtROS and
high levels of ERO1a. In vivo treatment with a PERK
inhibitor abrogated mtROS and boosted viability and
effector function of PD-1+ CD8 TlLs. Combination
therapy was effective compared to control
conditions in a sarcoma mouse model.

Conclusions

Our data identify the ER as a regulator of T cell
energetics and indicate that ER elements are
effective targets to improve cancer immunotherapy.

013 Abstract Travel Award Recipient

Lactic acid metabolically supports the high
suppressive function of tumor infiltrating regulatory
T cells

McLane Watson, BS!, McLane Watson, BS?, McLane
Watson, BS?, Paolo Vignali, BA!, Ryan Whetstone,
MS, PhD?, Ronal Peralta?, Rahul Deshpande, PhD?,
Ashley Menk, BS?, Nicole Scharping, BS?, Brett
Morrison, MD, PhD?, Stacy Wendell, PhD?, Greg
Delgoffe, PhD?!

IUniversity Of Pittsburgh, Pittsburgh, PA, USA
2Johns Hopkins, Baltimore, MID

Background

Cancer immunotherapy fails for a majority of
patients due a number of resistance mechanisms
including the recruitment, activation, and
differentiation of regulatory T cells (Treg). While
metabolically harsh conditions in the tumor
microenvironment (TME) starve infiltrating effector T
cells, it has been shown that Treg cells have a distinct
metabolic profile potentially providing them
metabolic flexibility to utilize metabolites rich in the
TME. Therefore, we hypothesized that the TME is
metabolically supporting Treg cells.

Methods

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

Results
Results: In vitro, Treg cells conditioned in no or low
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glucose media were superior suppressors to those
conditioned in high glucose. Similarly, sorting Treg
cells based on glucose uptake revealed low glucose
Treg cells to be superior suppressors. Transcriptional
and metabolic profiling revealed intratumoral Treg
cells upregulate a distinct metabolic profile utilizing
the glycolytic end-product, lactic acid. Lactic acid has
been known to be immunosuppressive, and indeed,
it curbed the function of conventional effector cells
in vitro. However, lactic acid had no effect on Treg
cell function. Isotopic flux analysis revealed lactate is
utilized by Treg cells to generate glycolytic
intermediates, in part through gluconeogenic
pathways. Inhibition of gluconeogenesis in vivo
resulted in decreased proliferation of tumor
infiltrating Treg cells. Preventing lactate transport in
Treg cells through a conditional knockout of MCT1
resulted in mice with normal immune homeostasis,
but superior anti-tumor immunity when implanted
with melanoma. This coincided with increased IFN-y
production by intratumoral CD8, Treg, and Tconv
cells leading to dramatically slowed tumor growth.

Conclusions

Conclusions: These data suggest that lactic acid
supports Treg cells in the TME and that targeting
lactate metabolism to weaken Treg cells may
increase efficacy of cancer immunotherapy.
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Reinvigorating TILs by hyper-oxygenation
Mateusz Rytelewski, PhD?, Karine Haryutyunan?,

Felix Nwajei, PhD?, Sergei Vinogradov, PhD?, Marina
Konopleva, MD, PhD?, Tomasz Zal, PhD?, Anna Zal?

IUniversity of Texas MD Anderson Cancer C, Houston,
TX, USA

2MD Anderson Cancer Center, Houston, TX, USA
3University of Pennsylvania, Philadelphia, PA, USA

Background

Active migration of lymphocytes within tumors is
pre-requisite to immune therapies. Both solid
tumors as well as bone marrow malignancies
develop regions of low oxygen partial pressures, i.e.
below 5 mmHg, known as tumor hypoxia. Tumor
hypoxia plays multiple roles in tumor immune
suppression including tissue expression of
checkpoint molecules, decreased antigen
presentation and deactivation of various tumor-
infiltrating lymphocytes (TILs). However, the
relationship of intratumoral oxygen distribution to
the motility of TILs remains undefined, largely owing
to the lack of a suitable method for contextual
imaging of oxygen gradients and cell dynamics in
vivo.

Methods

Using PtP-C343 oxygen probe, we developed a
regimen of intravital 2-photon microscopy that
combines TIL motility recording with oxygen imaging
based on phosphorescence lifetimes. We applied this
method, termed 2-photon pre-pulse
phosphorescence lifetime imaging microscopy
(2PreP-PLIM) to relate the dynamic behavior of T
cells to the local oxygen gradients that develop
inside solid lung tumors and leukemic bone marrow
in pre-clinical mouse models.

Results

We found that tumor infiltrating T-lymphocytes
traversed regions of varying oxygen concentrations,
including regions of hypoxia that developed within
the solid tumor cores and in bone marrow with
advanced-stage B-cell acute lymphocytic leukemia
(B-ALL). T cell motilities were markedly decreased in
hypoxic regions compared to the neighboring
normoxia, and many of the TILs experiencing hypoxia
appeared stalled. Remarkably, breathing 100%
oxygen, which alleviated hypoxia inside solid lung
tumors, rapidly increased the migratory behavior of
otherwise stalled T cells.
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Conclusions

The devised technique for intravital oxygen and cell
dynamics co-imaging reveals a role of oxygen supply
in promoting intratumoral T cell migration. Our
results reveal reinvigoration of TIL motility as a new
mechanistic benefit of oxygen and, possibly, other
hypoxia countermeasures in counteracting tumor
immune suppression.
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Engineering adoptive T cell therapy to co-opt Fas
ligand-mediated death signaling in solid tumors
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Background
Over 20,000 women are diagnosed with ovarian

cancer annually, and over half will die within 5 years.

This rate has changed little in the last 20 years,
highlighting the need for therapy innovation [1]. One
especially promising new strategy employs immune
T cells engineered to target proteins uniquely
overexpressed in tumors, with the potential to limit
tumor growth without toxicity to healthy tissues.
Mesothelin (MslIn) is a rational target for ovarian
cancer immunotherapy [2] - it contributes to the
malignant and invasive phenotype in these tumors
and has limited expression in healthy cells [3,4,5].

Methods

Deep transcriptome profiling of whole tumor tissue
was used to confirm the expression of similar gene
signatures in human cancers and in the preclinical
ID8 mouse model, including comparable expression
of immunosuppressive pathways. For example, RNA
sequencing, flow cytometry and
immunohistochemistry analysis revealed consistently
high expression of the immunomodulatory protein
Fas ligand (FasL). Human/mouse T cells were
engineered to express a human/mouse Msln-specific
high-affinity T cell receptor (TCR-Msln)[6] and tested
for cytotoxic activity against human patient-derived
or ID8 mouse ovarian cancer cell lines in vitro and in
vivo.

Results

In a disseminated ID8 tumor model, adoptively
transferred TCR-MslIn T cells preferentially
accumulated within established tumors, delayed
ovarian tumor growth, and significantly prolonged
mouse survival. However, our data also revealed that
elements in the tumor microenvironment (TME) limit
engineered T cell persistence and anti-cancer
activity. We and others previously detected FasL in
the tumor vasculature [7] and TME of human and
murine ovarian cancers. FasL can induce apoptosis in
infiltrating lymphocytes expressing Fas receptor
(Fas)[8]. To overcome this potential T cell evasion
mechanism, we generated a panel of
immunomodulatory fusion proteins (IFP) containing
the Fas extracellular binding domain fused to a CD28
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or 4-1BB co-stimulatory domain, rather than the
natural death domain. Relative to T cells modified
with only TCR-MslIn, T cells engineered to express
both TCR-MslIn and a Fas IFP preferentially infiltrate
tumors, expand/persist and retain function in the
TME of tumor-bearing mice. Moreover, adoptive
immunotherapy with IFP+ T cells significantly
prolonged survival in tumor-bearing mice, relative to
TCR-MsIn T cells lacking an IFP.

Conclusions

Fas/FasL signaling can mediate T cell death, including
activation-induced cell death, an apoptotic
mechanism responsible for regulating T cell
expansion. Thus, tumor cells may upregulate FasL for
protection from tumor-infiltrating lymphocytes. As
many solid tumors overexpress FasL, IFPs may
provide an opportunity to enhance engineered
adoptive T cell therapy against many malignancies.
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Background

Adoptive Cell Transfer (ACT) using Tumor Infiltrating
Lymphocytes (TIL) for unresectable metastatic
melanoma results in a median progression free
survival of 6 months and median overall survival of
33 months at our institution. The purpose of this
study is to analyze the phenotype and function of
patient infused TIL and identify TIL phenotypes
associated with response and progression free
survival.

Methods

Patient-derived and infused TIL samples were
phenotyped for composition of CD4+ and CD8+ T-
cells, expression of co-stimulatory and co-inhibitory
markers (4-1BB, PD-1, OX-40, BTLA, LAG3, TIM3,
TIGIT), and Tregs (CD4+ CD25hi CD127-).
Additionally, T-cell memory markers were used to
analyze the proportion of naive (CD45RA+ CCR7+
CD62L+ CD95-), T stem cell memory (Tscm)
(CD45RA+ CCR7+ CD62L+ CD95+), central memory
(CD45RA- CCR7+ CD62L+ CD95+), effector memory
(CDA5RA- CCR7- CCR7- CD62L- CD95+), and terminal
effector (CD45RA+ CCR7- CD62L- CD95+). Samples
was co-cultured with HLA-matched melanoma cell
lines and analyzed for IFNy production.

Results

Forty one infused TIL samples were analyzed. We
observed an increased CD8+:CD4+ T-cell ratio in
patients who were partial or complete responders

(responders) compared to stable disease and
progressive disease (non-responders) by RECIST
criteria. No differences in expression of co-
stimulatory or co-inhibitory markers on CD8+ or
CD4+ T-cells were found. An overall increase in Treg
percentage was found in non-responders, though
there was no increase in Tregs as a percentage of
CD4+ T-cells. Among memory T-cell populations,
responders had enrichment for CD8+ Tscm cells as a
percentage of total TIL compared to non-responders.
Additionally, patients with greater than 12% CD8+
Tscm in the TIL product have not met their median 5
year progression free survival compared to 6 months
for patients with 12% of less CD8+ Tscm. Of 37
samples, 20 were reactive in an MHC class |
dependent manner against at least one HLA-
matched melanoma cell line. Additionally, reactivity
was associated with an increased progression free
survival of 35 months compared to 5 months for
non-reactive samples.

Conclusions

In this study we show that CD8+ Tscm T-cells within
the ACT TIL therapy product as well as reactivity to
HLA-matched cell lines is associated with patient
response to therapy as well as progression free
survival. Tscm cells have been of great interest in
cellular therapies due to their increased persistence.
These data form the rationale for enriching CD8+
Tscm cells in TIL ACT products and could lead to
better clinical outcomes.
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Infusion of TGFB-resistant EBV-specific T-cells post
cytoreductive chemotherapy is safe and associated
with clinical benefit in patients with
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Background

Outcomes for patients with recurrent/metastatic
Epstein-Barr virus positive (EBV+) nasopharyngeal
carcinoma (NPC) are poor and treatment options are
limited. Previously, systemic administration of up to
3x1078/m2 autologous EBV-specific T-cells was safe,
however antitumor activity was limited. Lack of
efficacy was likely due to i) limited specificity of the
infused T-cell products to EBV antigens expressed in
NPC, ii) lack of T-cell expansion, and iii) the
immunosuppressive tumor microenvironment. To
address these limitations, we developed a product
enriched in LMP1-, LMP2-, EBNA1-, and BARF1-
specific T-cells. T-cells were also modified to resist
TGFB mediated immunosuppression by introducing a
dominant-negative TGFB receptor (DNR.NPC T-cells).
We evaluated the safety and antitumor activity of
these DNR.NPC T-cells in patients with
recurrent/metastatic NPC.

Methods

In a phase 1 trial, NCT02065362, we administered
0.4-1x1078/m2 autologous DNR.NPC T-cells to
patients with recurrent/metastatic EBV+ NPC with or
without cytoreductive chemotherapy. Post-infusion
we evaluated safety, T-cell expansion, and antitumor
activity.

Results

Four patients received two doses of 2x1027/m?2
DNR.NPC T-cells 14 days apart. Without
cytoreduction, T-cell expansion was limited as judged
by DNR-gPCR (mean peak: 80.2 copies/ug DNA;

range: 10.4-133.6 copies/ug DNA). The protocol was
therefore modified to include cytoreductive
chemotherapy with cyclophosphamide (Cy;
500mg/m2/day) and fludarabine (Flu; 30mg/m2/day)
on days -4 to -2 prior to T-cell infusion. Cy/Flu and T-
cell infusions were well tolerated without dose
limiting toxicities in 4 patients who received either
4x1077 cells/m2 (n=2) or 1x1078 cells/m2 (n=2).
There was a 128-fold greater DNR.NPC T-cell
expansion (p<0.05) in patients who received
cytoreduction compared to those who did not. T-cell
expansion occurred at a median 7 days post infusion
(range: 4-7 days) with a peak DNR-gPCR level of
10,305 copies/ug DNA (range: 1,016-31,765
copies/ug DNA). Antitumor activity was assessed 6
weeks post T-cell infusion. Without cytoreduction,
2/4 patients had progressive disease, 1 had stable
disease (SD), and 1 was not evaluable. Of the 4
patients who received cytoreduction followed by T-
cells, 3/4 had SD, and 1, who had imaging findings of
unknown significance (recovering marrow vs
metastatic disease), had a complete response. With
a median follow up of 19.5 months (range: 18.2-27.7
months), 3/3 patients who received T-cells only died
from disease progression. In contrast, 4/4 patients
who received T-cells preceded by cytoreduction are
alive; 2 with SD, and 2 in remission.

Conclusions

Infusion of DNR.NPC-specific T-cells after
cytoreductive chemotherapy is safe, results in robust
T-cell expansion, and is associated with objective
clinical benefit in patients with recurrent/metastatic
NPC.
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This study (ClinicalTrials.gov identifier:
NCT02065362) was approved by the institutional
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(Houston, TX) and by the US Food and Drug
Administration.
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Background

Metastatic myxoid/round cell liposarcoma (MRCLS)
has a poor prognosis. NY-ESO-1 is expressed in 80-
90% of MRCLS tumors, making it an attractive target
for adoptive T-cell immunotherapy. This study
evaluates affinity enhanced autologous NY-ESO-
1¢259T-cells (SPEAR T-cells) recognizing an NY-ESO-
1-derived peptide complexed with HLA-A*02 in
MRCLS (NCT02992743).

Methods

This open label phase I/1l single arm pilot study
evaluates efficacy, safety, and translational research
endpoints. The protocol was approved by each
center’s Institutional Review Board, and all patients
signed informed consent forms. Eligible patients are
> 18 years old; HLA-A*02:01+, *02:05+ or *02:06+;
have advanced MRCLS expressing NY-ESO-1 at 2+/3+
intensity in 230% of tumor cells by
immunohistochemistry; have measurable disease;
received anthracycline therapy; ECOG status 0 or 1;

and have adequate organ function. Following
apheresis, T-cells are isolated, expanded, transduced
with a lentiviral vector containing the NY-ESO-
1c259TCR, and 1- 8 x 109 transduced T-cells are
infused on day 1 after lymphodepletion with
fludarabine 30 ug/m2/d and cyclophosphamide 600
ug/m2/d on d -7 to -5. Response is assessed at 4, 8,
12, and 24 weeks and then every 3 months until
disease progression.

Results

Thirty-nine patients were screened: 20 had the
requisite HLAs, and 17 of these had NY-ESO-1
present at required levels. Thirteen patients were
enrolled, and 10 received the TCR therapy between
04 October 2017 and 27 June 2018 (as of 12 July
2018). The patients received 1.0-5.7 x 109
transduced T-cells. Two patients were recently
treated, and tumor lesion assessment at week 8 is
still pending. There are post-infusion tumor lesion
assessments for 8 patients: 3 females, 5 males, with
a median age of 48, and median 4 lines of prior
systemic therapies. At the time of the data cut-off, 4
of the 8 patients (50%) have achieved a confirmed
partial response (PR) and 50% have stable disease
(SD) as the best overall response. The duration of
responses varies from 4 weeks to greater than 5
months; 2 of the patients have ongoing PRs as of 12
July 2018. AEs > grade 3 in these 8 patients include
lymphopenia (6), neutropenia (5), leukopenia (5),
thrombocytopenia (3), hypophosphatemia (2),
anemia (1), cytokine release syndrome (1; SAE),
pyrexia (1) and leukocytosis (1). None required study
discontinuation.

Conclusions

These preliminary data indicate that treatment with
NY-ESO-1¢259T-cells in MRCLS appears to have an
acceptable safety profile consistent with other NY-
ESO-1c259T-cell studies, with potential for anti-
tumor effects. We will report updated results.
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Background

Regulatory T cells (Tregs) play a pivotal role in
maintaining immunological tolerance, which can
inhibit antitumor immune responses and may
mediate resistance to immunomodulatory therapy
targeting CTLA-4 or PD-1/PD-L1. Mogamulizumab
(Moga) is a humanized IgG1 monoclonal antibody
(mAb) targeting anti-CC-chemokine receptor 4
(CCR4), which is highly expressed on Tregs. This
study sought to evaluate whether Treg depletion by
Moga enhanced antitumor response in combination
with PD L1 blockade by Durvalumab (Durva) or CTLA-
4 blockade by Tremelimumab (Treme).

Methods

Study 0761 012 was a multicenter, Phase 1, open-
label, dose escalation/cohort expansion study of
Moga in combination with either Durva (Treatment
A; TrA) or Treme (Treatment B; TrB) in adult subjects
with advanced solid tumors. Dose escalation (Part 1)
included 4 dose cohorts for each combination (Table
1). There was one tumor-specific expansion cohort
(Part 2). The primary objective was to assess safety
and tolerability; the secondary objectives were to
evaluate antitumor effect (RECIST 1.1 and irRECIST
1.1), pharmacokinetics, and immunogenicity.
Exploratory objectives were to examine
biomarkers/pharmacodynamics.

Results

A total of 64 subjects were enrolled and treated:
n=40 in Part 1 (Table 1) and n=24 in Part 2. Dose
escalations were completed in Part 1 without any
dose-limiting toxicities, and combinations of 1 mg/kg
Moga with 10 mg/kg of either Durva (TrA) or Treme
(TrB) were used to treat an expansion cohort with
pancreatic cancer in Part 2. Treatment-emergent
adverse event (TEAE) rates and most common TEAEs
for each treatment combination are shown in Table 2
(Table 2). Moga showed pharmacologic activity by
reduction in number of peripheral blood CCR4+
effector Tregs (eTregs) in both TrA and TrB; however,
other important effector cell types were also
depleted. One TrA subject with ASPS and one TrB
subject with prostate cancer had partial responses,
with a duration of response of 10.6 months and 3.7
months, respectively. Five (26.3%) TrA subjects and 7
(36.8%) TrB subjects showed disease stability. No
subjects with pancreatic cancer responded. There
was no correlation between the degree of peripheral
blood eTreg depletion and response.

Conclusions

Combining Moga with either Durva or Treme in solid
tumors was tolerable and effectively decreased
eTregs in peripheral blood. There was no efficacy
beyond what was anticipated from the individual
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monotherapy with Durva or Treme. Concomitant
depletion of non eTreg effector T cell populations
may have been responsible for the apparent lack of

therapeutic enhancement.

Trial Registration
NCT02301130

Ethics Approval

This study was approved by an Institutional Review
Board at each investigative site.

Table 1.

Treatment A

Treatment B

Cohort | Moga Durva | Subject Tumor Type (n)

Cohort | Moga Treme

Subject Tumor Type (n)

Breast (1)
Head & Neck (1)
Prostate (1)
Sarcoma (1)

14 | 03mgkg | 3mgke

1B | 03mgkg | 3mgkg

Colorectal (1)
Head & Neck (1)
NSCLC, non-squamous(1)

Pancreatic (1)

ak Imghks | 3mghg Sarcoma (2)

2B Imghkg | 3mgkg

Colorectal (1)
Head & Neck (1)

Other* (1)
Colorectal (1) Anal (1)
NSCLC, squamous (1) Head & Neck (1)
34 lmghkg | 10mg/ke Ovarian (2) B Imghkg | 10mghkg Ovarian (1)
Sarcoma (2) Prostate (1)
Other* (1) Renal Cell (3)
Colorectal (4)
NSCLC, non-squamous (1) Calarectal 2)
4 3mgkg | 10mg/kg 4B 3Imghkg | 10mgkg Pancreatic (2)
Renal Cell (1) Othert ()
Other® (1)
a: Other: Cholangiocarcinoma
b: Other: Adenocarcinoma of Unknown Primary
c: Other: Thymus
d: Other: Acinic Cell Carcinoma of the Parotid Gland
Mog; i NSCLC= T
Table 2.
Treatment A* Treatment B*
(Moga+Durva) (Moga+Treme)
al ose i 2 3
Any TEAE® (n, %) 21(100.0) 19 (100.0)
>Grade 3 (n, %) 15(71.4) 15(78.9
>Grade 3, related to either IMP (n, %) 6(28.6) 9(47.4)
SAE(n, %) 12(57.1) 9(47.4)
SAE, related to either INIP (n, %) 4(19.0) 5(26.3)
Most common TEAES (preferred term, %) ;::‘:::;S::;’) D;::::: ;‘:“:“)ﬁ)
Decr appetite § (42.1)

Part 2 (Dose expansion)

Most common TEAES (preferred term, %)

Fatigue 11 (91.7)
Abdominal pain 9 (75.0)
Constipation 6 (50.0)
Nausea 6 (50.0)

Pancreatic cancer a2 e
Any TEAE® (n, %) 12 (100.0) 12 (100.0)
=Grade 3 (n, %) 10(83.3) 10(83.3)
>Grade 3, related to either IMP (n, %) 4(33.3) 433.3)
SAE (n, %) 10(83.3) 8(66.7)
SAE, related to either INIP (n, %) 3(25.0) 1(8.3)

Edema peripheral 6 (50.0)
IRR 6 (50.0)
Hyponatremia 6 (50.0)

a: In Part 2, Treatment A = | mg/kg Moga + 10mg/kg Durva; Treatment B = Img/kg Moga + 10mg/kg Treme.

b: TEAEs during any cycle

Decr=decreased; IMP=investigational medicinal product;
Treme=tremelimumab

lated reaction; Mog

adverse event;
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Background

Tumor growth inhibition by anti-semaphorin 4D
(SEMAA4D, CD100) blocking antibody is enhanced
when combined with various immunotherapies in
preclinical animal models. Immune checkpoint
combinations with pepinemab (VX15/2503),
humanized anti-SEMA4D antibody, are currently
being evaluated in several clinical trials.

Methods

Mechanistic studies in syngeneic preclinical models
investigated the effects of SEMA4D blockade on anti-
tumor activity and immune responses, both as a
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single agent and in combination with various
immunotherapy agents. Pepinemab (VX15/2503) is
currently being evaluated as single agent or in
combination with other immunotherapies in four
clinical trials: (i) a Phase 1b/2a combination trial of
pepinemab with avelumab in NSCLC (CLASSICAL-
Lung) (NCT03268057); (ii) a phase 1 combination trial
of pepinemab with nivolumab or ipilimumab in
melanoma patients who have progressed on any
anti-PD-1/PD-L1 (NCT03425461); (iii) a neoadjuvant
integrated biomarker trial in patients with metastatic
colorectal and pancreatic cancers treated with
pepinemab in combination with nivolumab or
ipilimumab (NCT03373188); and (iv) a Phase 1/2 trial
of pepinemab in children with solid tumors and
children and young adults with osteosarcoma
(NCT03320330).

Results

SEMAA4D exerts multi-faceted effects within the
tumor microenvironment by creating a barrier at the
tumor-stroma margin to restrict immune cell
infiltration and promoting immunosuppressive
activity of myeloid-derived cells. Blocking antibody to
SEMAA4D directly enhanced M1/M2 ratio, and both
reduced expression of chemokines that recruit MDSC
and the ability of MDSC to suppress T cell
proliferation. In preclinical models, anti-SEMA4D
reduced the function of MDSC and Treg in the TME
while simultaneously restoring the ability of dendritic
cells and cytotoxic T cells to migrate into the tumor.
Importantly, anti-SEMA4D MAb enhanced the
activity of co-administered immunotherapies in
murine colon, head and neck (HNSCC), and
melanoma models. For example, anti-SEMA4D plus
anti-CTLA-4 resulted in 90% complete tumor
rejection (CR) (p<0.0001) in an HNSCC model
representative of a T cell inflamed tumor with high
MDSC suppression. Combination treatment of anti-
SEMAA4D with anti-LAG3 or epigenetic modulator
entinostat resulted in maximal tumor growth delay
and 90% CR (p<0.0001).Pepinemab treatment was
well tolerated in a Phase | trial in patients with

advanced refractory solid tumors (NCT01313065).
Several clinical trials are in progress to evaluate
safety, tolerability, efficacy, and biological endpoints,
including immunophenotyping tumors and blood of
patients treated with pepinemab in combination
with immunomodulatory agents. Trial design will be
reported and enrollment updates are expected.

Conclusions

SEMAAD blockade represents a novel approach to
promote functional immune infiltration into the
tumor, reduce mesenchymal suppression, and
enhance immunotherapy effects.

Trial Registration
NCT01313065NCT03268057NCT03425461NCT03373
188NCT03320330
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Background

T cell immunoglobulin and mucin-domain containing-
3 (TIM-3) is a key immune checkpoint that is often
co-expressed with programmed cell death protein
(PD)-1 and has been implicated in both effector T cell
exhaustion and immune suppression mediated by
myeloid cells. TIM-3 expression on effector T cells is
associated with reduced cell proliferation and
cytokine production, while TIM-3 expression on
dendritic and other myeloid cells may prevent
recruitment and priming of T cells. In combination
with PD-1 blockade, anti-TIM-3 enhances the
activation of T cells and demonstrates greater anti-
tumor activity than anti-PD-1 alone in preclinical
models. TSR-022 is a potent, selective anti-TIM-3
antibody that is being developed in combination
with PD-1 blockade.

Methods

TSR-022 is being investigated in a multicenter, open-
label, first-in-human phase 1 trial that is enrolling
patients with advanced or metastatic solid tumors
that have progressed after treatment with available
therapies or are intolerant to standard treatment.
Part 1 includes an evaluation of dose escalation of
TSR-022 as a monotherapy, as well as in combination

with TSR-042, an anti-PD-1 antibody, also including
immuno-oncology—naive patients. Patients received
IV infusion of TSR-022 alone and in combination with
500 mg TSR-042 in escalating, fixed doses. The
primary objective of the part 1 study is to determine
the recommended phase 2 dose (RP2D) and to
evaluate the safety and tolerability of TSR-022 alone
and in combination with TSR-042. In part 2 of the
study, the anti-tumor activity of TSR-022 in
combination with TSR-042 is being evaluated in
colorectal cancer, post-PD-1 melanoma, and post-
PD-1 NSCLC.

Results

As of July 13, 2018, 98 patients have been treated in
part 1 of this study and 104 patients have been
treated in part 2. Of these 202 patients, 52 received
TSR-022 monotherapy and 150 received combination
therapy of TSR-022 and TSR-042. The incidence of
grade >3 treatment-related adverse events in
combination therapy was 6.7%. The grade >3
treatment-related adverse events in combination
therapy that occurred in >1.0% of patients were
lipase increased (1.3%) and rash maculo-papular
(1.3%). There was a dose-proportional increase in
TSR-022 exposure and receptor occupancy. Objective
responses were observed in patients with post-PD1
NSCLC and melanoma and will be reported.

Conclusions

TSR-022 in combination with TSR-042 was well
tolerated across multiple dose levels. Adverse events
were manageable and consistent with the safety
profiles of other checkpoint inhibitors. Clinical
activity was observed and warrants continued
exploration.

Trial Registration
clinicaltrials.gov NCT02817633
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Background

While immunotherapy including checkpoint
inhibitors and targeted therapies (BRAF/MEK
inhibitors) are options for patients with metastatic
melanoma, many patients experience progression.
Patients progressed after multiple checkpoints and
targeted therapy have few treatment options
available including high dose IL-2 and chemotherapy.
Response rates of 4-10% have been reported for
investigator’s choice of these second line agents.
Adoptive cell therapy utilizing tumor-infiltrating
lymphocytes (TIL) is recognized as an effective
treatment in metastatic melanoma and other solid
tumors eliciting durable and complete responses,
even in heavily pretreated patients. We provide
preliminary data of responses to lifileucel and
biomarkers in heavily pre-treated metastatic
melanoma patients who have progressed on multiple
checkpoint and BRAF/MEK inhibitors (if BRAF
mutated).

Methods

C-144-01 is a global phase 2, open-label, multicenter
study of efficacy and safety of lifileucel in patients
with unresectable metastatic melanoma. We report
on Cohort 2 (N=30) patients who received
cryopreserved Gen-2 lifileucel. Tumors resected at
local institutions are processed at central GMP
facilities in a 22-day manufacturing process. The final
product is cryopreserved and shipped to the sites.
Patients receive one week of a preconditioning
cyclophosphamide/fludarabine lymphodepletion
regimen, followed by a single infusion of lifileucel,
plus up to 6 doses of intravenous IL-2 (600,000

IU/kg).

Results

Cohort 2 patients with Stage 1lIC/IV melanoma had a
median of 3 prior therapies. Concomitantly
administered treatment regimens containing
multiple agents, such as ipilimumab and nivolumab,
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were counted as a single prior therapy if the
therapies were started within 28 days of one
another. Preliminary results from this ongoing study
indicate efficacy in Cohort 2: ORR=33% (1 uCR, 7 PR,
2 uPR), DCR=73%, median follow-up of all patients
was 6 months, median time to initial response 1.7
months (range: 1.6-4.4 months), and median DOR
not reached (8 ongoing responders out of 10).
Median follow up for all responders was 4.5 months.
A longer follow-up led to improving responses in
some patients including the CR. Per investigator
assessment, none of the grade 5 SAEs were due to
any of the study treatment. Lifileucel-induced in vitro
IFNy response to antibody coated beads (anti-CD3,
anti-CD28, anti-CD137) and serum IP-10 levels post-
treatment, correlates with reduction in tumor (Sum
of Diameter of target lesions) and/or overall
response.

Conclusions

These preliminary data support TIL therapy with
lifileucel as an efficacious and well tolerated
therapeutic option for patient with metastatic
melanoma who have failed multiple lines of prior
therapies including checkpoint inhibitors and
BRAF/MEK inhibitors (if BRAF mutated).

Trial Registration
NCT02360579

Ethics Approval

The C-144-01 study was approved by Western
Institutional Review Board, approval number

20160198, along with additional approvals by
applicable institutional Ethics/Review Boards.

Table 1.

Table 1. Demographics & Baseline Characteristics

Cohort 2 Cohort 2
(N=30) (N=30)

Gender, n (%) Baseline LDH {U/L)

Male 17 (57) Median 254
Female 13 (43)

Age Target Lesion Sum of Diameter (mm)
Median 57 Median 110.0
Min, Max 35,70 Min, Max 17,343

Baseline ECOG score, n (%) # Baseline Target and Non-Target Lesicns
0 15 (50} Median 5
1 15 (50} Min, Max 2,14

Prior therapies, n (3) BRAF Status, n (%)

IL-2 3(10) Mutated (VE0OE or VE00K) 10(33)
Anti-CTLA-411 27 (50 \sﬂfﬂ:\;—fe or other 20(67)
Anti-PD-112 30

(100}
BRAF and MEK Inhibitor I 8(27)

Wipilimumab (MDX-010)

1 pembrelizumab, Nivolumab, Durvalumab

Bl Two of 10 patients with VE00E or V600K BRAF mutations had not received prior BRAF
inhibitor due to enrallment under an earlier version of the protocel.
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Background

Selicrelumab is a fully human agonistic 1gG2
monoclonal antibody to CD40, a member of the TNF-
receptor superfamily expressed on antigen-
presenting cells (APC), endothelial cells and some
tumors. CD40 activation of APCs primes T-cells,
whereas vanucizumab (anti-Ang2/VEGF bispecific
antibody) - on top of anti-angiogenic effects -
supports dendritic cell maturation and inhibits
immunosuppressive signals. Here, results of the dose
escalation study exploring selicrelumab administered
subcutaneously (SC) combined with vanucizumab are
reported.

Methods

This is an ongoing study in patients with
advanced/metastatic solid tumors not amenable to
standard therapy (NCT02665416) assessing safety,
PK/PD, and antitumor activity by RECIST and irRC.

Results

Fifty-nine patients received intravenous
vanucizumab (2g; g2w) followed by SC selicrelumab
at doses of 1-72mg (g4w). Selicrelumab serum
concentrations were below the limit of
quantification at doses up to 14mg, higher doses
resulted in measurable serum levels with high inter-
subject variability. Dose-limiting toxicity occurred in
1 patient with injection site reaction (ISR) G3 in the
8mg selicrelumab cohort. The most frequent
observed AEs were ISR (91.5%), pyrexia (54.2%),
nausea (49.2%), fatigue and hypertension (44.1%
each). No selicrelumab-related G4/G5 AEs were
reported, vanucizumab toxicity was as expected for a
VEGF inhibitor. Best response by RECIST in 54
efficacy-evaluable pts was 1 CR (bladder cancer,
32mg) + 1 PR (ovarian cancer, 24mg), and 29 SD. SD
patients included 3 patients with unconfirmed PR
and one irPR (medullary thyroid, head and neck,
esophageal, and adrenal carcinoma; at 8, 12, 14, and
14mg, respectively); two of these patients stopped
treatment due to wound healing complications after

rapid and deep response.Exploratory biomarker
analyses showed selicrelumab-dose dependent
peripheral B-cell depletion, despite non-detectable
serum drug levels, followed by
activation/proliferation of CD8+ T-cells - most
prominently observed at intermediate selicrelumab
dose levels (8-32mg). Furthermore, tumor infiltration
of activated/proliferating T-cells was generally higher
at these dose levels. Baseline B-cell counts in tumor
and periphery and post-treatment activation of
peripheral CD8 T-cells potentially correlate with
radiological response. Immune modulation is being
investigated by comparing gene expression patterns
of paired baseline vs. on-treatment biopsies.

Conclusions

Selicrelumab with vanucizumab shows
pharmacodynamic and early clinical activity in
patients with advanced solid tumors. Correlative
analyses suggest a contribution of CD40 agonism to
the activity observed. The combination
demonstrated a favorable safety profile with no
evidence for systemic autoimmune toxicity. The
results triggered an expansion of the study in
selected tumor indications with 16mg SC
selicrelumab in combination with bevacizumab (anti-
VEGF).

Trial Registration
This study is registered on Clinicaltrials.gov:
NCT02665416

Ethics Approval

This study was approved by the local IRB at each
participating study site.
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Background

Enoblituzumab is a humanized IgG1 monoclonal
antibody (mADb) targeting B7-H3 (CD276), and is Fc-
engineered to enhance antibody-dependent cell-
mediated cytotoxicity. B7-H3 has limited normal
tissue expression, but is highly expressed in many
solid tumors. Enoblituzumab monotherapy has
demonstrated antitumor activity with an acceptable
safety profile in patients with selected solid tumors.
Pembrolizumab is a humanized IgG4 anti-PD-1 mAb
and is FDA approved for multiple solid tumor
indications. It is hypothesized that coordinate
engagement of both innate and adaptive immunity
via targeting of two distinct members of the B7
family, the combination of enoblituzumab and
pembrolizumab could achieve greater antitumor
activity than either agent alone.

Methods

Patients with advanced/metastatic solid tumors
received weekly (qwk) enoblituzumab (doses 3-15
mg/kg) IV plus pembrolizumab (2 mg/kg) IV g3wk
during dose-escalation (3+3 design) and cohort
expansion. Tumor B7-H3 and PD-L1 expression was
assessed via immunohistochemical staining. Disease
assessment occurred after 6 weeks, then q9wks
thereafter. Expansion cohorts included non-small cell
lung cancer (NSCLC; checkpoint-inhibitor naive, PD-
L1 <1%) NSCLC (post checkpoint inhibitor), squamous
cell carcinoma of the head and neck (SCCHN;
checkpoint-inhibitor naive), SCCHN (post checkpoint
inhibitor), and urothelial cancer (UC) and melanoma
(post checkpoint inhibitor).

Results

The combination demonstrated acceptable
tolerability in the overall population (N=133) at
doses up to enoblituzumab 15
mg/kg+pembrolizumab (2 mg/kg), with no maximum
tolerated dose defined. Treatment-related adverse
events (AE, all grade) occurred in 85% of patients,
with > G3 in 28%. Infusion-related reaction and
elevated lipase (6%) were the only Grade > 3 AE
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occurring in > 5% of patients. One treatment-related
death due to pneumonitis occurred. The
combination demonstrated antitumor activity in
checkpoint-inhibitor-naive SCCHN patients, and also
induced objective responses in patients anticipated
to have relatively limited responsiveness to
pembrolizumab alone, including NSCLC with tumor
PD-L1 expression <1% and checkpoint-inhibitor-
refractory UC. To date, objective responses have
occurred in 6/18 (33%) response-evaluable,
checkpoint-inhibitor-naive SCCHN patients, including
4 confirmed and 2 unconfirmed PR, with stable
disease in 6/18 (33%). Among SCCHN patients with
tumor B7-H3 expression >10%, the ORR was 40%
(6/15). In NSCLC patients (PD-1 naive, tumor PD-L1
<1%), there were 4/14 PR (29%; 2 confirmed and 2
unconfirmed) and 9 SD (64%). Two of 16 post-
checkpoint-inhibitor UC patients achieved a PR and
unconfirmed CR, respectively.

Conclusions

The enoblituzumab+pembrolizumab combination
demonstrated an acceptable safety profile,
encouraging initial antitumor activity in patients with
checkpoint-inhibitor-naive SCCHN, and the ability to
induce partial responses in patients anticipated to be
poorly responsive to checkpoint inhibitor alone.

Trial Registration
NCT02475213

Ethics Approval
This study was approved by each Institution's Ethics
Board prior to enrolling.
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Background

TIGIT (T-cell immunoreceptor with Ig and ITIM
domains) is an immunomodulatory receptor that
functions as a negative immune checkpoint. In
preclinical models, TIGIT inhibition provided
antitumor activity, with an enhanced effect observed
when combined with PD-1 inhibition. MK-7684 is a
humanized, IgG1 monoclonal antibody that binds
TIGIT and blocks its interaction with its ligands,
CD112 and CD155. We present the dose escalation
portion of the first-in-human study of MK-7684 as
monotherapy or in combination with pembrolizumab
in patients with advanced solid tumors.

Methods

Eligible patients had metastatic solid tumors that
failed standard treatment options, measurable
disease, and ECOG PS 0-1. MK-7684 dose escalation
followed a modified toxicity probability interval
design with a target DLT rate during cycle 1 of ~30%
and planned doses of 2.1, 7, 21, 70, and 210 mg
Q3W. MK-7684 and pembrolizumab 200 mg Q3W
were given for up to 35 cycles or until progression,
intolerable toxicity, or investigator or patient
decision. Study objectives included evaluation of
safety and tolerability, pharmacokinetics, and ORR of
MK-7684 monotherapy and MK-7684 plus
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pembrolizumab. Data cutoff date was July 16, 2018.

Results

68 patients were treated. 34 patients received MK-
7684 monotherapy; median age was 67.5 years, 50%
had ECOG PS 1, and 50% received 23 prior therapies.
34 patients received MK-7684 plus pembrolizumab;
median age was 62.5 years, 65% had ECOG PS 1, and
32% received 23 prior therapies. There were no
DLTs. Across doses, treatment-related AEs occurred
in 53% of monotherapy and 65% of combination
therapy recipients (grade 3-5, 6% and 12%); no
patients died or discontinued because of treatment-
related AEs. The most common treatment-related
AEs were fatigue (15%) and pruritus (12%) with MK-
7684 and pruritus (21%) and rash (15%) with MK-
7684 plus pembrolizumab. The pharmacokinetic
profile of MK-7684 was generally consistent with
that of a typical monoclonal antibody. Exposure
increased with increasing dose, and target-mediated
drug disposition was observed at low doses.
Clearance was linear at a dose of 210 mg. ORR
(confirmed+unconfirmed) was 3% with monotherapy
(1 PR) and 18% with combination therapy (6 PRs).
DCR was 35% and 48%, respectively.

Conclusions

MK-7684 as monotherapy and in combination with
pembrolizumab 200 mg Q3W was well tolerated and
had an acceptable safety profile across all dose
levels. Promising antitumor activity was seen,
especially for the combination. Dose confirmation
and evaluation of efficacy for monotherapy and
combination therapy is ongoing in patients with
select advanced solid tumors.

Trial Registration
ClinicalTrials.gov, NCT02964013
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Nehal Lakhani, MD, PhD?, Todd Bauer, MD?, Anson
Abraham, PhD3, John Luddy?, John Palcza, MS3, Elliot
Chartash?, Jane Healy®, Amita Patnaik, MD FRCP(C)*
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Background

LAG-3 (lymphocyte-activation gene 3) is an
immunomodulatory receptor that regulates Tes
homeostasis, proliferation, and activation and has a
role in Treg SUppressor activity. Preclinical data
suggest that dual LAG-3/PD-1 blockade
synergistically reverses tumor-specific anergy. MK-
4280 is a humanized, IgG4, anti—LAG-3 monoclonal
antibody that prevents LAG-3 from binding its ligand,
MHC class Il. We present dose-escalation results of
the first-in-human study of MK-4280 as
monotherapy or in combination with pembrolizumab
for patients with advanced solid tumors.

Methods

Adults with metastatic solid tumors without clinically
effective treatment, measurable disease, and ECOG
PS of 0-1 were eligible. Dose finding for
monotherapy and combination therapy followed
standard 3+3 dose escalation using MK-4280 doses
of 7,21, 70, 210, and 700 mg Q3W. MK-4280 and
pembrolizumab 200 mg Q3W were given for 35
cycles or until progression, intolerable toxicity, or
investigator or patient decision. The DLT evaluation
period was cycle 1. Study objectives included
evaluation of the safety and tolerability,
pharmacokinetics, and ORR of MK-4280 as
monotherapy and in combination with
pembrolizumab. Data cutoff date was June 12, 2018.
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Results

18 patients received MK-4280 monotherapy; 15
received MK-4280 plus pembrolizumab. Median age
was 60 years, 67% of patients had ECOG PS 1, and
48% received >3 prior therapies. MK-4280 dose
escalation proceeded to 700 mg Q3W for both
monotherapy and combination therapy without any
DLTs. Treatment-related AEs occurred in 61% of
monotherapy and 53% of combination therapy
recipients, were of grade 3-4 toxicity in 6% and 20%,
and led to discontinuation in 6% and 13%. There
were no treatment-related deaths. Treatment-
related AEs that occurred in 210% of patients were
fatigue (17%) and arthralgia (11%) for monotherapy
and fatigue (20%), pyrexia (20%), pruritus (13%), and
maculopapular rash (13%) for combination therapy.
The pharmacokinetic profile was generally consistent
with that of a typical monoclonal antibody. Exposure
increased with increasing dose, and target-mediated
drug disposition was observed at low doses.
Clearance was linear at doses of 210 mg and 700 mg.
ORR was 6% with monotherapy (1 PR) and 27% with
combination therapy (4 PRs). DCR was 17% and 40%,
respectively.

Conclusions

MK-4280 as monotherapy and in combination with
pembrolizumab was well tolerated and had an
acceptable safety profile across all dose levels.
Promising antitumor activity was observed,
particularly for the combination. Dose confirmation
and efficacy evaluation of MK-4280 alone and in
combination with pembrolizumab is ongoing in
patients with select advanced solid tumors.

Trial Registration
ClinicalTrials.gov, NCT02720068
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Background

Mocetinostat, a spectrum-selective class | histone
deacetylase inhibitor, has multiple potential
immunomodulatory features including: 1) induction
of major histocompatibility complex Class | and Class
Il expression on tumor cells, 2) enhanced function of
T effector cells, and 3) decreased function of
immunosuppressive cell subsets including regulatory
T cells and myeloid derived suppressor cells. Given
these pleiotropic immune activating effects, the
combination of mocetinostat and the PD-L1 blocking
mADb durvalumab was tested in NSCLC patients (pts)
with checkpoint inhibitor therapy (CIT) naive disease
or had progressive disease after prior CIT.

Methods
Phase 1 of the study explored increased doses of
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mocetinostat administered orally (50, 70, 90 mg
three times weekly [TIW]) in combination with
durvalumab in patients with advanced solid tumors.
Review of all safety data supported a recommended
Phase 2 dose of mocetinostat 70 mg TIW with
durvalumab (1500 mg) on day 1 of each 28-day cycle.
Study objectives include evaluation of safety and
Objective Response Rate (ORR) in pts with NSCLC
who have progression of disease (PD) on or after
treatment with CIT or are CIT-naive. Two CIT-
experienced cohorts enrolled pts based on prior
clinical benefit with CIT. A predictive probability
design is used for assessment of enrollment
expansion in each stage and treatment arm. Other
objectives include tolerability, pharmacokinetics,
incidence of anti-drug antibody and multiple
correlative endpoints.

Results

Enrollment in Stage 1 of the CIT-experienced cohorts
is complete. As of July 13, 2018, 37 patients who
received at least one dose of mocetinostat and
durvalumab were included in the assessment. Six of
the 37 pts achieved a partial response (PR); 4
confirmed and 2 unconfirmed (2/24 PRs in Prior
Clinical Benefit; 2 PRs/2 uPRs/13 in No Prior Clinical
Benefit cohorts, respectively) and 11/37 pts
demonstrated tumor reductions; with the longest
treatment duration exceeding 55 weeks. Treatment-
related AEs (>10% of pts; all grades) included fatigue,
nausea, diarrhea, vomiting, and decreased appetite.
Updated safety, efficacy, and correlative science data
will be presented.

Conclusions

Based on preliminary data, the combination of
mocetinostat with durvalumab is clinically active
with manageable side effects.

Trial Registration
Clinical Trial Information: NCT02805660

Ethics Approval

This study was approved by Copernicus Group
Independent Review Board; approval tracking PRAO-
16-027.

Co-Stimulatory Ligand-Receptor Interactions
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eftilagimod alpha) together with pembrolizumab in
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Background

Eftilagimod alpha (efti, IMP321) is a recombinant
soluble LAG-3Ig fusion protein binding to MHC class
I molecules and mediating antigen presenting cell
(APC) activation followed by CD8 T-cell activation.
The activation of the dendritic cell network and the
subsequent T cell recruitment at the tumor site with
efti may lead to stronger anti-tumor CD8 T cell
responses. Combining an APC activator with an
immune checkpoint inhibitor (ICl) aims to increase
efficacy without additional toxicity. We report results
of the dose escalation phase | trial (NCT02676869)
with pembrolizumab and efti.

Methods
Melanoma patients (pts) on pembrolizumab (2
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mg/kg i.v.) with progressive disease (irPD), stable
disease (irSD) or partial response (irPR) acc. to irRC
after 3 cycles received 1 mg (n=6), 6 mg (n=6) or 30
mg (n=6) s.c. injections of efti (every 2 weeks for 6
months) from cycle 5 of pembrolizumab onwards.
Blood samples for pharmacokinetics were taken in
cycle1and 9.

Results

In stage A, 18 pts (17 male, 1 female) with a median
age of 66 years (range 48-85) were enrolled. Fifteen
(83 %) and seven (39 %) pts had stage M1C disease
and elevated LDH, respectively. Seven (39 %) pts
completed the 6 months combination treatment.
Reasons for discontinuation were irPD (n=7),
withdrew consent (n=2) and death not related to efti
or pembrolizumab (n2). The most common AEs were
fatigue (44 %), rash (33 %), diarrhea (28 %), nausea
(28 %), arthralgia (17 %) and colitis (11 %). One
patient experienced intracranial hemorrhage grade
4, another had a colitis grade 4, both not related to
efti or pembrolizumab. No dose limiting toxicity has
been reported. A dose-dependent increase in serum
IMP321 concentration was observed among the
three dose levels with a Cmax between 4 and 24
hours. Objective response rate (ORR) taking cycle 5
of pembrolizumab as baseline was 33 % (irRC)
including one patient with a confirmed irCR after
progress on pembrolizumab monotherapy.

Conclusions

Up to 30 mg efti in combination with pembrolizumab
are safe and well tolerated. The responses observed
in pts with suboptimal response to pembrolizumab
alone may point to a benefit of adding a systemic
APC activator to an ICI.

Trial Registration
NCT02676869

Ethics Approval
The study was approved by Metro South Human
Research Ethics Commitee (Australia), approval

number HREC/15/QPAH/726

Consent

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

Co-Stimulatory Ligand-Receptor Interactions
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Immuno-oncology tHERApy with HERA-GITRL: the
novel hexavalent human GITR agonist activates T
cells and promotes anti-tumor efficacy independent
of Fc-functionality

Viola Marschall, PhD?, Meinolf Thiemann?, Jaromir
Sykora?, David Richards?, Christian Merz?, Julian
Sefrin?, Karl Heinonen?, Matthias Schroeder?,
Mauricio Redondo Miiller?, Christian Gieffers?, Oliver
Hill*
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Background

Glucocorticoid-induced TNFR-related protein (GITR,
TNFRSF18, CD357), a TNFR-SF member, is a co-
stimulatory receptor that increases anti-tumor T cell
activation. Based on Apogenix hexavalent TNFR-SF
agonist (HERA-ligand) technology platform, we
created a fully human hexavalent GITR ligand fusion
protein HERA-GITRL intended for T cell costimulatory
approaches in immuno-oncology (10) therapy. HERA-
GITRL is composed of a trivalent single chain GITRL-
receptor-binding-domain fused to an IgG1-derived
silenced Fc-domain serving as dimerization scaffold.
Because of the unique design of the silenced Fc-
domain, HERA-GITRL allows the study of pure GITR
agonism in contrast to Fc-mediated mixed modes of
action. Here we report in vitro and in vivo properties
of our novel HERA-GITRL construct.
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Methods
N/A

Results

For functional characterization of HERA-GITRL in
vitro, human immune cells isolated from healthy-
donor blood were profiled by multicolor flow
cytometry and real-time cell analysis (RTCA).
Stimulation of unfractionated human T cells or
purified naive CD4+ T cells by anti-CD3 antibody was
further augmented by HERA-GITRL. This effect was
accompanied by increased proliferation,
differentiation and elevated levels of TNF-a and IFN-
v. HERA-GITRL enables effector T cells proliferation
even in the presence of regulatory T cells. In line with
these findings, the murine surrogate mmHERA-GITRL
enhanced antigen-specific clonal expansion of both
CD4+ (OT-Il) and CD8+ (OT-1) T cells in vivo. In a
direct in vitro comparison of the anti-human GITR
monoclonal antibody TRX518, trivalent GITRL and
hexavalent HERA-GITRL, only HERA-GITRL showed
full biological activity independent of additional
crosslinking. Importantly, HERA-GITRL mediated T
cell activation increases tumor cell killing by PBMCs
in vitro. Finally, mmHERA-GITRL showed in vivo anti-
tumor efficacy as a single agent in a subcutaneous
syngeneic colon cancer model (CT26wt) in mice. The
anti-tumor efficacy of mmHERA-GITRL is
independent of its Fc functionality, as both
mmHERA-GITRL with a functional Fc- and a silenced
Fc-domain show a similar tumor growth inhibition.

Conclusions

By clustering six receptor chains in a spatially well-
defined manner, HERA-GITRL induces potent
agonistic activity without being dependent on
additional Fc-mediated crosslinking. The anti-tumor
effect of most anti-GITR antibodies is dependent on
a fully functional Fc domain and is generally
mediated by depletion of Treg cells. HERA-GITRL
boosts antigen-specific T cell activity and shows anti-
tumor efficacy while having no effect on Treg cells.
This property of HERA-GITRL makes it particularly

suitable for I0-combination therapies. The HERA-
ligand concept has also been successfully translated
to HERA-TRAIL (now in Phase ), -CD40L, -CD27L, -
0OX40L, -HVEML (LIGHT) and -4-1BBL.

Ethics Approval

The experimental protocols were registered by the
regional board in Freiburg, Germany
(Regierungsprasidium Freiburg; approval number G-
15/41).

Cytokines in Anti-Tumor Immunity
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Background

The TGF-B pathway is commonly deregulated in
cancer and plays a pivotal role during tumorigenesis.
LY3200882 is a potent and selective TGF-BR1
inhibitor. This multicenter, nonrandomized, open-
label, phase 1 study assessed the recommended
phase 2 dose of LY3200882 as monotherapy in
patients (pts) with advanced cancers.
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Methods

Pts with refractory advanced or metastatic cancer
were enrolled and were required to have adequate
organ function as well as ECOG PS of O or 1.
LY3200882 tosylate salt (hereafter referred to as
LY3200882) was given twice daily (BID) to 5 cohorts
of patients at increasing doses (5 to 50 mg) for 14
days in a 28 day cycle. Primary endpoint was to
determine the recommended phase 2 dose.
Secondary objectives included safety, response
assessments and pharmacokinetics (PK), and
exploratory objectives included pharmacodynamics
(PD).

Results

30 pts were enrolled (19 males and 11 females);
median age 47 y (32 y-74 y). The most common
tumors were gliomas (15 pts), of which 5 were
glioblastomas. No dose-limiting toxicities were
observed. All treatment-related adverse events were
grade 1-2 and most frequently included
thrombocytopenia (2 pts), acneiform dermatitis (2
pts), rash (2 pts, 1 maculopapular rash and 1 pustular
rash), and constipation (2 pts). LY3200882 was
absorbed within 2-6 hours (h) and mostly eliminated
within 48 h, with mean terminal half-life of 7.4 h
(n=15). Drug exposures increased with escalating
dose levels, up to the highest planned dose in the
targeted therapeutic range of 50 mg BID. Plasma
exposures in patients receiving the 50 mg BID dose
were comparable to efficacious exposure levels from
preclinical in vivo target inhibition and efficacy
models. Detailed PD biomarker studies are ongoing
and data will be presented. A confirmed partial
response per Response Assessment in Neuro-
Oncology (RANO) of a 85.7% decrease was observed
in a glioblastoma pt (EGFR mutation; CDK4
amplification; IDH1/2 wildtype, MGMT methylated)
treated at 50 mg BID who remains on LY3200882 for
>11 months. Tumor regression (1.3%-85.7%) was
observed in 5 pts (oligoastrocytoma, glioma (2 pts),
astrocytoma, and glioblastoma).

Conclusions

LY3200882 monotherapy is well tolerated, with
appropriate plasma exposures observed at the
recommended phase 2 dose of 50 mg BID for 14 days
in 28 days cycle, where preliminary antitumor
activity has been observed. An expansion cohort
assessing pts with glioblastoma is ongoing.

Trial Registration
ClinicalTrials.gov NCT02937272

Ethics Approval

MD Anderson Office of Protocol Review IRB
approved protocol number 2016-0582 on 25-Aug-
2016; Gustave Roussy Ethic Committee (Comite de
Protection des Personnes lle de France 3) approved
protocol on 15-Nov-2016 and Competent Authority
(Agence Nationale de Sécurité des Médicaments et
de produits de santé) approved on 27-Oct-2016;
VHIO Ethic Committee (Dictamen del comite de etica
de la investigacion con medicamentos) approved
protocol on 30-Sep-2016 and Competent Authority
(Agencia espanola de medicamentos y productos
sanitarios) approved on 03-Nov-2016; the EudraCT
number 2016-001431-12 is the file number indicated
on all approvals in Europe

031

Tumor infiltrating lymphocyte recruitment after
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Background

The IRX-2 biologic is a subcutaneous injectable
immunotherapy composed of IL-2 and other
cytokines derived from stimulated lymphocytes.
Preclinically, IRX-2 activates T cells, natural killer
cells, macrophages, and dendritic cells, and
facilitates maturation of antigen-presenting cells.
Tumor-infiltrating lymphocytes (TILs) are associated
with improved outcomes in many cancers including
early stage breast cancer (ESBC) and head and neck
squamous cell carcinoma (HNSCC). We report data
on TIL recruitment associated with pre-operative
IRX-2 in a phase Ib ESBC trial, as well as phase Ib and
Ila HNSCC trials.

Methods

The pre-operative IRX-2 regimen was evaluated in
both ESBC and HNSCC trials for safety and
immunologic activity. Beginning 21 days prior to
surgical resection, enrolled operable patients with
resectable stage I-1ll ESBC and stage II-IVA HNSCC
received single low-dose intravenous
cyclophosphamide (300 mg/m?2 to facilitate T-
regulatory cell depletion), followed by 10 days of
subcutaneous injections of IRX-2 (ImL x 2 directed to
regional peri-lymphatic space, 2301U/day). Endpoints
included feasibility, TIL count by H&E blinded
pathology review, and Nanostring RNA analysis.

Results

In the ESBC trial, 16 patients were enrolled and
evaluable for TIL analysis, whereas in the HNSCC
trials, 40 patients were enrolled and 36 patients
were evaluable. In both trials, all patients received all
planned injections with no treatment-related
surgical delays, complications, or treatment-related
grade llI/IV toxicities. Treatment was associated with
a mean 116% relative increase in TILs (range —36% to
+1275%, p = 0.02) in ESBC and a mean 58% relative
increase (range -57 to +452%, p=0.01) in HNSCC.

Treatment was associated with PD-L1 RNA
upregulation in EBSC (mean +54%, range —53% to
+185%, p=0.04) but not HNSCC, however PD-L1 was
higher at baseline in HNSCC. RNA analysis in ESBC
and HNSCC revealed concordant increases in
cytokine gene expression, including CXCL2, CCL4,
CXCR4, and CXCL12 as well as transcription factors
including FOS, ETS1, NFKB, EGR1/2 which are
involved in T-cell activation and differentiation. We
also note augmentation of ITGAE (CD103), a known
marker of memory T-cell activation in EBSC cohort.

Conclusions

Pre-operative IRX-2 was well tolerated in both tumor
histologies with statistically significant TIL
recruitment, as well as PD-L1 upregulation in ESBC.
Future directions include an evaluation of
neoadjuvant IRX-2 with anti-PD-1 and chemotherapy
in stage II-1ll TNBC, ongoing follow-up of a
randomized phase llb trial of neoadjuvant IRX-2
regimen in HNSCC to ascertain clinical benefit, and
trials evaluating efficacy of IRX-2/anti-PD-1
combination across various metastatic cancers.

Trial Registration
NCT02950259, NCT02609386

Ethics Approval

The study was approved by Providence Portland
Medical Canter Institutution’s Ethics Board, approval
number 132055.
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Decoy-resistant Interleukin-18 overcomes the
soluble immune checkpoint IL-18BP to unlock a
potent immunotherapeutic cytokine pathway
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Background

Decades before the advent of immune checkpoint
inhibitors (ICls), recombinant cytokine treatments
established that the immunotherapeutic paradigm
could produce durable cures in patients [1]. From
single-cell RNA expression analyses of tumor-
infiltrating lymphocytes [2], we found that the
Interleukin-18 (IL-18) pathway is markedly
upregulated in activated and dysfunctional CD8 T
cells, suggesting its promise as an
immunotherapeutic target. However, previous
clinical trials found that IL-18 therapy is ineffective,
with no objective responses seen in a phase 2 study
of melanoma patients [3]. We hypothesized that the
endogenous, high-affinity IL-18 antagonist, IL-18BP,
acts as a “soluble immune checkpoint” that restricts
the effectiveness of IL-18 immunotherapy.

Methods

Using directed evolution with yeast-surface display,
we engineered a “decoy-resistant” IL-18 variant (DR-
18) that is impervious to neutralization by IL-18BP.
We measured DR-18's affinity for IL-18Ralpha and IL-
18BP using surface plasmon resonance and its ability
to stimulate downstream signaling with phosphoflow
cytometry of primary lymphocytes. We assessed the
anti-tumor efficacy of DR-18 in immunogenic tumor
models and ICl-resistant models that lack MHC class |
surface expression.

Results

DR-18 exhibits >10,000,000-fold reduced affinity for
IL-18BP compared to WT IL-18 and can potently elicit
MyD88 signaling despite concentrations of IL-18BP
sufficient to completely neutralize WT IL-18. Similar
to the clinical experience with recombinant IL-18,
WT IL-18 produced no benefit alone or in
combination with anti-PD-1 in the treatment of
MC38, YUMMERL1.7, or CT26 tumors. By contrast,
DR-18 produced monotherapeutic efficacy

commensurate with anti-PD-1, with robust
synergism observed in combination therapy.
Antibody-mediated depletion studies indicated that
DR-18’s efficacy in these models required CD8 and
CDA4 cells, but not NK cells. To determine whether
DR-18 was effective in the setting of ICl-resistance,
we utilized three tumor models with impaired MHC
class | surface expression (RMA/S and Beta-2
microglobulin-deficient MC38 and YUMMER1.7). In
these models, DR-18 treatment exhibited strong NK-
cell dependent efficacy, whereas no response was
observed with combined blockade of CTLA4 and PD-
1.

Conclusions

We established that IL-18BP is the key barrier to IL-
18 immunotherapy using an engineered cytokine
variant, DR-18, that is impervious to the decoy
receptor. DR-18 is a promising candidate
immunotherapeutic that can augment conventional
ICls and treat ICI-refractory tumors that have lost
antigen presentation through MHC class |, one of the
most common mechanisms of ICl resistance [4].
These results highlight the IL-18 pathway as a
powerful target for immunotherapeutic intervention
and establish the value of precisely-engineered
protein therapeutics to dissect complex
immunoregulatory pathways.
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Background

Regulatory T cells (Tregs), while contributing to the
maintenance of self-tolerance, are a barrier to
effective cancer immunotherapy [1]. Previous
studies have shown that tumor-infiltrating (TIL) Tregs
substantially upregulate the expression of inhibitory
cytokines, such as IL10 [2] and IL35 [3]. Although we
have reported that IL35+ Tregs support tumor

growth by promoting inhibitory receptor (IR)
expression in CD8+ TILs [3], the underlying
mechanism of IL35-mediated IR-upregulation and
whether and how IL35+ Tregs and IL10+ Tregs
cooperatively regulate anti-tumor immunity remain
elusive. Improving our understanding of Treg
functions in the tumor microenvironment (TME) will
help us identify new targets and develop novel
immunotherapy with greater efficacy.

Methods

To address the question, we generated
Ebi3tdTomato.ll10GFP.Foxp3Cre-YFP reporter mice
to assess whether there are phenotypic, functional,
and transcriptomic differences between Treg
subpopulations. We also utilized Foxp3Cre-YFP,
Ebi3L/L-tdTom.Foxp3Cre-YFP, I110L/L.Foxp3Cre-YFP,
and Ebi3L/L.tdTom.I110L/L.Foxp3Cre-YFP conditional
knockout mice to examine the impact of inhibitory
cytokine-deficient Tregs on CD8+ TILs via multi-
parameter flow cytometry and global transcriptomic
analyses.

Results

IL10 and IL35 were reciprocally expressed by Tregs,
while inhibitory cytokine-producing Tregs were
significantly enriched in the TME. However, single
cell RNAseq analysis and a significant clonal overlap
among TIL Tregs demonstrated by TCRseq revealed
Tregs in transitional-states between IL10+, IL35+, and
IL10+IL35+ Treg populations. Our observations
suggest a strong developmental relationship
between IL10+ and IL35+ Tregs.Interestingly, despite
the distinct signaling pathways utilized by IL10 and
IL35 receptors, both IL10- and IL35-deficient Treg
mice presented a similar reduction of IR expression
on CD8+ TILs and tumor growth, while double-
deficient Treg mice did not show a notable additive
phenotype. Our subsequent analyses demonstrated
that Blimp1 is a common target of IL10 and IL35
signaling in CD8+ T cells, and its expression was
significantly downregulated in CD8+ TILs from all the
cytokine-deficient Treg mice.
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Conclusions

Blimp1 has been reported as one of the key
transcription factors that drive exhaustion of CD8+ T
cells [4], but upstream external stimuli in the TME
that trigger Blimp1 activities have not been fully
understood. Here, we report the direct link between
Treg-derived inhibitory cytokines, IL10 and IL35, and
Blimpl-mediated CD8+ T cell exhaustion. These
observations suggest that inflammatory cues in the
TME induce the plasticity of IL10 and IL35 expression
in Tregs that may further differentiate into
functionally distinct subtypes of effector Tregs to
cooperatively modulate the balance between
exhausted and memory CD8+ TIL compartments.
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Background
IL-12 is an important regulator of cell-mediated
immunity. Though antitumor activity of IL-12 has

been demonstrated in mouse tumor models, its
clinical application was limited by systemic toxicity.
Previously, we developed an IL-12 vector with a
promoter containing binding motifs for Nuclear
Factor of Activated T cell (NFAT-IL12) to secret IL-12
upon T cell activation. In a phase I/Il clinical study
using autologous tumor infiltrating lymphocytes (TIL)
engineered with NFAT-IL12 in patients with
metastatic melanoma, 62.5% of patients receiving a
dose above 3X108 NFAT-IL12 TILs exhibited objective
responses. However, increasing cell doses resulted in
high serum levels of IL-12 and IFNg and clinical
toxicities, including fever, liver dysfunction and
hemodynamic instability. Therefore, a safer delivery
of IL-12 is needed

Methods

To avoid detrimental toxicity of secreted IL-12, we
designed a next-generation retroviral vector in which
IL-12 is anchored on the cell surface by B7
transmembrane domain and cytoplasmic tail (LTR-
mIL12.mB7). This vector was evaluated in two
different murine tumor treatment models. The Pmel
or OTI-T cells were transduced with membrane-
anchored IL12 (LTR-mIL12.mB7) or secreting IL-12
(NFAT.mIL12) and were used to treat mice bearing
B16 melanoma or B16-OVA melanoma. To further
guide IL-12 expression at the tumor sites, we
constructed NFAT inducible membrane-anchored
IL12 vectors (NFAT-mIL12.mB7 and NFAT-hIL12.hB7).
The treatment efficacy and safety profile of these
vectors were evaluated in vitro and in vivo.

Results

Our results showed that T cells engineered with LTR-
mIL12.mB7 could effectively control tumor burden,
and importantly with an improved safety profile
compared with T secreting IL-12. No IL-12 was
detected in the serum and no body weight loss was
observed from mice who were treated with
membrane-anchored IL-12 T cells. In contrast, a
transient body weight loss and increase serum level
of IL-12 and IFNg were found in mice receiving T cells
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secreting IL-12. Furthermore, T cells modified with
inducible membrane-anchored IL-12 vector could
efficiently express IL-12 on cell surface with minimal
IL-12 secretion upon T cell activation. Adoptive
transfer of OT-1 T cells modified by NFAT-mIL12.mB7
significantly enhanced tumor regression in a dose
dependent manner without toxicity. In an NSG mice
bearing human HPV positive epithelia tumor, T cells
co-expression HPV16-E7 TCR and NFAT-hIL12.hB7
improved treatment efficacy without detection of IL-
12 in serum.

Conclusions

Taken together, the results support a clinical
application of this novel IL-12 vector for cell-based
immunotherapy with controlled toxicity

Immunosuppressive Cells in the Tumor
Microenvironment
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activating anti-tumor immunity

Esra Akbay, PhD’, Juan Miret?, Paul Kirschmeier?,
Shohei Koyama?3, Yvonne Li?, Glenn Dranoff, MD?,
Peter Hammerman?, Chad Pecot®, Kwok-Kin Wong,
MD, PhD®

IUniversity of Texas Southwestern Medical Center,
Dallas, TX, USA

’Dana-Farber Cancer Institute, Boston, USA
30saka University, Osaka, Japan

“Novartis, Cambridge, MA, USA

>University of North Carolina, Chapel Hill, USA
éNew York University, New York, NY,USA
“University of Texas Southwestern Medical, Dallas,
TX, USA

Background
Tumor orchestrated metabolic changes in the

microenvironment limit generation of anti-tumor
immune responses. Availability of arginine, a semi-
essential amino acid, is critical for lymphocyte
proliferation and function. Levels of arginine are
regulated by the enzymes arginase 1,2 and nitric
oxide synthase (NOS). However, the role of arginase
activity in lung tumor maintenance has not been
investigated in clinically relevant orthotopic tumor
models.

Methods

RNA sequencing (RNA-seq) of sorted cell populations
from mouse lung adenocarcinomas derived from
immunocompetent genetically engineered mouse
models (GEMM)s was performed. To complement
mouse studies, a patient tissue microarray consisting
of 150 lung adenocarcinomas, 103 squamous, and 54
matched normal tissue were stained for arginase,
CD3, and Cd66b by multiplex immunohistochemistry.
Efficacy of a novel arginase inhibitor compound 9 in
reversing arginase mediated T cell suppression was
determined in splenocyte ex vivo assays.
Additionally, the anti-tumor activity of this
compound was determined in vitro and in an
autochthonous immunocompetent KrasG12D GEMM
of lung adenocarcinoma model.

Results

Analysis of RNA-seq of sorted myeloid cells
suggested that arginase expression is elevated in
myeloid cells in the tumor as compared to the
normal lung tissue. Accordingly, in the patient
samples arginase 1 expression was mainly localized
in the granulocytic myeloid cells and significantly
elevated in both lung adenocarcinoma and
squamous tumors as compared to the controls. Our
ex vivo analysis demonstrated that myeloid derived
suppressor cell (MDSC)s cause T cell suppression by
arginine depletion, and suppression of arginase
activity by a novel Argl/2 inhibitor, compound 9, led
to restoration of T cell function by increasing
arginine. Treatment of KrasG12D GEMM of lung
cancer model with compound 9 led to a significant
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tumor regression associated with increased T cell
number and function, while it had no activity across
several murine and human non-small cell (NSCLC)
lung cancer lines in vitro.

Conclusions

We show that arginase expression is elevated in
mouse and patient lung tumors. In a KRASG12D
GEMM arginase inhibition diminished growth of
established tumors. Our data suggest arginase as an
immunomodulatory target that should further be
investigated in lung or other tumors with high
arginase activity.

Ethics Approval

Human tissue specimen investigations were
performed after approval by an institutional review
board at University of North Carolina Chapel Hill (IRB
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from all patients.
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Background

Regulatory T cells (Tregs) maintain peripheral
tolerance;[1] however, in cancer, Tregs dampen anti-
tumor immunity, contributing to disease
progression.[2,3] Neuropilin-1 (NRP1) is required for

intratumoral Treg stability as Treg-specific knockout
of NRP1 leads to reduced tumor growth.[4]Genome-
wide transcriptional analyses in mice revealed that
intratumoral NRP1-deficient Foxp3+ Tregs develop
an effector phenotype, characterized by interferon-
gamma (IFNy) production and decreased suppression
of conventional T cells.[5] Whereas NRP1 is
constitutively expressed on mouse Tregs, expression
on human Tregs is activation-driven and thus may be
modulated by immune processes. Furthermore,
NRP1’s role in maintaining human Treg stability
amidst proinflammatory signals is not known. We
hypothesize that (1) surface NRP1 expression marks
highly suppressive human Tregs, (2) NRP1 expression
is driven by proinflammatory signals in the tumor
microenvironment, and (3) NRP1 binding to its
cognate ligand, Semaphorin 4A, is required for
maximal suppressive function.

Methods

Phenotypic profiling of peripheral blood (PBL) and
tumor infiltrating lymphocytes (TILs) from head and
neck squamous cell carcinoma (HNSCC), melanoma,
non-small cell lung, ovarian, and colorectal cancer
patients was conducted by flow cytometry. Treg
function was evaluated in vitro by a micro-scale
suppression assay, which measures the ability of
Tregs to suppress CD8+ T cell proliferation. Paired
with our phenotyping, we cultured Tregs under
various stimulatory conditions to query drivers of
NRP1 expression. These included numerous cytokine
conditions, T cell receptor stimulation, co-culture
with antigen presenting cells, as well as blockade of
specific costimulation/inhibitory receptors.

Results

NRP1+ Tregs are greatly enriched in cancer patient
PBL and TIL across numerous malignancies, and high
NRP1 expression on intratumoral Tregs negatively
correlates with disease-free survival in HNSCC.
NRP1+ Tregs upregulate several inhibitory receptors
commonly found on Tregs, including TIGIT, ICOS, and
TNFR2, as well as markers of proliferation and
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survival. NRP1+ Tregs also suppressed cytotoxic T cell
proliferation to a greater degree than their NRP1-
counterparts. NRP1+ Tregs were enriched in vitro in
low interleukin-2 (IL-2) conditions as well as upon T
cell activation. Proinflammatory cytokines, such as
IFNy, also drove increased NRP1 expression in a
subset of cancer patient samples.

Conclusions

NRP1+ Tregs constitute a more suppressive human
Treg subset based on their enhanced regulatory
phenotype and function. Given the increased
expression of proliferation and survival markers,
especially under destabilizing conditions, NRP1
confers a survival advantage to these Tregs, allowing
them to persist and function amidst such signals.
Therefore, destabilizing intratumoral Tregs with
NRP1 blockade may compliment other T cell
therapies such as anti-PD1 blockade.
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Innate Anti-Tumor Immunity
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Background

Cancer therapy has been revolutionized by the
recent developments of immune-checkpoint
inhibitors to harness the power of the immune
system in fighting cancer. However, the majority of
patients fail to have durable responses or become
resistant to immuno-oncology drugs, highlighting the
need to identify new mechanisms of immune
evasion in cancer and to develop new therapeutic
modalities. Recently, the glyco-immune checkpoint
axis (sialoglycan/Siglec pathway) has emerged as a
novel mechanism of immune regulation involving
both innate and adaptive immunity and an important
mechanism of cancer immune escape. Upon ligation
of sialylated glycans to ITIM-containing Siglecs on
immune cells, this pathway plays a previously
unrecognized role in regulating functions of NK cell,
macrophages, dendritic cells, monocytes and T-cells
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in the tumor microenvironment. It suppresses
multiple facets of anti-cancer immunity, including
cancer antigen release, cancer antigen presentation,
priming and activation of anti-cancer T-cell
immunity, which may represent a novel mechanism
of resistance to current immunotherapy.

Methods

Here, we described a novel therapeutic modality, a
multi-functional antibody-like molecule named
EAGLE (Enzyme-Antibody Glyco-Ligand Editing), to
inhibit the glyco-immune checkpoint axis in the
tumor microenvironment by selectively removing the
terminal sialic acids of sialoglycans on tumor cells.

Results

We demonstrated that EAGLE decreased sialic acid
levels on tumor cells and led to increased immune
cell infiltration and activation in vivo in syngeneic
mouse tumor models. EAGLE treatment achieved
50% complete regressions in well-established tumor
models as a monotherapy with no reductions in body
weight, and remarkably 100% cures in combination
with anti-PD1 mAb. Furthermore, re-challenge
experiments in cured mice from the EAGLE
monotherapy treatment group resulted in a
complete rejection of tumor cells, demonstrating
that EAGLE induced anti-tumor immunological
memory.

Conclusions

In summary, we demonstrated EAGLE as a novel and
promising immunomodulatory therapeutic modality
and the great potential of inhibiting the glyco-
immune checkpoints for overcoming resistance to
current immunotherapies.
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Background

Immunotherapy for cancer has revolutionized clinical
practice and enabled cures for previously lethal
cancers. However, the clinical responses are variable
and highly influenced by immune regulatory
compartments in the tumor microenvironment
(TME). These include, Myeloid-derived suppressor
cells (MDSC), and Tumor-associated macrophages
(TAMs). We have previously shown that antibodies
targeting scavenger receptors (SR) expressed on
TAMs, reduces tumor growth and metastasis in
murine melanoma and breast cancer models. Thus,
we hypothesized that targeting these receptors will
remodel the suppressive environment and relive the
anti-tumor responses to increase the efficacy of
immunotherapy.

Methods

To test our hypothesis, analysis of SR gene
expression data from the Human Protein Atlas (HPA)
project was performed investigating pancreatic
tumors (n=176), as these consist of up to 80%
stroma, compared with healthy pancreatic tissues
(n=171). In vitro, we first cytokine-polarized
macrophages from healthy blood donors towards
M1 anti-tumor and M2 pro-tumor phenotype.
Alternatively, macrophages were cultured with
tumor cell lines under hypoxia and normoxia
conditions. M1, M2, or tumor-conditioned
macrophages were co-cultured with cytotoxic cells to
mimic their interaction in the TME. Later,
macrophages were treated with anti-SR Abs and
their phenotype, metabolism, and cytokine profile
were examined prior and following interaction with
immune effector cells. Subsequently, T and NK cell
activation was measured by cytokine production,
proliferation, degranulation, and capacity to kill
tumor cells.
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Results

We found a 30-fold increase in SR expression in
pancreatic tumors compared to healthy tissues. Also,
a significant (p=0.03) correlation between high
expression and decreased survival was noted in
pancreatic cancer patients. Furthermore, pancreatic
cancer cell lines induced SR expression on
macrophages and dedifferentiated them towards
MDSC. This effect was amplified by hypoxic
condition. Notably, SR+ MDSC in contrast to control
monocytes and M1-macrophages, suppressed
cytotoxic cell anti-tumor activities, which was
reversed by treatment with anti-SR Abs. In addition,
targeting M2-macrophages with anti-SR Abs,
abolished their anti-inflammatory phenotype and
normalized their metabolism towards M1.

Conclusions

Our findings demonstrate a novel approach to
specifically target M2-like TAMs and MDSC for
treatment of pancreatic cancer.

Mechanisms of Resistance to Immunotherapy
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Background
Lack of immune cell infiltration is the main

mechanism of primary resistance to PD-1 blockade
therapies for cancer.

Methods

Here, we performed a transcriptomic analysis of
metastatic melanoma biopsies taken from patients
treated with anti-PD-1 (n=41) with biopsies pre-
(n=27) and during treatment (n=33), and
investigated cancer cell intrinsic mechanisms of
immune evasion.

Results

We first performed RNAseq deconvolution to
estimate the relative levels of the different immune
cell populations and confirmed that on-treatment
responding biopsies had increased levels of T-cells
(p-value = 1.21e-05) and dendritic cells (p-value =
1.9e-05) compared to non-responding tumor
biopsies. To elucidate potential mechanisms of
immune cell exclusion, we performed differential
gene expression analysis between infiltrated and
non-infiltrated tumor biopsies. P21 (RAC1) Activated
Kinase 4 (PAK4) was consistently enriched in tumor
biopsies with low T-cell (g-value = 2.75e-07) and
dendritic cell (g-value = 1.9e-05) infiltration and was
validated using an independent cohort of 99
metastatic melanoma biopsies treated with anti-PD-
1 published by Riaz et al. Cell 2017 (g-value= 1.59e-
11). PAK4 is a kinase known to be involved in
tumorigenesis that directly binds and phosphorylates
B-catenin to activate Wnt signaling. In our series,
PAK4 expression negatively correlated with several
immune cell populations including T-cells (pcc = -
0.21, p-value = 1.04e-07) and dendritic cells (pcc= -
0.49, p-value = 6.60e-05). Furthermore, tumor
biopsies from patients without a response to PD-1
blockade showed increased levels of PAK4
expression (p-value = 0.004). We performed a pan-
cancer correlation analysis between PAK4 expression
and T-cell infiltration using TCGA expression data
from 32 cancer types, identifying a negative
correlation in melanoma (pcc = -0.31 and p-value=
7.4e-12), prostate cancer (pcc = -0.26 and p-value=
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7.9e-09) and pancreatic cancer (pcc = -0.41 and p-
value= 1.6e-08) among 20 other cancer types with
similar negative correlation. To study the anti-tumor
efficacy of PD-1 blockade in the context of PAK4
deletion, we treated syngeneic C57BL/6 mice (n=7
each group) bearing either B16 PAK4 KO or B16 WT
tumors with anti-PD-1. We observed anti-tumor
efficacy in the B16 PAK4 KO anti-PD-1 treated group
(p-value = 0.0006) while no significant difference was
found in the B16 WT treated group (p-value = 0.11).
Depletion of CD8 T-cells abrogated the anti-tumor
efficacy observed in the B16 PAK4 KO group.

Conclusions

In summary, high PAK4 expression is correlated with
non-responding tumor biopsies with low T and
dendritic cell infiltration, and inhibition of PAK4
overcomes resistance to PD-1 blockade in a CD8
dependent manner.
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Background

Antibodies targeting CTLA4 induce durable responses
in some patients with melanoma and are being
tested in a variety of human cancers. However, a
majority of patients across tumor types fail to
respond. Further understanding the mechanisms of
action of these therapies will enable the
development of novel strategies to overcome
resistance and biomarkers to identify patients most
likely to respond. In murine models anti-CTLA4
efficacy depends on interactions between the Fc
region of anti-CTLA4 antibodies and Fc receptors
(FcRs). Anti-CTLA4 binding to FcRs has been linked to
depletion of intratumoral Tregs by myeloid cells
including non-classical monocytes. However, FcR
engagement can lead to Natural Killer (NK) cell
activation and NK cells can mediate antibody-
dependent cell mediated cytotoxicity (ADCC).

Methods

Flow cytometry was used to investigate surface
CTLA4 expression on murine and patient T cell
subsets, including tumor-infiltrating lymphocytes and
T cells from matched patient blood. Using murine
tumor models we assessed the effect of anti-CTLA4
administration on intratumoral and peripheral
immune cells including NK cells. A previously
published RNA-seq data set was used to investigate
intratumoral CD56 expression in cutaneous
melanoma patients who benefited from Ipilimumab
treatment compared to those who did not.

Results

In agreement with previous studies, we found that in
murine models intratumoral Tregs have the highest
expression of surface CTLA4 (sCTLA4) and anti-CTLA4
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leads to Fc/FcR-dependent depletion of these Tregs.
Similarly, analysis of T cells infiltrating patient-
derived tumor tissue showed that Tregs have the
highest sCTLA4 expression, and intratumoral Tregs
express significantly more sCTLA4 than circulating
Tregs. Interestingly, cutaneous melanoma patients
who benefited from Ipilimumab treatment had
higher intratumoral expression of the NK cell marker
CD56. Using murine tumor models, we found that
anti-CTLA4-induced Treg depletion coincided with
activation and degranulation of intratumoral NK
cells.

Conclusions

Taken together, our data suggest that anti-CTLA4-
induced Treg depletion may be mediated in part by
NK cells. These results suggest new strategies to
overcome resistance to anti-CTLA4 therapies.
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Background

Growth and differentiation factor 15 (GDF-15, also
known as macrophage inhibitory cytokine MIC-1 or
placental TGF-beta) is a divergent member of the
TGF-beta superfamily characterized by a very limited

tissue distribution. Elevated GDF-15 serum levels
seem to be required during pregnancy to prevent
miscarriage. In mice, GDF-15 improves survival after
cardiac ischemia-reperfusion injury: by inhibiting
LFA-1/beta2-integrin activation on
polymorphonuclear granulocytes GDF-15 protects
the infarcted myocardium from excessive influx of
leukocytes. In solid tumors where GDF-15 is
frequently overexpressed it is known to correlate
with poor survival. Nevertheless, its influence on
immune cell trafficking and immune escape have
hardly been explored in the tumor context.

Methods

Effects of GDF-15 on LFA-1 activation, T cell
adhesion, rolling and immune cell infiltration were
analyzed in vitro and ex vivo, using human
biomaterials and tissue microarrays. Mouse models
were performed to show the impact of GDF-15 on
infiltration of immune cells into tumor tissue. The
ability of GDF-15 to modulate responses to
immunotherapy was studied in the MC38 colon
cancer model. Finally, serum samples were obtained
from melanoma patients scheduled to receive PD-1
based immune checkpoint blockade. In these pre-
treatment samples GDF-15 serum levels were
measured and correlated with clinical responses and
survival.

Results

GDF-15 impairs activation of LFA-1 on human T cells.
Rolling and adhesion on activated endothelial cells
are also reduced by GDF-15. In line with this finding
brain metastases from human melanoma show a
strong inverse correlation between CD8+ T cell
infiltration and GDF-15 expression. In mouse models,
infiltration of immune cells into MC38 tumors is
impaired by GDF-15 overexpression. Moreover,
transgenic expression of GDF-15 can even induce
resistance to PD-1 based immunotherapy in MC38
colon carcinomas. Neutralization of GDF-15 improves
responses to immunotherapy. Strikingly, GDF-15
serum levels can also predict failure of anti PD-1
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treatment and hence poor survival in human
melanoma patients treated with immune checkpoint
blockade.

Conclusions

Serum GDF-15 may predict responses to current PD-
1 based checkpoint blockade. GDF-15 is, however,
much more than a mere biomarker. By inhibiting
immune cell infiltration into tumor tissue, GDF-15
actively promotes resistance towards PD-1 based
immune checkpoint blockade. Consequently, GDF-15
represents a new “vascular immune checkpoint”
which may serve as a promising target for future
personalized combination therapies in
immunooncology.

Ethics Approval

Use of patient samples for this study had been
approved by the institutional ethics committee
Tlbingen (ethic vote 125/2015B02). Use of surplus
sera collected in the University of Zurich Hospital
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performed according to IRB approval (KEK.Zh-
647/800) and followed the Declaration of Helsinki on
Human Rights.
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Background

Immunotherapeutic approaches for patients with the
myelodysplastic syndrome (MDS) have shown
promise. Progress is limited by incomplete
understanding of the immunologic milieu in MDS.
We performed a phase | study of vaccination against
the tumor antigen NY-ESO-1 in combination with
decitabine in newly diagnosed patients with MDS (1).
Response to vaccination was associated with the
presence of CD141Hi conventional dendritic cells
(cDCs). This population of cells is critical to effective
anti-tumor immune responses in solid tumors. We
confirmed a deficiency of CD141Hi cDCs in MDS
patients and proceeded to identify translatable
regulatory mechanisms to enhance their
development.

Methods

We quantified DC populations in bone marrow from
MDS patients (n = 61) using flow cytometry. RNA-seq
analysis was used to assess gene expression in MDS
and healthy CD34+ progenitors. We assessed
CD141Hi differentiation of MDS and healthy CD34+
progenitors using an in vitro differentiation model.

Results

We binarized patients into cohorts based on
detectable (n = 36) versus undetectable (i.e. below
the limit of detection; n = 25) CD141Hi cDC
populations. Patients with detectable numbers of
CD141Hi c¢DCs had longer median progression-free
and overall survival compared to patients with
undetectable CD141Hi cDCs (416 versus 216 days
and 650 versus 304 days respectively). The
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transcription factor IRF8 is a master regulator of
CD141Hi cDC differentiation. Expression of IRF8 in
MDS progenitors (as measured by RNA-seq) was
associated with detectable numbers of CD141Hi
cDCs. This result suggests that increased IRF8
expression drives enhanced CD141Hi cDC
differentiation. We hypothesized that inhibition of
lysine-specific histone demethylase 1A (LSD1),
known to enhance IRF8 expression, would induce
CD141Hi cDC differentiation (2). We showed that
pharmacologic LSD1 inhibition (GSK2879552; GSK)
enhances IRF8 expression in KG1 AML cells.
Treatment of MDS CD34+ progenitors with GSK
increased the number of CD141Hi cDCs in 2/4
patients samples compared to untreated controls (by
2.7 and 25.7-fold increase respectively). Cultured
cells maintained MDS associated cytogenetic
abnormalities (del 5g and -7), indicating their
derivation from the malignant population. LSD1
inhibition also enhanced differentiation of healthy
CD34+ cells to CD141Hi cDCs. This approach can
therefore drive differentiation of CD141Hi cDCs
which can arise from both malignant and healthy
CD34+ cells.

Conclusions

These data highlight an unrecognized and potentially
reversible immune defect in patients with MDS.
Since immunotherapeutic strategies, including
checkpoint inhibitors and vaccinations, require
functional CD141Hi cDCs, strategies to enhance this
population are critical for effective immune therapy
for MDS patients.
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Background

Development of effective therapies for
osteosarcoma, an infrequent disease that primarily
affects adolescents and young adults, is a critical
unmet medical need. The rarity and heterogeneity of
these cancers have hindered research in this field.
Comparative oncology studies in naturally occurring
osteosarcoma in companion dogs provide
opportunities to advance development in a clinically
realistic setting where the tumors resemble their
human counterparts but where the barriers of rarity
and cost are lowered [1]. Vesicular stomatitis virus
(VSV) is a rapidly replicating, robustly immunogenic
oncolytic virus platform with demonstrated
cytotoxicity in canine osteosarcoma cell lines. VSV-
IFNB-NIS, a recombinant oncolytic VSV, can be safely
administered intravenously (1V) to reach sites of
metastatic disease and has been shown selectively
replicate in and destroy tumor cells and activate an
anti-tumor immune response [2]. The aim of this
study is to evaluate neoadjuvant VSV-IFNB-NIS
therapy for osteosarcoma using a comparative
oncology approach and characterize anti-tumor
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immune responses in spontaneous canine
osteosarcoma.

Methods

A veterinary clinical study was initiated. Dogs with
osteosarcoma are randomized to receive
neoadjuvant oncolytic VSV-IFNB-NIS (109 TICD50/kg)
or placebo followed by amputation and carboplatin
chemotherapy. Pre- and post-treatment tumor
biopsies and serial peripheral blood mononuclear
cells are obtained to assess anti-tumor immunity by
histopathology, RNA and DNA sequencing, and
lymphocyte effector functions.

Results

To date 24 dogs have been enrolled, of 30 dogs
planned. The VSV safety profile is excellent, with
mild, transient changes in body temperature and
evidence of acute cytokine responses. Preliminary
analyses show survival outcomes exceed the
expectation for standard-of-care alone. Focal tumor
necrosis that is potentially treatment-related has
been observed in osteosarcoma lesions in resected
tissue. Assessment of naive and treatment-
associated gene cluster expression summary scores
from RNA sequencing is ongoing, as is massive
parallel sequencing of lymphocyte antigen receptors
to describe clonal expansion and attrition.

Conclusions

Neoadjuvant VSV treatment is well-tolerated, and
shows preliminary evidence of biological activity and
clinical efficacy. Updated results describing anti-
tumor immunity that is attributable to oncolytic VSV,
and its effects on patient outcomes will be
presented. These data will indicate if intravenous
neoadjuvant VSV-IFNB-NIS therapy improves clinical
outcomes in canine osteosarcoma and inform clinical
studies to evaluate this therapeutic approach as an
addition to current chemotherapy protocols for
osteosarcoma patients.
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Background

Following the success of checkpoint blockade,
activation of the co-stimulatory Tumour Necrosis
Factor Receptor (TNFR) superfamily receptors
represents the next stage of cancer immunotherapy
with clinical trials underway for antibodies
stimulating T cell co-stimulatory pathways. Targeting
0X40 and CD137 has the potential to strongly
activate the immune system due to their broad
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expression across CD4+ and CD8+ T cells and NK
cells. However, FcyR-mediated crosslinking is often
required for the activity of monoclonal antibodies,
and this likely limits clinical activity, due to the
inherently low affinity of Fc:FcyR interactions, as well
as due to FcyR-mediated depletion of T cells through
ADCC. FS120 is a novel, dual agonist bispecific
antibody that does not bind to FcyR, but instead
crosslinks OX40 and CD137 resulting in potent
activation of both CD4+ and CD8+ T cells,
independent of FcyR binding.

Methods

FS120 was generated by introducing an OX40-
binding specificity into the Fc-region of a human IgG1
targeting CD137. FcyR binding was significantly
decreased using the LALA mutation. A parallel
approach was taken to generate a murine surrogate
molecule to test in vivo.

Results

FS120 binds simultaneously to OX40 and CD137 with
subnanomolar affinity and has strong activity in
PBMC and T cell stimulation assays. Conventional
0X40 and CD137 agonist antibodies require
crosslinking, e.g. via anti-Fc secondary antibodies for
their activity. OX40 agonist antibodies activate CD4+
T cells, but not CD8+ T cells and CD137 agonist
antibodies activate CD8+ T cells but not CD4+ T cells.
FS120 has subnanomolar dual agonist activity on
both CD4+ and CD8+ T cells, which is independent of
additional crosslinking. This activity is dependent on
concurrent binding to the two receptors. An anti-
mouse 0X40/CD137 bispecific antibody showed
greater anti-tumour activity than a combination of
0X40 and CD137 agonists in a CT26 mouse tumour
model, which was associated with peripheral T cell
activation and proliferation. The anti-tumour activity
was independent of T regulatory cell (Treg)
depletion, as evidenced by similar levels of tumour
infiltrating Treg cells in mice treated with the anti-
mouse OX40/CD137 mAb? and isotype control. Anti-
tumour activity was also demonstrated in a B16-F10

syngeneic model.

Conclusions

An 0X40/CD137-specific mAb? can autonomously
stimulate both CD4+ and CD8+ T cells in vitro
independent of FcyR binding and mediate potent
anti-tumour activity in vivo via an FcyR-independent
mechanism of action. These data support initiation
of clinical development of FS120, a first-in-class dual
agonist bispecific antibody for the treatment of
human cancer.
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Background

Adenosine plays a role in blocking the function of
immune cells through binding to the A2AR. CPI-444 is
an oral A2AR antagonist that has been evaluated in
Phase 1 trials in advanced cancer.

Methods

This Phase 1b trial was conducted at 30 centers. RCC
patients (pts) with progressive disease were
randomized to receive either CPI-444, 100 mg po bid
monotherapy or CPI-444 in combination with
atezolizumab 840 mg IV every 2 weeks and treated
until progression or unacceptable toxicity. Endpoints
included safety, tumor response (RR), progression
free survival and overall survival (0S). Peripheral

blood and tumor biopsies were obtained at baseline
and on-treatment and evaluated for lymphocyte
subsets and gene expression of A2AR using
Nanostring. A2AR signaling was assessed by
measurement of inhibition of pCREB.

Results

Results: 68 pts enrolled (N=33 monotherapy, N=35
combination); median prior therapies was 3 (range 1-
5) including TKI, 84%; anti-PD(L)1 (10), 72%; median
time since last 10 was 3.1 and 1.7 months for
monotherapy and combination, respectively. Median
treatment duration was 4.6 months. CPI-444 was
well-tolerated with no Gr3/4 toxicity in
monotherapy; 7 pts had reversible Gr3 toxicity in
combination. CPI-444 blocked A2AR signaling based
on inhibition of phosphorylation of CREB in blood
lymphocytes. A2AR mRNA was measured in 31 pre-
treatment RCC tumor biopsies and compared to
other cancers (36 lung; 12 bladder; 5 colon; 8
prostate, 9 melanoma and 20 triple negative breast).
RCC showed increase in A2AR expression compared
to lung (p<0.01) and the other tumors (p<0.001).
Objective clinical responses were observed in 8% of
pts; another 21% had reduction of tumor not
meeting criteria for response. Responses were seen
in both monotherapy and combination arms and in
pts who failed prior |0 agents. 40% and 58% of pts
experienced disease control (DC) for > 3 months
(confirmed scans) in monotherapy and combination,
respectively, including in pts resistant to prior 10. The
OS for both monotherapy and combination exceeded
80% at 16 months. Treatment increased CD8+ T cells
in tumors in pts with DC>6mo compared to DC<6mo
(p<0.02).

Conclusions

CPI-444 is active in RCC and is associated with
prolonged survival and DC in treatment refractory
pts, including those who have failed prior 10.
Prolonged DC was associated with treatment-
induced increase in tumor infiltrating CD8+ cells. Our
results compare favorably to those reported with
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atezolizumab demonstrating 1 yr OS of 81% and RR
of 15% in 10 naive RCC with median 2 prior
therapies[1].
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Background

The level of tumor infiltrating lymphocytes (TIL) is a
prognostic factor for improved patient survival in
triple negative and HER2-overexpressing breast
cancer (BC) subtypes. T cells are the main immune
subset in BC tumors with a high TIL content, TIL(hi);
however the influence of the T cell qualitative
response on patient prognosis is unknown.

Methods

To address this issue, TILs were isolated from 129
primary and metastatic BC samples, T cells were
sorted and single-cell RNA sequencing (scRNA-seq)
performed to reveal the BCTIL T cell clusters
present. BC TIL scRNAseq data was confirmed by
multi-parameter flow cytometry (FACS). We also
performed bulk RNA seq on FACS-sorted T cell
populations, and interrogated BC TIL T cell receptor
(TCR) sequences to compare the difference in TCR
usage between clusters. We explored BC TIL
functional responses (cytokines, effector proteins)
following co-culture with autologous BC cells. Finally
we compared the clinical outcome data for triple
negative BC patients who expressed high vs low
levels of the signature clusters in BC TlLs.

Results

Our study showed BC T cells were heterogeneous in
sub-type and functional polarization. In particular, BC
TIL(hi) cases contained increased CD8+ tumor-
resident memory T (TRM) cells. These cells expressed
CD103 and high levels of immune checkpoint
molecules (PD1, CTLA-4, TIM-3, Lag-3) and T cell
effector proteins (perforin and granzyme B). Further
analysis of BC TILs by multi-parameter FACS
confirmed the presence of increased CD8+ TRM in
TIL(hi) BC tumors, these CD8+ TRM also released
granzyme B on co-culture with autologous BC cells.
In two primary tumors, the BC TRM had different
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TCR usage to TEM suggesting these are clonally
distinct populations. Using the scRNAseq data, we
developed a CD8+ TRM gene signature that was
associated with improved patient disease free
survival (DFS), (n=329, log-rank p=0.003) in early-
stage triple negative breast cancers (TNBC) from the
METABRIC data set. The CD8+ TRM gene signature
also stratified patients with high vs low CD8A
expression for DFS (log-rank p = 0.03).

Conclusions

In conclusion, patients with BC TIL(hi) tumours have
a qualitatively different T cell response which
includes CD8+ TRM differentiation. These cells
express high levels of immune checkpoint molecules,
plus T cell effector proteins suggesting they could be
the key responders to immune checkpoint inhibitor
therapy. Further studies exploring BC-associated
CD8+ TRM cell development and homeostasis will be
critical for creating new opportunities for BC
immunotherapy.

Acknowledgements

We wish to thank H Thorne, E Niedermayr, all the
kConFab research nurses and staff, the heads and
staff of the Family Cancer Clinics, and the Clinical
Follow Up Study (which has received funding from
the NHMRC, NBCF, Cancer Australia, and the
National Institute of Health (USA)) for their
contributions to this resource, and the many families
who contribute to kConFab. kConFab is supported by
a grant from NBCF, and previously NHMRC, the
Queensland Cancer Fund, the Cancer Councils of
New South Wales, Victoria, Tasmania and South
Australia, and the Cancer Foundation of Western
Australia. We wish to thank the FACS core facility
staff R Rossi, V Milovac and S Curcio, and T Tan and P
Petrone for additional FACS assistance. We also
thank S Ellis for assistance with confocal imaging, G
Mir Arnau for facilitating RNASeq, and the
Anatomical Pathology staff at the Peter MacCallum
Cancer Centre. Special thanks also to J Jabbari and
the Australian Genome Research Facility for making

the single cell sequencing possible.

Ethics Approval

This project was approved by the Human Research
Ethics Committee of the Peter MacCallum Cancer
Centre (project approval number “SEGMENT”
13/123, Kathleen Cuningham Foundation
Consortium for Research into Familial Breast Cancer
(kConFab) project approval numbers #129 and #150).

Consent

All participating patients provided written informed
consent.There is no sensitive or identifiable
information in the abstract.

047 Abstract Travel Award Recipient

Peripheral T cell dynamics in resectable NSCLC
patients treated with neoadjuvant PD-1 blockade

Jiajia Zhang, MD, MPH?, Zhicheng Ji, Margueritta El
Asmar, MD?, Justina Caushil, Valsamo Anagnostou,
MD PhD?, Hok Yee Chan, MS?, Prerna Suri, MS?,
Haidan Guo, BS, and BA?, Kristen Marrone, MD?,
Jarushka Naidoo, MD?, Taha Merghoub, PhD?, Jamie
Chaft, MD?, Matthew Hellmann, MD?, Janis Taube,
MD, MSC?, Julie Brahmer, MD?, Victor Velculescu,
MD, PhD?, Ni Zhao?, Patrick Forde, MD?, Drew
Pardoll, MD, PhD?, Hongkai Ji%, Kellie Smith, PhD?

1Johns Hopkins University, Baltimore, MD, USA
2Memorial Sloan Kettering Cancer Center, New York,
NY, USA

Background

Neoadjuvant PD-1 blockade has recently been shown
to induce major pathologic responses (MPRs) and
delay time to relapse in patients with resectable non-
small cell lung cancer (NSCLC)[1]. While the role of
tumor-specific T cells in facilitating tumor regression
has been demonstrated in advanced NSCLC, it is
unknown how neoadjuvant PD-1 blockade affects
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the anti-tumor T cell repertoire and how these
factors correlate with clinical outcome. The
neoadjuvant setting provides a unique opportunity
to evaluate T cell mobility into the tumor and other
tissues after checkpoint blockade, which is
challenging in studies of patients with metastatic
disease.

Methods

Patients with resectable NSCLC were treated with
neoadjuvant PD-1 blockade (NCT02259621). T cell
receptor (TCR) sequencing was performed on pre-
and post-treatment tissues, bulk serial peripheral
blood samples, and pre-treatment blood sorted for
PD-1 expression. Whole exome sequencing and
neoantigen prediction was performed on pre-
treatment tumor biopsies and matched normal lung
tissue. Peripheral dynamics of intratumoral T cell
clonotypes, as well as enrichment of TCR motifs were
evaluated. The associations of T cell dynamics and
neoantigen recognition with MPRs and recurrence-
free survival were assessed.

Results

Substantial alterations in the T cell repertoire and
influx of peripheral T cell clonotypes into tumor
tissue, normal lung, and lymph nodes were observed
following PD-1 treatment. Peripheral TCR responses
were independent of MPR status. T cell clonality in
the resected tumorpost-treatment tissue positively
correlated with pre-treatment tumor mutational
burden and negatively correlated with percent
residual tumor. Tumor infiltrating clonotypes
underwent dynamic peripheral remodeling on-
treatment; the magnitude of clonal reshaping was
significantly higher than clonotypes not found in the
tumor. Tumor-infiltrating clonotypes that were also
detected in the peripheral blood were of significantly
higher frequency than those only present in the
tumor. Notably, an anergic/monoclonal anti-tumor
TCR repertoire was observed in a patient with
KRAS/STK11 co-mutations and an early relapse after
PD-1 blockade. Analyses of the dynamics of T cell

clonotypes with differential PD-1 expression is
ongoing.

Conclusions

Significant and systemic alterations exist in the
peripheral anti-tumor T cell repertoire in NSCLC
patients treated with neoadjuvant PD-1 blockade.
The periphery represents a vital biological
compartment for the anti-tumor immune response.

Trial Registration
www.clinicaltrials.gov (NCT02259621)
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Background

Anti-tumor therapy with antibody-drug conjugates
(ADCs) is predicated on the identification of
antibodies that demonstrate suitable selectivity for
tumor cells that are also internalized upon binding
their cognate target. Remarkably, only a select
number of such antibodies with the propensity to
internalize have been identified, limiting the range
and breadth of ADC therapeutics in the clinic. Here
we show that Atreca’s Immune Repertoire Capture
(IRC™) technology can identify potent anti-tumor

antibodies with internalization activity applicable for
ADC therapeutics from patients undergoing
immunotherapy.

Methods

We analyzed blood plasmablasts from patients with
non-progressing metastatic cancer using IRC™
technology. Briefly, plasmablasts were collected
from patients and paired heavy and light chain
antibody sequences were then obtained from
individual cells. Antibody sequences representing
expanded clonal families were subsequently
expressed and analyzed for their ability to (i) bind to
human tumor and non-tumor tissues and (ii)
internalize into cancer cells when labeled with a pH-
sensitive dye. Those antibodies with a high
internalization rate were directly conjugated with a
cytotoxic agent (auristatin MMAE) and tested in an
in vitro ADC assay.

Results

Patient-derived antibodies from several cancer types
bound to human tumor tissue but not adjacent
normal tissue and also internalized into A549 lung
tumor cells. These internalizing antibodies were able
to induce target cell death in vitro when conjugated
directly or indirectly to a cytotoxic agent across
several human tumor cell lines.

Conclusions

In this study we demonstrate that patient-derived
antibodies which bind to public tumor-selective
antigens and internalize into cancer cells can be
identified by our IRC™ technology. Furthermore, we
demonstrate that these antibodies can deliver a
cytotoxic payload to target tumor cells to induce cell
death.
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Background

hul4.18-IL2 is an antibody-cytokine fusion protein
that combines targeting and immune activation of a
human IgG1 monoclonal antibody with the immune
stimulatory function of IL2. The humanized antibody
portion targets the GD2 ganglioside antigen
expressed on a variety of tumors of
neuroectodermal origin. Clinical efficacy of the
immunocytokine by i.v. application has been shown
already in several clinical trials in melanoma and
neuroblastoma. Dose limiting toxicity relates to
systemic IL2 toxicity. A novel approach was explored
preclinically in murine tumor models to deliver
hu14.18-IL2 locally by intratumoral (IT) injection
aiming at induction of a systemic immune response
(in-situ vaccination). We present here activity of the
immunocytokine in vitro against various GD2 positive
pediatric tumor cell lines. We also discuss a
humanized mouse model based on patient-derived
xenografts (PDX) by directly transplanting surgical
material. Finally we will present the design of a
clinical trial to explore safety and clinical activity of IT
hul4.18-IL2 in patients with GD2+ pediatric
malignancies.

Methods

Expression of the target antigen GD2 on human cell
lines MG63 (osteosarcoma), TC-71 (Ewing’s
sarcoma), RH41 (rhabdomyosarcoma) and Y79

(retinoblastoma) was analyzed by flow cytometry.
Hu14.18-IL2 mediated ADCC and whole blood
cytotoxicity (WBT) was determined by 51Cr release
assays.

Results

We found expression of antigen GD2 on all cell lines
derived from neuro-ectodermal pediatric
malignancies. Hu14.18-IL2 was effective in mediating
ADCC and WBT against all cell lines in vitro, and
potency was found higher than that of the
unconjugated chimeric anti-GD2 antibody
ch14.18/CHO in osteosarcoma and retinoblastoma.
The effects were antigen specific as addition of an
anti-idiotypic antibody abrogated the cytolytic
activity. A humanized mouse model (CD34+ cell
engraftment and transplantation of patient derived
GD2+ sarcoma tissue) with intra-tumoral application
of the immunocytokine is presently set up.

Conclusions

Immunocytokine hul4.18-IL2 is effective in vitro
against various GD2 positive pediatric malignancies
by activation of both antibody and IL2 effector
functions. Humanized mouse tumor models with
GD2+ patient derived tumors may be useful to
explore IT immunocytokine in vivo. A clinical phase
I/11 trial in several advanced pediatric GD2 positive
tumors (mostly sarcomas; “basket study”) is in
preparation with repeated IT administration of low
doses of hu14.18-IL2 (in-situ vaccination).
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Background

Three dimensional tumor spheroids provide
biochemical conditions that closely resemble the
tumor microenvironment in an intact organism.
Noninvasive approaches such as fluorescence
microscopy are highly advantageous as they allow
for the study of these three dimensional systems.
Here we investigate the penetration and potency of
natural killer cells, cytotoxic T cells, and antibody-
drug conjugates in three-dimensional models of
breast and lung cancer.

Methods

Tumor spheroids were formed by incubating cancer
cell lines overnight in Nunclon Sphera 96-well plates.
Natural killer cells were isolated from human PBMCs
using negative magnetic selection and expanded in
culture for 16 days. Natural killer cells were added to
SKBR3 breast cancer spheroids with or without
trastuzumab. T cells were isolated from human
PBMCs using negative magnetic selection and
activated for 72 hours. Activated or resting T cells
were added to lung cancer spheroids. Immune cell
penetration and tumor cytotoxicity were evaluated
using whole-spheroid imaging on a confocal high-
content imaging system. Trastuzumab was site-
specifically conjugated with monomethyl auristatin E
(MMAE) and iFL pHrodo Red via SiteClick
conjugation. Spheroids of HER2+ breast cancer cells
were treated 48 hours with this antibody drug
conjugate. ADC penetration and apoptosis were
evaluated using confocal high-content imaging.

Results

Unstimulated T cells produced minimal cytotoxicity,
similar to untreated spheroids. Activated T cells
penetrated and produced significant cytotoxicity
throughout cancer spheroids. SKBR3 breast cancer
cells form a compact, viable spheroid. Addition of NK
cells leads to moderate cytotoxicity, while addition
of NK cells and trastuzumab results in substantial
cytotoxicity and degradation of spheroid structure

(Fig. 1). Trastuzumab labeled with iFL pHrodo Red
becomes brightly fluorescent following specific
endosomal internalization into breast cancer cells,
but minimal toxicity is observed. Trastuzumab
conjugated with both iFL pHrodo Red and MMAE
internalizes into cells and results in cell killing (Fig. 2).

Conclusions

Fluorescence microscopy combined with novel cell
and antibody labeling methods permits investigation
of the penetration and potency of natural killer cells,
cytotoxic T cells, and antibody-drug conjugates in
three-dimensional solid tumor models.

Figure 1.

Figure 2.
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Background

MICA and MICB can be expressed at the surface of a
wide variety of tumor cells upon stress, while having
a very limited expression on healthy tissues. This
makes MICA/B promising targets for the
development of antibody drug conjugates (ADC). In
addition, MICA and MICB serve as ligands for NKG2D,
a potent activating receptor expressed on NK, CD8+T
and y& T cells. As a consequence, the expression of
MICA and MICB promotes recognition and
elimination of tumors by these lymphocytes through
NKG2D engagement. However, in vitro and in vivo
studies have reported that chronic engagement of
NKG2D by its ligands induces NKG2D downregulation
and lymphocyte dysfunction, leading to
compromised immunity. We thus aimed to generate
an ADC targeting MICA/B-expressing tumors with a
dual function to achieve optimal therapeutic
benefits: (i) killing of tumor cells and (ii) disrupting
the interaction between MICA/B and NKG2D that
induces impaired immunosurveillance [1] [2].

Methods

Antibodies were screened based on their binding
affinity for the most frequent MICA/B alleles, as well
as for their internalization, cytotoxicity and
immunomodulatory properties. The MICA/MICB

cross-reactive, pan-allele antibody with the highest
affinity was conjugated to valine-alanine-
pyrrolobenzodiazepine (PBD) dimers using bacterial
transglutaminase-based site-specific conjugation to
generate anti-MICA/B-PBD ADC

Results

Anti-MICA/B-PBD showed potent in vitro cytotoxicity
against a variety of solid cancer cell lines as well as in
vivo efficacy in both HCT116 human colon carcinoma
and breast cancer patient-derived xenograft models.
The immunomodulatory properties of anti-MICA/B-
PBD were assessed in MICA-transgenic mice
engrafted with MICA-expressing mouse melanoma
B16-F10. Lastly, cell surface MICA/B expression and
soluble form concentration were assessed in a large
panel of samples from healthy donors and patients
with various cancers in order to determine potential
therapeutic indications for clinical development.

Conclusions

MICA/B molecules are attractive targets for an ADC
approach based on their selective expression in a
wide range of malignancies while showing restricted
expression in healthy tissues along with manageable
concentrations of their soluble form. The anti-
MICA/B-PBD shows efficacy both in vitro and in vivo,
paving the path for further evaluation towards
clinical development.
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Background

CLL is the most common adult B-cell leukemia in
western hemisphere. A subset of CLL cells
immunophenotypically resembles B-regulatory cells
(Bregs) and produce IL-10 and TGFB that functionally
imparts to them tumor-supportive properties. These
cells are known to support and maintain T-regulatory
(Treg) cells. Together, CLL Bregs and Tregs suppress
CD8+ cytotoxic T-cell (cTLs) fostering an
immunosuppressive and tumor promoting milieu
that contribute to disease progression. We observed
that a large proportion of CLL-Bregs and Tregs have a
high CD38 receptor expression. This led us to
hypothesize that eliminating them can potentially
restore anti-tumor immune-effector response and is
possible through anti-CD38 immunotherapy.

Methods

Blood peripheral mononuclear cells (PBMCs) were
isolated from patients with a confirmed diagnosis of
CLL (n=17) or healthy donors (n=6, control) under a
protocol approved by the Mayo Clinic IRB.
Characterization of CLL B-cells (CD19+CD5+), CLL-
Bregs (CD19+CD24+CD38+IL10+), Tregs
(CD4+CD25+CD127dimFoxP3+) was performed by
flow-cytometry. Anti-CD38 immunotherapeutic,
Daratumumab (Dara) was used in experiments.
Intracellular IL-10 and FoxP3 were measured via

fix/perm protocol followed by cytokine staining.
Naive T-cell to Treg transformation was determined
using a trans-well co-culture assay. Extracellular IFNy
and IL-10 were measured via ELISA. Apoptosis was
determined using annexin-V/PI staining. cTL
proliferation was assessed via CFSE labeling of CD8+
sorted T-cells. For in vivo studies, a CLL patient-
derived-xerograph (PDX) mouse model was
established. (Figure 1)

Results

We noted that compared to healthy donors, CLL
patients had a significantly higher % of Tregs
(55.23+6.85%) and these Tregs had high CD38
expression (MFI=616.84£36.27). Consistent with our
hypothesis, ex-vivo treatment of CLL patient PBMCs
with Dara (1ug/mL) was highly lethal to CD38hi Bregs
and Tregs. We also noted that CD38hi CLL-Bregs
promoted transformation of naive CD4+ T cells into
Tregs in an IL-10/TGFB dependent manner and
neutralization of IL-10/TGFB prevented this process.
Notably, Dara treatment of naive CD4+ T cells
elicited same effect. Overall, Dara induced CLL cell
death via ADCC, CDC, ADCP and mitochondrial/FcyR-
mediated apoptosis. In Dara-treated CLL PBMC+T-
cell co-cultures, ex vivo, we observed decreased IL-
10 but increased IFN-y, Th17 and cTL counts.
Similarly, in the PDX model, Dara-treated mice
showed an increase in CD8+ and Th17 cells but a
decrease in Bregs and Tregs.

Conclusions

Anti-CD38 immunotherapy is lethal to
immunosuppressive CD38hi Breg/Treg cells and may
improve anti-tumor T-cells function via modulating
CLL immune-microenvironment. The results of these
analyses have led to the approval of a phase-Il
clinical study that will be testing Dara in
relapsed/refractory CLL patients.
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Background

CLL is the most common adult B-cell leukemia in
western hemisphere. A subset of CLL cells
immunophenotypically resembles B-regulatory cells
(Bregs) and produce IL-10 and TGFB that functionally
imparts to them tumor-supportive properties. These
cells are known to support and maintain T-regulatory
(Treg) cells. Together, CLL Bregs and Tregs suppress
CD8+ cytotoxic T-cell (cTLs) fostering an
immunosuppressive and tumor promoting milieu
that contribute to disease progression. We observed
that a large proportion of CLL-Bregs and Tregs have a
high CD38 receptor expression. This led us to
hypothesize that eliminating them can potentially
restore anti-tumor immune-effector response and is
possible through anti-CD38 immunotherapy.

Methods

Blood peripheral mononuclear cells (PBMCs) were
isolated from patients with a confirmed diagnosis of
CLL (n=17) or healthy donors (n=6, control) under a
protocol approved by the Mayo Clinic IRB.
Characterization of CLL B-cells (CD19+CD5+), CLL-
Bregs (CD19+CD24+CD38+IL10+), Tregs
(CD4+CD25+CD127dimFoxP3+) was performed by
flow-cytometry. Anti-CD38 immunotherapeutic,
Daratumumab (Dara) was used in experiments.
Intracellular IL-10 and FoxP3 were measured via
fix/perm protocol followed by cytokine staining.
Naive T-cell to Treg transformation was determined
using a trans-well co-culture assay. Extracellular IFNy
and IL-10 were measured via ELISA. Apoptosis was
determined using annexin-V/PI staining. cTL
proliferation was assessed via CFSE labeling of CD8+
sorted T-cells. For in vivo studies, a CLL patient-
derived-xerograph (PDX) mouse model was
established.
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Results

We noted that compared to healthy donors, CLL
patients had a significantly higher % of Tregs
(55.23+6.85%) and these Tregs had high CD38
expression (MFI=616.8+36.27). Consistent with our
hypothesis, ex-vivo treatment of CLL patient PBMCs
with Dara (1ug/mL) was highly lethal to CD38hi Bregs
and Tregs (Figure 1). We also noted that CD38hi CLL-
Bregs promoted transformation of naive CD4+ T cells
into Tregs in an IL-10/TGFB dependent manner and
neutralization of IL-10/TGFB prevented this process.
Notably, Dara treatment of naive CD4+ T cells
elicited same effect. Overall, Dara induced CLL cell
death via ADCC, CDC, ADCP and mitochondrial/FcyR-
mediated apoptosis. In Dara-treated CLL PBMC+T-
cell co-cultures, ex vivo, we observed decreased IL-
10 but increased IFN-y, Th17 and cTL counts.
Similarly, in the PDX model, Dara-treated mice
showed an increase in CD8+ and Th17 cells but a
decrease in Bregs and Tregs.

Conclusions

Anti-CD38 immunotherapy is lethal to
immunosuppressive CD38hi Breg/Treg cells and may
improve anti-tumor T-cells function via modulating
CLL immune-microenvironment. The results of these
analyses have led to the approval of a phase-lI
clinical study that will be testing Dara in
relapsed/refractory CLL patients.
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Background

4-1BB (CD137) is an important activation-induced co-
stimulatory receptor that regulates immune
responses of activated CD8+ T and NK cells, by
enhancing proliferation, survival, cytolytic activity
and IFN-y production. The ability to induce potent
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anti-tumor activity by stimulating 4-1BB on tumor-
specific cytotoxic T cells makes 4-1BB an attractive
target for designing novel therapeutics for immuno-
oncology. However, clinical development of a
monospecific 4-1BB agonistic antibody has been
hampered by dose-limiting hepatic toxicities. To
minimize systemic immune toxicities, we have
developed a novel 4-1BB x 5T4 bispecific antibody
designed to direct tumor-specific T cell responses to
the tumor microenvironment by stimulating 4-1BB
function only when co-engaged with 5T4, a tumor-
associated antigen.

Methods

ALG.APV-527 was built based the ADAPTIR™
platform with binding domains to 4-1BB and 5T4
generated using the ALLIGATOR-GOLD® human scFv
library and subsequently optimized to increase
binding affinity, function, stability and
manufacturability. To assess its agonistic function,
ALG.APV-527 was tested in NF-kB luciferase reporter
systems and assays using primary cells in the
presence or absence of cells expressing 5T4. To
stimulate primary cells, enriched CD8+ T cells or
unseparated PBMC were sub-optimally cultured with
anti-CD3 antibody. Secretion of IFN-y was measured
at 72 hrs using ELISA or Luminex-based assays. To
measure proliferation, PBMC were labelled with Cell
TraceTM and CD8+ T cells were gated using
multicolor flow cytometry. For tumor inhibition
studies, the human colon carcinoma HCT116
xenograft model expressing endogenous levels of
5T4 was used. 5T4 expression was evaluated in
normal human tissues and a range of different
human tumors by immunohistochemistry (IHC).

Results

In vitro, ALG.APV-527 triggers luciferase reporter
activity in the presence of 5T4-expressing cells. Using
enriched T cells or whole unseparated PBMC,
ALG.APV-527 induces a concentration-dependent
increase of IFN-y production when co-cultured with
5T4-expressing cells. ALG.APV-527 enhances primary

CD8+ T cell proliferation preferentially over CD4+ T
cells. Of significance, ALG.APV-527 is capable of
inhibiting tumor growth in a human colon carcinoma
xenograft model. IHC staining confirms that 5T4 is
overexpressed in a range of solid tumors but not in
normal tissues, indicating that ALG.APV-527 may
primarily localize to the tumor improving potential
for a achieving concentrations that demonstrate
efficacy in a solid tumor setting.

Conclusions

ALG.APV-527 induces potent CD8+ T cell co-
stimulation but only in the presence of 5T4 antigen.
Based on preclinical data, ALG.APV-527 is a
promising anti-cancer therapeutic for the treatment
of a variety of 5T4-expressing solid tumors.
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Background

T cell cytokines can drive anti-tumor activity and
greater polyfunctionality (co-secretion of 2+ proteins
per single cell) has been shown to be associated with
improved clinical outcome in the study of CAR-T cell
therapy and vaccine. We employed single-cell
proteomics to fully evaluate the impact of BiTEs on
polyfunctional T cells. BiTEs as cancer-targeting drugs
link T cells with tumor by binding CD3 and a tumor
antigen. Natural killer group 2, member D (NKG2D)
ligand, such as MICA, expressed on more than 90%
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of human tumors but limited on normal tissues has
emerged as appealing targets for BiTEs. This study
has explored the polyfunctional profile of T cells by
two BiTEs: B2-OKT3 (MICA x CD3) and hNKG2D-OKT3
(NKG2D ligands x CD3).

Methods

Blood T cells were negatively enriched from 3
healthy donors and incubated with K562 cells at a
ratio of 1:2 in the presence of 250 ng/ml of B2-OKT3,
hNKG2D-OKT3 or control Tz47-2C11. After 36 hours
stimulation at 37°C, 5% CO2, CD4+ and CD8+ T cells
were separated with anti-CD4 or anti-CD8
microbeads. Approximately 30,000 cells were loaded
on the IsoCode single-cell chip (SCBC), pre-patterned
with a 32-plex antibody ELISA array per cellular
microchamber. Secreted proteins were captured
from ~1500 single T cells after 16-hour-on-chip
incubation at 37°C, 5% CO2. The T cell polyfunctional
profile was evaluated across 5 functional groups:
effector (Granzyme B, IFN-y, MIP-1a, Perforin, TNF-
a, TNF-B), stimulatory (GM-CSF, IL-2, IL-5, IL-7, IL-8,
IL-9, IL-12, IL-15, IL-21), regulatory (IL-4, IL-10, I1L-13,
IL-22, TGF-B1, sCD40L, sCD137), inflammatory (IL-1B,
IL-6, IL-17A, IL-17F, MCP-1, MCP-4), and
chemoattractive (CCL-11, IP-10, MIP-1B3, RANTES).

Results

Both B2-OKT3 and hNKG2D-OKT3 BiTEs enhanced
single-cell polyfunctionality and polyfunctional
strength index (PSI) of both CD4+ and CD8+ T cells
when activated by K562 tumor cells compared to the
Tz47-2C11 negative control (Figure 1). The
polyfunctional response was mainly driven by
effector cytokines, including Granzyme B, IFN-y, and
MIP-1a, chemoattractive MIP-1B, and regulatory
sCD137. hNKG2D-OKT3 elicited more robust
polyfunctional response of both CD4+ and CD8+ T
cells to K562 cells stimulation than B2-OKT3.
Detailed polyfunctional cell subsets with unique
cytokine signatures induced by each BiTE are
elucidated through high-dimensional single-cell
visualizations of the data.

Conclusions

Single-cell proteomic analysis reveals a significantly
upregulated polyfunctional profile of T cells induced
by the BiTEs against tumor cells than the negative
control, providing important insights into BiTE-
triggered T cell activity as well as better evaluation
and understanding of BiTE therapies.

Figure 1: T Cell Polyfunctional Strength Enhanced by
BiTEs
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Background
Molecular Templates’ Engineered Toxin Body (ETB)
platform comprises recombinant immunotoxins
leveraging Shiga-like Toxin A subunit (SLTA)
properties of self-internalization, predictable
retrograde transport, and lethal ribosomal
inactivation with antibody binding domains to create
targeted biologics capable of potent and specific
direct killing of cancerous cells (MOA-1). Antigen
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Seeding Technology (AST) addition to the ETB
scaffold provides a novel approach for redirection of
preexisting memory cytotoxic T lymphocytes (CTLs)
to cancerous cells (MOA-2). Both MOAs are designed
to be functional in patients previously treated with
standard of care agents. Here we describe the
development of PD-L1 targeted ETBs with AST
functionality capable of promoting cytolytic activity
by CTLs recognizing a common Cytomegalovirus
(CMV) viral antigen (HLA:AO2 restricted CMV-pp65-
NLVPVMATV, A2-pp65) on targeted tumor cells. We
further describe the characteristics that distinguish
the complementary mechanisms of action.

Methods

ETBs comprising SLTA fused to PD-L1 scFvs were
engineered with or without A2-pp65 peptide. Human
tumor cell lines expressing or lacking PD-L1 and
HLA:A2 were used as target cells for cytotoxicity
assays. Antigen restricted CTLs were expanded from
human donors and used in co-culture models as
effector cells.

Results

ETBs with potent direct cell kill activity have been
identified to bind PD-L1 outside of or overlapping
critical contact residues for PD-1. These ETBs have
checkpoint inhibitor activity in a PD-1/PD-L1
blockade assay, though significantly less than their
corresponding monoclonal antibody. A2-pp65
peptide fusion to ETBs resulted in cell-surface
presentation of A2-pp65 peptide in complex with
MHC-I and triggered efficient lysis by A2-pp65
specific CTLs in a target and HLA-restricted fashion.
SLTA mutations which cause ER retention or do not
inactivate ribosomes have no direct cell kill activity
(remove MOA-1) but retain the antigen presentation
and CTL directed lysis (maintain MOA-2).
Additionally, genetic engineering identified
modifications that could enhance MOA-1 activity
without limiting MOA-2 activity, thus identifying
molecules with optimal activity for clinical
development. The predictable routing of ETBs

support both MOAs and indicates a reduced
threshold and routing requirement for MOA-2 as
compared to MOA-1, allowing for broader
cytotoxicity.

Conclusions

We have developed ETBs which bind distinct
epitopes on PD-L1 and provide two unique and
complementary mechanisms of action. Coupling
both mechanisms of cytotoxicity into one molecule
allows for potential to increase target penetrance,
expand a prolonged immune response, and
overcome resistance. In vivo syngeneic and
xenograft studies are ongoing in preparation for
clinical development of PD-L1 targeted ETBs with
AST functionality in 2019.
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Background

Neuroblastoma is the most common extracranial
solid tumor in pediatrics. Standard therapy for
patients with high-risk disease includes anti-
disialoganglioside (anti-GD2) monoclonal antibody
(mAb), GM-CSF (granulocyte-macrophage colony
stimulating factor), and IL2 (interleukin-2)—an
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immunotherapeutic regimen that has significantly
improved survival rates. Our lab has previously
shown that local radiation therapy (RT) combined
with intratumoral (IT) immunocytokine (IC; a fusion
of hu14.18 anti-GD2 mAb and IL2) can cure mice
with melanoma. We aimed to test and optimize this
in situ vaccine approach in a murine neuroblastoma
model.

Methods

Using the murine NXS2 neuroblastoma cell line,
subcutaneous neuroblastoma tumors were
established on the dorsal right flank of syngeneic A/)
mice. Mice bearing 155mm3 tumors (engrafted
about 2 weeks prior) received no RT or 12Gy RT to
the tumor on treatment day 1, followed by daily
intratumoral injections of either 50ug IC or PBS on
treatment days 6-10. All mice with complete
response were rechallenged on treatment day 90 by
injecting NXS2 cells into the dorsal left flank.

Results

We observed improved tumor control (Figure A) and
animal survival (Figure B; p<0.0001) when animals
were treated with a combination of RT and IT-IC.
Complete tumor regression was observed in 75%
(9/12) of animals receiving RT and IT-IC, with 89%
(8/9) of these rejecting rechallenge. Of all the other
groups, only 9% (1/11) of animals receiving IT-IC
alone and 33% (4/12) of animals receiving 12Gy and
PBS had complete tumor regression.

Conclusions

Combined treatment with RT and intratumoral IC
cures most mice bearing a single, 155mm3 NXS2
neuroblastoma tumor and induces immunologic
memory. Our ongoing studies continue to investigate
this immunotherapy regimen to test its effectiveness
in more advanced disease as well as in other in vivo
syngeneic murine neuroblastoma model systems.

Figure 1.

Figure 2.
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Background

Regulatory T (Treg) cells infiltrate into various types
of human cancers and contribute to the
immunosuppressive tumor microenvironment [1].
The intratumoral balance between Tregs versus T
effectors (Teffs) cells appears to impact the outcome
of the immune system-mediated tumor eradication
and numerous attempts are currently underway to
reduce the CD25-expressing Tregs cells [2].

Methods

Sur301 is an antibody-drug conjugate (ADC)
composed of PC61, a rat monoclonal antibody
directed against mouse CD25, stochastically
conjugated to a pyrrolobenzodiazepine (PBD) dimer
via a protease-cleavable linker, with a drug-to-
antibody ratio of 2.

Results

In vitro, sur301 demonstrated potent and specific
cytotoxicity in a CD25-expressing mouse lymphoma
cell line, while no specific cytotoxicity was observed
in two CD25-negative murine colon cancer-derived
cell lines, MC38 and CT26. All three cell lines were
highly sensitive to SG3199, the PBD dimer toxin of
sur301, irrespective of their CD25-status. In vivo,
sur301 anti-tumor activity was investigated in the
syngeneic MC38 and CT26 models, two
immunogenic colon cancer models with tumor-
infiltrating CD25-positive Treg cells [3]. Sur301 was
administered either alone (0.1, 0.5 or 1 mg/kg, single
dose) or in combination with an anti-PD1 antibody. A
non-binding control ADC was used as negative
control and tested as single dose at 1 mg/kg, either
alone or in combination with an anti-PD1 antibody.
Single doses of sur301 at 0.5 or 1 mg/kg induced
strong and durable anti-tumor activity in both
models. When tumor free survivor (TFS) animals
were re-challenged with MC38 or CT26 cells, no mice
developed new tumors, demonstrating tumor-
specific protective immunity was generated by the
single action of sur301. A single sub-optimal dose of
sur301 at 0.1 mg/kg elicited limited anti-tumor

activity when tested as single agent, but combination
with an anti-PD1 antibody resulted in synergistic
anti-tumor activity in both models. Combination of a
single dose of sur301 at 0.5 or 1 mg/kg with the anti-
PD1 antibody further increased the number of
responders and none of the re-challenged animals
developed new tumors. The non-binding control ADC
showed no or significant reduced activity when
tested at the same dose as sur301.

Conclusions

In conclusion, sur301 demonstrated potent in vivo
activity against CD25-negative immunogenic solid
tumors with infiltrating CD25-positive Treg cells.
Sur301 in vivo activity was further enhanced by
combination with anti-PD1 antibody. These data
warrant further investigation of ADCT-301, a PBD-
based ADC targeting human CD25, in patients with
solid tumors, either alone or in combination with
checkpoint inhibitors.
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Background

Immune checkpoint inhibition (IClI) has rapidly
become standard of care in advanced or metastatic
non-small-cell lung cancer (NSCLC) treatment. Initial
phase lll clinical trials suggest ICI may have
decreased efficacy in NSCLC patients > 75 years old.
The relationship between age-related immune
system changes and ICl treatment is poorly
understood.

Methods

The Johns Hopkins Upper Aerodigestive Diseases
Immunotherapy Database was queried for all
patients > 75 years old treated with anti-PD-1/PD-L1
agents as part of a clinical trial or standard of care,
from 2007 to 2018.

Results

Thirty-one patients = 75 years old receiving anti-PD-
1/PD-L1 agents for locally advanced or metastatic
NSCLC were identified. Eleven patients were female,
median age was 80.8 years (range: 75.1-90.6) with
median ECOG PS=1 (range: 0-3). Twenty-seven
patients received PD-1/PD-L1 monotherapy
(nivolumab=16, pembrolizumab=10,

atezolizumab=1) and 4 received combination
(+chemotherapy=1, +ipilimumab=2, +additional
ICI=1). Ten patients received ICl in the first-line
setting (1L); 21 patients in the second-line or beyond
(2L+). In 1L ICI monotherapy (n=8), median doses
received was 5.5 (range: 2-19), median progression-
free survival (mPFS) was 7.3m, and median overall
survival (mOS) was 11.3m. In 2L+ patients, median
dose administration was 4 (range: 1-24), mPFS was
7m and mOS was 7.6m. Across 1L and 2L+ ICl
monotherapy patients, a rate of 81.5% all-grade
toxicity was seen, of which 30% were high-grade
(3+). All 1L and 2L+ ICI combination patients (n=4)
experienced a toxicity, with 3 patients experiencing
high-grade events. Across all patients, the most
common low-grade toxicities were fatigue (n=8) and
dyspnea (n=8). High-grade pneumonitis was seen in
two 1L ICI monotherapy patients; 2L+ ICI
monotherapy high-grade toxicities included dyspnea
(n=4), hypoxia (n=1; Grade 5), pneumonitis (n=1),
chest pain (n=1), delirium (n=1), aspiration (n=1),
heart failure (n=1), lymphadenopathy (n=1) and
pleural infection (n=1). Combination ICI high grade
toxicities included pneumonitis (1L=1; 2L+=1) and
rash (2L+=1). Across patients, reasons for treatment
discontinuation included progressive disease (31%),
with double the patients stopping for toxicity (62%)
and treatment ongoing for 2 patients.

Conclusions

Our results indicate increased frequency and severity
of toxicity in anti-PD1/PD-L1 treated older NSCLC
patients, with decreased time to off treatment
compared to landmark phase Il studies. Survival
data comparisons are limited in the setting of the
current small sample size, but show interesting
trends of decreased time on therapy and decreased
overall survival. Further translational evaluation of
senescent remodeling’s role in outcome and toxicity
with ICl in older NSCLC patients is needed.
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Background

Despite the remarkable response of some melanoma
patients to checkpoint inhibitor therapy, significant
numbers of patients do not achieve complete
response. It is of great interest to identify biomarkers
and mechanisms that influence immunotherapy
effectiveness. Here we apply a comprehensive tumor
immuno-genomics platform (ACE ImmunolD) to
identify potential biomarkers of response to
checkpoint blockade therapy.

Methods

We characterized the immuno-genomics of tumors
from 31 stage Ill/IV melanoma patients who have
received anti-PD-1 treatments to assess potential
factors influencing response. Tumor responses to the
therapy were evaluated using RECIST criteria with a

median follow-up of 12 months. Immuno-genomic
profiling was performed using Personalis’ ACE
ImmunolD platform: an augmented
exome/transcriptome platform and analysis pipeline.
Analysis included assessment of tumor mutations,
neoantigen characterization, HLA typing, gene
expression quantification, and tumor micro-
environment profiling. The molecular information of
the tumors was then analyzed together with their
corresponding clinical response.

Results

We observed a trend that higher neoantigen burden
was associated with better progression free survival.
Further investigation of patients with high
neoantigen burden that failed to achieve complete
response (3 PD, 1 PR) revealed potential resistant
mechanisms to anti-PD-1 therapy. Specifically, we
identified two of these patients with high expression
of IDO1 or CTLA4, which may facilitate immune
escape in a PD-1 independent manner. Additionally,
we found two patients with mutations in their
antigen presentation machinery (APM). The first
patient had two independent HLA mutations in HLA-
A and HLA-B (stop-gain mutation and splice site
mutation, respectively), leading to the likely loss of
surface expression of two classes of HLA-A and HLA-
B proteins. In the second APM mutation patient we
observed a frameshift deletion event detected in
B2M at a very high frequency (80% AF) in their
tumor. These APM mutations suggest reduced
neoantigen presentation in these patients, likely
underlying mechanisms for tumor escape.

Conclusions

While we observed the expected association
between neoantigen burden and response to
checkpoint blockade therapy, we also identified
potential resistance mechanisms in patients that
involve perturbations to antigen presenting
machinery and high expression of non-targeted
checkpoint genes. This highlights the potential
importance of broad immuno-genomic profiling of

151



patients that are candidates for receiving
immunotherapy. We are continuing to increase our
cohort size to identify additional mechanisms for
immune evasion.
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Background

Baseline biomarkers including PD-L1, IFNg signature
and tumor mutational burden (TMB) have
demonstrated clinical utility in predicting overall
survival in patients treated with anti-PD(L)1
therapies. However, changes in the tumor
microenvironment on checkpoint therapy and their
relationship to survival are poorly understood. Here,
we systematically analyzed tumor microenvironment
transcriptional profiles before and on durvalumab
treatment and explored association with survival in
patients with NSCLC.

Methods

CP1108/NCT01693562 is a nonrandomized phase 1/2
trial evaluating durvalumab (10 mg/kg, Q2W) in
patients with solid tumors including advanced NSCLC
(squamous and non-squamous). RNA sequencing
was performed on 97 baseline tumors and 29 paired

baseline and on-treatment (6 weeks) tumors. Gene
and pathway level analyses were performed in
relation to overall survival at baseline (prolonged OS
>2yrs, n=23, compared to short OS <1yrs, n=61) and
following durvalumab treatment (n=11 in both OS
groups); clinical data cut off was 10/16/2017

Results

Among 763 genes differentially expressed at baseline
between tumors from patients with prolonged
compared to short survival (FC> 1.5 ; p<0.05), gene
signatures of CD8, Th1, T-agonist, T-effector, B,
Natural Killer cells (NK), M1 macrophages, dendritic
cells (DC), chemoattractant chemokines, and IFNg
were expressed at higher levels (FC>2 ; p<0.04).
Following durvalumab-treatment, in both OS groups,
CD8 and T-effector gene signatures were significantly
increased (FC23 ; p<0.04), and IFNg,Th1, M1 and
chemoattractant chemokine gene signatures were
moderately induced (FC=1.7 ; p<0.1). Baseline levels
of Th2, M2 macrophages and MDSC gene signatures
did not significantly change on durvalumab. T-
agonist, B, NK and CD1c+ DC cell gene signatures
were further induced (FC>2 ; p<0.05) only in patients
with 0S>2 yrs. High expression levels of T-agonist, B
cell, and CD1c+ DC signatures correlated with
improved OS in early stage non-squamous NSCLC in
TCGA. On-treatment reduction of at least 2-fold
(p<0.04) in genes involved in angiogenic, metabolic,
cell-cell adhesion and cell cycle pathways including
WNT7B, VEGFA, FASN, EVPL and CDKN2B were
observed specifically in patients with prolonged OS
compared to no change in patients with short OS.

Conclusions

Durvalumab treatment resulted in substantial
changes in gene expression in the tumor
microenvironment, with notable increases in B and
dendritic cell signatures associated to prolonged
survival. Our results provide new insights into the
anti-tumor mechanism of PD-L1 blockade.
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Background

Exhausted T cells express high levels of immune
checkpoint proteins, including programmed cell
death-1 (PD-1) receptor. Preclinical and clinical data
support the role of PD-1 and its ligand, programmed
cell death ligand 1 (PD-L1), in promoting tumor
evasion by curtailing immune responses. In a Phase 1
clinical trial of the anti-PD-1 monoclonal antibody
AB122, we determined receptor occupancy (RO) in
peripheral blood T cells using a directly conjugated
competitive antibody method. We contrasted the
data quality and derived RO values to previously
established methodology described for nivolumab
using biotinylated anti-human IgG4.

Methods

RO assays were developed using healthy donor
peripheral blood mononuclear cells (PBMCs) spiked
with AB122. We evaluated parameters including
specimen stability, fresh vs. frozen samples, wash
conditions, reagent concentrations and adapted the
protocol for application to whole blood specimens to
eliminate the need for PBMC isolation. Multi-color
flow cytometry enabled determination of RO as well
as proliferation status in individual T cell subsets
using Ki67 as a functional readout of the effect of
anti-PD-1 therapy. We developed the RO panel to

work in conjunction with an intra-nuclear staining
protocol for Ki67. This included identification of
optimal clones for surface staining, blocking non-
specific staining and selection of a clone for Ki67
identification. Finally, we deployed both RO
determination protocols to evaluate an initial set of
samples from cancer patients enrolled in the ongoing
dose escalation Phase 1 study of AB122.

Results

Comparable RO data were obtained using both the
AB122 competitive antibody and saturation
methodologies using biotinylated anti-human IgG4 in
PBMC samples from study subjects. Across all initial
subjects tested, including different dose groups and
time points, an average of 2 90% RO was observed
using either method. In addition, a greater than 2-
fold increase in Ki67+ T cell subsets was observed in
approximately half of the patients.

Conclusions

Data from our Phase 1 dose-escalation cohorts
demonstrates complete RO across a range of dosing
regimens of AB122 and is consistent with data
published for other anti-PD-1 antibodies. This
optimized assay eliminates the need for multiple
wash steps, decreases variability and enables testing
with smaller numbers of cells. In addition, we have
modified the direct competition method to enable
direct assay of whole blood specimens allowing for a
one-step staining process and preservation at a
central lab to eliminate PBMC isolation.
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Background

PD-1 antibody has greatly improved the prognosis of
unresectable or metastatic melanoma, and is now
the standard first line therapy. It also brings a
spectrum of immune-related adverse effects (irAEs).
However, the correlation between the presence and
timing of irAEs and the efficacy of PD-1 antibody
remains elusive.

Methods

We retrospectively collected clinical data of
pembrolizumab or nivolumab monotherapy-treated
patients in Massachusetts General Hospital from
20009 to 2017. Correlations between irAEs and clinical
outcomes were statistically analyzed.

Results

Of total 147 enrolled patients, 81 (55.1%) had irAE(s)
(median 1/patient), 33 (22.4%) had severe irAE(s)
(grade 3,4). The presence of irAE(s) was correlated
with better therapeutic efficacy, which was impaired
but not entirely offset by the application of high dose
steroids, i.e. irAE+/high-dose steroids(-) subgroup
had the best clinical outcome (median PFS 132.1
weeks, median OS not reached), followed by
irAE+/high-dose steroids(+) (median PFS 43.0 weeks,
median OS 182.6 weeks), which was better than

irAE- subgroup (median PFS 11.4 weeks, median OS
74.7 weeks) (P<0.001 as for both PFS and OS). In
total 158 irAEs were reported, among which 37
(23.4%) affected skin, 32 (20.3%) endocrine system,
31 (19.6%) muscle and joints, 21 (13.3%)
gastrointestinal, 12 (7.6%) pulmonary, 9 (5.7%)
hepatic, 4 (2.5%) renal, 4 (2.5%) neural, 2 (1.3%)
pancreas, and 6 (3.8%) others. Median onset time of
irAEs affecting each system was significantly
different (P=0.036), early onset irAEs included
neuropathy (6.9 weeks), hepatitis (7.3 weeks), and
late onset irAEs included musculoskeletal (32.7
weeks), and cutaneous (27.6 weeks). Within the
subpopulation of patients with irAE(s), those with
musculoskeletal irAEs had better therapeutic
response (ORR 84.6% vs. 48.1%) (P=0.005), longer
median PFS (119.6 vs. 43.4 weeks) (P=0.010), and
longer median OS (not reached vs. 189.6 weeks)
(P=0.013). While cutaneous irAEs in total did not
correlate with outcomes, the subset of vitiligo
patients (n=8) had longer median PFS (not reached
vs. 60.4 weeks) (P=0.032), and the tendency towards
better therapeutic response (ORR 87.5% vs. 56.9%)
(P=0.186) and longer median OS (not reached vs.
229.3 weeks) (P=0.191). Interestingly, rare irAEs*
requiring high dose steroids (median onset of 7.7
weeks), were correlated with shorter median PFS
(28.1 vs. 90.0 weeks) (P=0.006) and shorter median
0S (120.0 weeks vs. not reached) (P=0.037).

Conclusions

The presence of irAE(s) serves as a prognostic
biomarker during PD-1 antibody monotherapy.
Application of high dose steroids impairs PD-1
antibody efficacy, and may impact subtype-specific
predictive values of different irAEs.
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Background

Ongoing clinical trials of cancer vaccines and
adoptive cell therapies target members of the
melanoma-associated antigen (MAGE-A) family,
highly prevalent in tumors. However, no multiplexed
diagnostic assay is available to quantify MAGE-A
expression for ideal patient selection. The
homologous nature with 50-80% sequence identity
between the MAGE-A genes poses significant
challenges to their specific detection in tumors. Due
to antibody cross-reactivity there is limited capability
of protein-specific assays to detect and distinguish
between the various MAGE-A antigens. Here, an RNA
ISH based assay was developed to assess and
quantitate MAGEA1, MAGEA3/6, MAGEA4,
MAGEA10 expression in normal and tumor tissue.

Methods

MAGEA (-A1, -A3, -A4, and -A10) specific probes
were designed targeting sequences with minimal
inter-gene identity. Tissue samples that passed
quality control were evaluated for MAGEA
expression. BaseScope™ LS Red ISH assays were
performed on Leica Bond RX using the BaseScope LS
kit on cell pellet arrays, tumor, and normal tissues.

Results
4 assays were developed, each designed to
specifically detect RNA encoding MAGE-A1, -A3/6, -

A4, or -A10. Experiments done in control cell lines (1
negative and 4 cells lines each expressing 1 of the 4
MAGEA genes) demonstrated that the assays were
highly specific and sensitive for their respective
target genes. MAGEA expression was assessed in 10
melanoma, head and neck, lung, and esophageal
cancer biopsies. Samples were assigned dot scores
based on semi-quantitative visual scoring of the
number of dots (RNA molecules)/cell. Moderate-high
expression of all 4 MAGEAs (score of 2-3) was
observed in biopsies from 1/1 melanoma patients,
2/3 lung cancer patients, and 1/4 head and neck
cancer patients. High MAGEA1 and 3 expression only
(score of 3) was observed in 3/4 head and neck
cancer patients. As expected, analysis of normal
tissue samples except for testes revealed minimal
signal.

Conclusions

Specific and sensitive BaseScope assays were
developed for MAGEA1, MAGEA3/6, MAGEA4, and
MAGEA10. The assays demonstrate inter-gene
specificity, are amenable to multiplexing, and can
potentially be used as a companion diagnostic in
clinical trials targeting MAGEA antigens.
Furthermore, these preliminary results demonstrate
that these 4 MAGE-A antigens are highly prevalent in
cancers such as head and neck, melanoma, and lung
and support the development of an active
immunotherapy based on Immune Design’s dendritic
cell-targeting ZVex® vector platform.

P18

Preliminary evaluation of a novel whole slide
multispectral assessment of seven markers:
Potential to minimize bias in the characterization of
the tumor immune environment

Carmen Ballesteros Merino, PhD?, Shawn Jensen,
PhD?, Carla Coltharp, PhD3, Kristin Roman, MS?,
Chichung Wang?, Nikhil Lonberg, HSDG?, Sebastian
Marwitz?, Tarsem Moudgil, MS?, William Miller, BS?,

155




William Redmond, PhD?, Yoshinobu Koguchi, MD,
PhD?, Carlo Bifulco, MD?, Clifford Hoyt, MS3, Bernard
A. Fox, PhD?

1Robert W Franz Cancer Center, Earle A Chiles
Research Insititute, Portland, OR, USA
2Robert W Franz Cancer Center, Earle A Chiles
Research Institute, Portland, OR, USA

3perkin Elmer, Hopkinton, MA, USA

Background

PD-L1 expression and tumor-mutational burden
enrich for patients that respond to checkpoint
blockade, but these evaluations are only a
component of the entire story. Recently, our lab
reported that evaluation of specific cell-cell
relationships provided a powerful biomarker for
overall survival in patients with HPV- head and neck
cancer (HNSCC). However, the areas selected for
analysis were operator selected “hot spots”. This
approach introduces the potential for unconscious
bias in the selection process. To address this, we
have sought to perform whole slide evaluations of
sections to compare with hot spot analysis. This
study is a preliminary report applying a novel set of
fluorophores and filters that allow the visualization
of seven colors on a whole slide.

Methods

Tissue samples included pellets of cultured
lymphocytes and tumor specimens. A sample of the
cultured lymphocytes that were fixed and embedded
were analyzed by flow cytometry for immune
markers. Formalin-fixed paraffin embedded (FFPE)
sections were stained with antibodies for CD8, CD68,
FoxP3, PD-1, PD-L1, cytokeratin and DAPI.
PerkinElmer Opal reagents were used to identify
markers and included standard and a new set of
fluorophores that included Opal 480, 520, 570, 620,
690, and 780. Slides were imaged using a new
scanning approach on a Vectra Polaris (PerkinElmer,
Inc, Waltham, MA).

Results

Preliminary comparison of cells that were used to
produce FFPE blocks by flow cytometry and
multiplex IHC provided similar results for some
markers. Determining optimal staining, exposure
times and thresholds for analysis for this new
method needs work, but the potential exists for
effective evaluation of a whole slide with 7 different
markers.

Conclusions

Our preliminary results provide reason to be
optimistic that this approach can assess 7 colors in a
whole slide. Whole sections l