150107930: KEYNOTE-100 BMx Manuscript

Molecular determinants of clinical outcomes of pembrolizumab in recurrent ovarian

cancer: exploratory analysis of KEYNOTE-100

Jonathan A. Ledermann®*, Ronnie Shapira-Frommer®, Alessandro D. Santin®, Alla S.
Lisyanskaya“, Sandro Pignata®, Ignace Vergote, Francesco Raspagliesi?, Gabe S. Sonke",
Michael Birrer', Diane M. Provencher!, Jalid Sehouli¥, Nicoletta Colombo"™, Antonio
Gonzalez-Martin", Ana Oaknin®, P. B. Ottevanger®, Vilius Rudaitis", Julie Kobie', Michael
Nebozhyn', Mackenzie Edmondson', Yuan Sun', Razvan Cristescu', Petar Jelinic", Stephen

M. Keefe', Ursula A. Matulonis®

@ Department of Oncology, UCL Cancer Institute, University College London, London,

United Kingdom

bThe Ella Lemelbaum Institute for Immuno-Oncology, Sheba Medical Center, Tel HaShomer

Hospital, Ramat Gan, Israel

¢ Department of Obstetrics, Gynecology, and Reproductive Sciences, Yale University, New

Haven, CT, United States

d Department of Oncogynecology, St. Petersburg City Clinical Oncology Dispensary, St.

Petersburg, Russia

¢ Department of Urology and Gynecology, Istituto Nazionale Tumori IRCCS Fondazione G.

Pascale, Naples Italy

"Department of Obstetrics and Gynaecology, Division of Gynecologic Oncology, University

Hospital Leuven, Leuven, Belgium

9Fondazione IRCCS lIstituto Nazionale dei Tumori, Milan, Italy



150107930: KEYNOTE-100 BMx Manuscript

h Department of Medical Oncology, Netherlands Cancer Institute, Amsterdam, Netherlands
'"UAMS Winthrop P. Rockefeller Cancer Institute, Little Rock, AR, United States

I Centre Hospitalier de I'Université de Montréal (CHUM), Institut du Cancer de Montréal,

Montreal, Canada

KGynecology with Center of Oncological Surgery, Charité-Medical University of Berlin,

Berlin, Germany
' Department of Medicine and Surgery, University of Milan-Bicocca, Milan, Italy
™ European Institute of Oncology, IRCCS, Milan, Italy

" Department of Medical Oncology and Program in Solid Tumors-Cima, Cancer Center
Clinica Universidad de Navarra, Madrid, Spain ° Vall d’Hebron University Hospital, Vall

d"Hebron Institute of Oncology (VHIO), Barcelona, Spain
P Medical Oncology, Radboud University Medical Center, Nijmegen, Netherlands

9Clinic of Obstetrics and Gynecology, Vilnius University Institute of Clinical Medicine,

Vilnius, Lithuania
"Merck & Co., Inc., Rahway, NJ, United States

*Division of Medical Oncology, Dana-Farber Cancer Institute, Boston, MA, United States

*Corresponding author:

Jonathan Ledermann, MD, FMedSci

Department of Oncology



150107930: KEYNOTE-100 BMx Manuscript

UCL Cancer Institute,
72 Huntley Street
London WC1E 6DD
United Kingdom

Email: j.ledermann@ucl.ac.uk

Phone: +44 20 3108 4261

Keywords (<6 words): ovarian cancer; pembrolizumab; gene expression signatures; tumor

mutational burden; tumor microenvironment cell phenotypes

Target Journal: Gynecol Oncol

Main Text [< 4000 words]: 3878 (excluding Tables, and Figure legends)
Abstract [<250 words]: 250

Tables and figures (<6): 2 tables/4 figures

References (<40): 32

Supplementary: 1 table/7 figures


mailto:j.ledermann@ucl.ac.uk

150107930: KEYNOTE-100 BMx Manuscript

HIGHLIGHTS (3-5 bullet points; <125 characters each, including spaces)

Association of molecular determinants with outcomes of pembrolizumab in advanced
recurrent ovarian cancer was evaluated. (122/125)

No evidence of associations between ORR and key axes of gene expression was
observed with pembrolizumab monotherapy. (119/125)

T-cell-inflamed GEP-adjusted glycolysis and hypoxia signatures were negatively
associated with clinical outcomes. (116/125)

Continuous TMB was not associated with efficacy, but TMB >175 mut/exome (= >10
mut/Mb) trended toward improved outcomes. (123/125)

Higher densities of myeloid cell phenotypes CD11c+ and

CD11c¢+/MHCII-/CD163—/CD68— trended toward improved efficacy. (118/125)
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ABSTRACT (249/<250 words)

Obijective. This prespecified exploratory analysis evaluated the association of gene
expression signatures, tumor mutational burden (TMB), and multiplex
immunohistochemistry (mIHC) tumor microenvironment-associated cell phenotypes with
clinical outcomes of pembrolizumab in advanced recurrent ovarian cancer (ROC) from the
phase Il KEYNOTE-100 study.

Methods. Pembrolizumab-treated patients with evaluable RNA-sequencing (n=317),
whole exome sequencing (n=293), or select mIHC (n=125) data were evaluated. The
association between outcomes (objective response rate [ORR], progression-free survival
[PFS], and overall survival [OS]) and gene expression signatures (T-cell-inflamed gene
expression profile [TcellinfGEP] and 10 non-Tcellin\GEP signatures), TMB, and prespecified
mIHC cell phenotype densities as continuous variables was evaluated using logistic (ORR)
and Cox proportional hazards regression (PFS; OS). One-sided p-values were calculated at
prespecified a=0.05 for Tcellin\GEP, TMB, and mIHC cell phenotypes and at a=0.10 for non-
TcellintGEP signatures; all but Tcellin\GEP and TMB were adjusted for multiplicity.

Results. No evidence of associations between ORR and key axes of gene expression
was observed. Negative associations were observed between outcomes and TcellintGEP-
adjusted glycolysis (PFS, adjusted-p=0.019; OS, adjusted-p=0.085) and hypoxia (PFS,
adjusted-p=0.064) signatures. TMB as a continuous variable was not associated with
outcomes (p>0.05). Positive associations were observed between densities of myeloid cell
phenotypes CD11c* and CD11c*/MHCII/CD1637/CD68" in the tumor compartment and
ORR (adjusted-p=0.025 and 0.013, respectively).

Conclusions. This exploratory analysis in advanced ROC did not find evidence for
associations between gene expression signatures and outcomes of pembrolizumab. mIHC

analysis suggests CD11c* and CD11c*/MHCIIT/CD1637/CD68™ phenotypes representing
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myeloid cell populations may be associated with improved outcomes with pembrolizumab in
advanced ROC.

Clinical trial registration: ClinicalTrials.gov, NCT02674061.
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1. Introduction

Ovarian cancer is the leading cause of gynecologic cancer—related mortality in women [1].
Guideline-recommended therapies for patients with recurrent epithelial ovarian, fallopian
tumor, or primary peritoneal cancer include chemotherapy and single-agent targeted therapies
(bevacizumab, niraparib, olaparib, and rucaparib) [2]. Other recommended therapies include
anti—programmed cell death 1 (PD-1) monoclonal antibodies dostarlimab-gxly for patients
with recurrent or advanced tumors characterized as microsatellite instability-high (MSI-H) or
deficient mismatch repair (dMMR) and pembrolizumab for patients with unresectable or
metastatic MSI-H/dMMR or tumor mutational burden (TMB)-high (>10

mutations/megabase) tumors [3,4].

Investigation of clinical outcomes with anti—PD-1/programmed death ligand 1 (PD-1/L1)
immunotherapies in patients with recurrent ovarian cancer (ROC) has demonstrated minimal
antitumor activity when administered as monotherapy [5-9]. In the 2-cohort, single-arm,
phase Il KEYNOTE-100 study in patients with advanced ROC who previously received 1-3
(cohort A) or 4-6 (cohort B) prior lines of therapy, pembrolizumab monotherapy
demonstrated low antitumor activity in the overall study population (N = 376; objective
response rate [ORR], 8.0%) [6]. ORR increased with increasing PD-L1 combined positive
score (CPS; CPS <1, 5.0%; CPS >1, 10.2%; CPS >10, 17.1%) and this trend was consistent
within both cohorts of the study [6]. Data from tumor samples from patients enrolled in the
KEYNOTE-100 study have been previously included in pan-tumor analyses evaluating the
association between TMB and gene expression signatures with clinical outcomes of
pembrolizumab monotherapy [10-12]. In one such pan-tumor analysis, TMB was found to be
significantly associated with clinical outcomes of pembrolizumab, with TMB >175

mutations/exome (via whole-exome sequencing [WES]; equivalent to >10
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mutations/megabase via FoundationOne®CDx [10]) associated with a clinically meaningful
improvement in the efficacy of pembrolizumab monotherapy [11]. Gene expression
signatures such as the interferon-y—related 18-gene T-cell-inflamed gene expression profile
(TcellinfGEP) and 10 other non-TcellinGEP signatures from tumor microenvironment
(TME)-associated cell types have been evaluated across several tumor types, with some of

these signatures significantly associated with response to pembrolizumab [12].

Myeloid-derived suppressor cells (MDSCs) suppress T-cell responses in the TME, and high
infiltration of MDSCs in solid tumors has been shown to correlate with poor response to
immune checkpoint inhibitors [13-17]. Recently, multiplex immunohistochemistry (mIHC)
analysis of baseline tumors in patients with locally advanced triple-negative breast cancer
showed that the density of certain myeloid cell phenotypes within the tumor compartment,
including CD11c* (macrophage and dendritic cell), CD11¢c*/MHCII*/CD163 /CD68"
(dendritic cell), CD11c*/MHCII/CD163/CD68" (nonactivated/immature dendritic cell), and
CD11c*/CD163" (M2 macrophage) phenotypes, displayed a promising positive association
trend with pathologic complete response following neoadjuvant pembrolizumab plus

chemotherapy.

To improve the understanding of immune interactions in the TME and possibly elucidate
drivers of pembrolizumab response or/resistance in advanced ROC, we performed an
exploratory analysis of KEYNOTE-100 on the association of gene expression signatures
(Tcellin'GEP and non-TcellinfGEP signatures), TMB, and the density of mIHC TME-

associated cell phenotypes with clinical outcomes of pembrolizumab.
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2. Materials and methods
2.1.  Study design, participants, and treatment

Study design and eligibility criteria of the KEYNOTE-100 study (ClinicalTrials.gov
identifier: NCT02674061) have been published [6]. Briefly, adult patients with recurrent
advanced epithelial ovarian cancer, fallopian tube cancer, or primary peritoneal cancer,
disease progression after platinum-based therapy, documented evidence of clinical response
or disease stabilization on the last treatment regimen received, measurable disease at baseline
per Response Evaluation Criteria in Solid Tumors version 1.1 (RECIST v1.1), Eastern
Cooperative Oncology Group (ECOG) performance status of 0 or 1, life expectancy >16
weeks, and normal organ function were eligible for the study; archival formalin-fixed
paraffin-embedded block specimens of tumor tissue from prior cytoreductive surgery or
newly obtained tumor tissue at screening was required. Key exclusion criteria included prior

anti-PD-1/L1 therapy.

The study enrolled 2 cohorts. Patients in cohort A had received 1 to 3 prior lines of treatment
and had a platinum-free interval (PFI; time elapsed between the last dose of platinum and
documented evidence of disease progression per RECIST v1.1) or treatment-free interval
(TFI; time elapsed between the last dose of the regimen received and documented evidence
of disease progression per RECIST v1.1) of 3 to 12 months based on the last regimen
received. Patients in cohort B had received 4 to 6 prior lines of treatment and had a PFI/TFI
of >3 months based on the last regimen received. In both cohorts, patients received
pembrolizumab 200 mg intravenously every 3 weeks for <35 cycles (~2 years) or until
disease progression, unacceptable toxicity, investigator decision, noncompliance, or patient

withdrawal of consent.
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The study protocol and all amendments were approved by the institutional review board or
ethics committee at each participating institution. The study was conducted in accordance
with the protocol, its amendments, the ethical principles originating from the Declaration of
Helsinki, and Good Clinical Practice guidelines. Written informed consent was provided by

all patients before enrollment.
2.2.  Outcomes

The RNA-sequencing objectives for this exploratory analysis were to evaluate the
association of the TcellinGEP and 10 non-TcellinGEP signatures (angiogenesis, glycolysis,
granulocytic MDSC [gMDSC], hypoxia, monocytic MDSC [MMDSC], MYC, proliferation,
RAS, stroma/ epithelial-to-mesenchymal transition [EMT]/transforming growth factor-beta
[TGF-pB], and WNT) as continuous variables with clinical outcomes (ORR, progression-free
survival [PFS], and overall survival [OS]) of pembrolizumab. The WES objectives were to
evaluate the association between TMB as a continuous variable and clinical outcomes (ORR,
PFS, and OS) of pembrolizumab, as well as the impact of TMB on efficacy estimates based
on a prespecified cutoff of 175 mutations/exome. The mIHC objectives were to evaluate the
association between a prespecified subset of the mIHC cell phenotypes (CD11c*
[macrophage and dendritic cell], CD11¢c*/MHCII*/CD163/CD68™ [dendritic cell],
CD11c*/MHCII/CD163/CD68™ [nonactivated/immature dendritic cell], and
CD11c*/CD163" [M2 macrophage]) and clinical outcomes (ORR, PFS, and OS) of
pembrolizumab, as well as to descriptively evaluate the association of select mIHC cell
phenotypes (Foxp3*, CD8*/GB*/Ki67", and CD11c*/MHCII"/CD163/CD68™; based on high
discriminatory ability in the tumor compartment relative to other phenotypes) in the tumor

compartment, stromal compartment, and the overall TME with response. The correlations of

10
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densities of mIHC cell phenotypes in tumor compartment and PD-L1 CPS, and densities of

mIHC cell phenotypes in tumor compartment and TcellinsGEP, were also evaluated.
2.3.  Assessments

RNA-sequencing was performed using the HiSeq 3000/HiSeq 4000 platform
(Mumina Inc., CA, USA) on baseline tumor specimens provided during screening. Analysis
of the RNA-sequencing raw reads and subsequent gene expression quantification were as
previously described [12]. The Tcellin\GEP signature score was calculated as the weighted
sum of normalized expression values for 18 genes determined as predictors of response in the
pan-tumor setting on the NanoString platform [18]. Scores for the 10 non-TcellinGEP
signatures were calculated as the average of the consensus genes (on the logarithmic scale) in

each signature gene set as previously described [12].

TMB was determined via WES (mutations/exome) of tumor samples and matched DNA.
TMB was defined as the number of somatic nonsynonymous single nucleotide variants and

indels that met predetermined criteria as previously described [11,19].

TME-associated cell populations of activated and inactive CD8 T cells, CD8 T cells enriched
for antigen specificity, total and regulatory T cells, tumor-associated fibroblasts, total and M2
macrophages, and dendritic cells were quantified in baseline tumor samples using mIHC
analysis on whole slide images with the Halo software (Indica Labs, Albuquerque, NM;
Supplementary Figs. S1 and S2). mIHC was performed using the Vectra Polaris Imaging
System (Akoya Biosciences, Marlborough, MA) with two 6-plex panels: activated T-cell
panel (CD103/CD39/Granzyme B/CD8/Cytokeratin/Ki67) and modified
myeloid/stroma/Treg panel (CD68/CD163/ CD11c/MHCII/FAP/FoxP3). mIHC sample
preparation, staining, and quantitative imaging were performed as described in

Supplementary Text 1.
11
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The number of positive cells per mm? (i.e. density) was calculated for each analyte in the
tumor compartment, stromal compartment, and the overall TME. Tumor/stromal
compartment classification and analysis algorithm outputs for each stain in each specimen

were reviewed by pathologists for quality.

PD-L1 expression was determined using PD-L1 IHC 22C3 pharmDx (Agilent Technologies
Inc.). PD-L1 CPS was calculated as the number of PD-L1-staining cells (tumor cells,
lymphocytes, and macrophages) divided by the total number of viable tumor cells, multiplied

by 100.

Tumor response was assessed by computed tomography or magnetic resonance imaging
every 9 weeks for the first 54 weeks, and every 12 weeks thereafter. ORR was defined as the
proportion of patients in the analysis population who had a complete response or partial
response per RECIST v1.1 by blinded independent central review (BICR). PFS was defined
as the time from first dose to the first documented disease progression per RECIST v1.1 by
BICR or death due to any cause, whichever occurred first. OS was defined as the time from

first dose to death due to any cause.
2.4.  Statistical analysis

The analysis population comprised all pembrolizumab-treated patients in the
KEYNOTE-100 study with clinical data and evaluable RNA-sequencing data, evaluable
WES data, or mIHC (activated T-cell panel or modified myeloid panel) data; the mIHC
population was selected to include responders at an ~1:3 ratio of responders to nonresponders
matched by histology. Analyses were performed according to a scientific and statistical
analysis plan developed prior to merging clinical data with biomarker assessment, specifying

where statistical testing would be used and what biomarker cutoffs defined the subgroups.
12
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The association between clinical outcomes and the RNA-based gene expression signature
scores, WES-based TMB (logio scale), and the prespecified subset of mIHC cell phenotypes
as continuous variables was evaluated using logistic regression (ORR) and Cox proportional
hazards regression (PFS and OS), with adjustments for ECOG performance status; the 10
non-TcellinfGEP signatures scores were also adjusted for TcellinsGEP. Adjustment for
TcellinfGEP was performed to understand the additional explanatory value that any of the
non-TcellinfGEP signatures had for clinical outcome—an approach equivalent to evaluating
the association between clinical outcome and the residuals of consensus signatures after
detrending for their relationship with the TcellinfGEP. p-values for the 10 non-TcellinsGEP
and mIHC cell phenotypes were adjusted for multiplicity; p-values for the TcellinsGEP
signature and TMB scores were not adjusted for multiplicity due to prior validation in pan-

tumor datasets [11,12,18,19].

For the Tcellin\GEP signature, positive associations were hypothesized and one-sided p-
values were calculated (prespecified significance level, a = 0.05). For the 10 non-TcellinfGEP
signatures, negative associations were hypothesized (except for proliferation, which had a
hypothesized positive association) and one-sided multiplicity-adjusted P values were
calculated (prespecified significance level, o = 0.10); this level of significance was used due
to limitations in power. To determine the general discriminatory ability of TcellinGEP, the
association between TcellinsGEP as a continuous variable and response was evaluated using
the area under the receiver operating characteristic curve (AUROC). The impact of the non-
TcellinsGEP signatures on efficacy estimates was assessed using the signature-specific
TcellinfGEP-adjusted median (>median vs <median).

The association of TMB (logio scale) as a continuous variable with clinical outcomes was

evaluated using one-sided P values at a prespecified significance level of o = 0.05. To

13
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determine the general discriminatory ability of TMB, the association between TMB as a
continuous variable and response was evaluated using the AUROC. The impact of TMB on
efficacy estimates was assessed using a prespecified cutoff of 175 mutations/exome (>175 vs
<175 mutations/exome).

For the association between densities of prespecified subsets of mIHC cell phenotypes and
clinical outcomes, a positive association was hypothesized; one-sided p-values were adjusted
for multiplicity (prespecified significance level, a = 0.05). To determine the general
discriminatory ability of the prespecified subsets of mIHC cell phenotypes in the tumor
compartment, as well as other selected mIHC cell phenotypes in the tumor compartment,
stromal compartment, and the overall TME, the association between their densities and

response was evaluated using the AUROC.

The evaluation of the correlation of select biomarkers was performed using Spearman’s
correlation analysis of matched dual biomarker data. The database cutoff for clinical data

used in this study was February 2, 2018.

3. Results
3.1. Patients

In the overall study population of KEYNOTE-100, median follow-up duration,
defined as the time from first dose to death or database cutoff, was 16.9 months (range, 8.5—
18.5) [6]. Of the 376 patients who received >1 dose of pembrolizumab monotherapy, 317
(84.3%) had evaluable RNA-sequencing data, 293 (77.9%) had evaluable WES data, 125
(33.3%) had mIHC activated T-cell panel data, and 124 (33.0%) had mIHC modified myeloid

panel data. Baseline characteristics in the RNA, WES, and mIHC populations were generally

14
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similar to those of the total study population (Table 1). Efficacy data for the RNA, WES, and

mIHC populations are presented in Table 1.
3.2. Association of RNA-sequencing gene expression signatures with clinical outcomes

When TcellinfGEP was evaluated as a continuous variable, no significant association
with clinical outcomes was observed (Table 2). Tcellin«GEP trended higher in responders (n =
28) than nonresponders (n = 289; Fig. 1A) and the AUROC for Tcellin\GEP discriminating
between responders and nonresponders was 0.57 (95% confidence interval [Cl], 0.44—0.71,
Fig. 1B). When non-TcellinfGEP signatures were evaluated as continuous variables, no
significant association with ORR was observed.

The TcellinfGEP-adjusted glycolysis and hypoxia signatures were negatively associated with
longer-term clinical outcomes (glycolysis: PFS, adjusted p = 0.019, OS, adjusted p = 0.085;
hypoxia: PFS, adjusted p = 0.064), although the magnitude of the associations was limited.
When evaluating efficacy estimates using the median of the Tcelli«GEP-adjusted glycolysis
or hypoxia signatures to define subgroups for illustrative purposes, the glycolysis >median (n
= 159) versus glycolysis <median (n = 158) subgroups had comparable median PFS estimates
(9.0 weeks [95% ClI, 9.0-not estimable (NE)] versus 9.6 weeks [95% ClI, 9.1-NE];
Supplementary Fig. S3A). Similarly, the hypoxia >median (n = 158) versus hypoxia <median
(n = 159) subgroups had comparable median PFS estimates (9.0 weeks [95% CI, 8.9-NE]
versus 9.6 weeks [95% CI, 9.1-NE]; Supplementary Fig. S3B). No significant associations
were observed for other non-TcellinfGEP signatures and longer-term clinical outcomes after
multiplicity adjustment (Table 2). The distribution of all 10 non-TcellinfGEP signature scores
after adjusting for TcellinfGEP showed an overall trend toward numerically higher medians in

nonresponders than in responders (Fig. 2).

15
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3.3.  Association of WES TMB with clinical outcomes

When TMB was evaluated as a continuous variable, no significant association with
clinical outcome was observed (ORR, p = 0.556; PFS, p = 0.834; OS, p = 0.891). TMB score
distributions were similar between responders (n = 23) and nonresponders (n = 270; Fig. 1C)
and the AUROC for TMB discriminating between responders and nonresponders was 0.50
(95% ClI, 0.36-0.63; Fig. 1D). When evaluating efficacy estimates based on a prespecified
cutoff for the TMB >175 mutations/exome (n = 12) versus TMB <175 mutations/exome (n =
281) subgroups, ORR was 16.7% (95% CI, 2.1-48.4) versus 7.5% (95% ClI, 4.7-11.2),
median PFS was 18.0 weeks (95% ClI, 8.9-NE) versus 9.1 weeks (95% CI, 9.1-NE), and

median OS was 76.4 weeks (95% CI, 56.1-NE) versus 83.3 weeks (95% ClI, 73.0-NE).
3.4.  Association of mIHC cell phenotypes with clinical outcomes

When the prespecified subset of mIHC cell phenotypes in the tumor compartment was
evaluated as continuous variables, significant positive associations were observed for ORR
and the CD11c" (adjusted p = 0.025) and CD11c*/MHCII"/CD163/CD68™ (adjusted p =
0.013) phenotypes (Table 2). The densities of CD11c*, CD11c*/MHCII"/CD1637/CD68", and
CD11c*/CD163" phenotypes trended greater in responders than nonresponders, whereas the
density of CD11c*/MHCII*/CD1637/CD68" trended greater in nonresponders than responders
(Fig. 3). The AUROC for the phenotypes discriminating between responders and
nonresponders was 0.59 (95% Cl, 0.45-0.73) for CD11c*, 0.61 (95% ClI, 0.47-0.75) for
CD11c*/MHCIIT/CD1637/CD68", 0.44 (95% ClI, 0.31-0.56) for
CD11c*/MHCII*/CD163/CD68", and 0.58 (95% ClI, 0.44-0.71) for CD11c*/CD163" (Fig.

3).

16
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We further descriptively evaluated select mIHC phenotypes Foxp3*, CD8*/GB*/Ki67*, and
CD11c*/MHCII/CD163/CD68 by spatial localization; these phenotypes all showed high
discriminatory ability in the tumor compartment relative to other phenotypes based on
AUROC. The densities of Foxp3*, CD8"/GB*/Ki67*, and CD11c*/MHCII"/CD163/CD68"
phenotypes in the tumor compartment were greater in responders than nonresponders (Fig.
4A); the AUROC for the phenotypes discriminating between responders and nonresponders
was 0.67 (95% CI, 0.54-0.80) for Foxp3*, 0.65 (95% CI, 0.52-0.77) for CD8*/GB*/Ki67",
and 0.61 (95% ClI, 0.47-0.75) for CD11c*/MHCII"/CD1637/CD68" (Supplementary Fig.
S4A). The densities of Foxp3*, CD8*/GB*/Ki67", and CD11c*/MHCII"/CD163/CD68~
phenotypes in the stromal compartment were greater in responders than nonresponders (Fig.
4B); the AUROC for the phenotypes discriminating between responders and nonresponders
was 0.69 (95% ClI, 0.57-0.81) for Foxp3*, 0.62 (95% CI, 0.50-0.74) for CD8*/GB*/Ki67",
and 0.66 (95% ClI, 0.54-0.79) for CD11c*/MHCII7/CD163 /CD68" (Supplementary Fig.
S4B). The densities of Foxp3*, CD8*/GB*/Ki67*, and CD11c*/MHCII"/CD1637/CD68"
phenotypes in the overall TME trended greater in responders than nonresponders (Fig. 4C);
the AUROC for the phenotypes discriminating between responders and nonresponders was
0.70 (95% CI, 0.58-0.82) for Foxp3*, 0.64 (95% CI, 0.52-0.76) for CD8*/GB*/Ki67", and

0.66 (95% Cl, 0.53-0.78) for CD11c*/MHCII/CD163/CD68" (Supplementary Fig. S4C).

When the select mIHC cell phenotype densities in the tumor compartment were evaluated by
PFI/TFI, densities of Foxp3*, CD8"/GB*/Ki67*, and CD11c*/MHCII"/CD163/CD68~
phenotypes trended greater in responders than nonresponders at PFI/TFI cutoffs of 3 to <6
months and 6 to 12 months (Supplementary Fig. S5). There was a positive correlation

between phenotype densities and PD-L1 CPS for Foxp3* (Spearman’s p = 0.57),

CD8*/GB*/Ki67" (Spearman’s p = 0.53), and CD11c¢*/MHCII"/CD1637/CD68 (Spearman’s

17
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p = 0.39) phenotypes (Supplementary Fig. S6). Similarly, there was a positive correlation
between phenotype densities and Tcellin\GEP for the Foxp3™ (Spearman’s p = 0.61),
CD8*/GB*/Ki67" (Spearman’s p = 0.61), and CD11c*/MHCII"/CD163/CD68" (Spearman’s

p = 0.41) phenotypes (Supplementary Fig. S7).
4. Discussion

In this retrospective prespecified exploratory analysis of KEYNOTE-100, the
TcellinfGEP-adjusted glycolysis and hypoxia signatures were significantly negatively
associated with longer-term clinical outcomes of pembrolizumab when tested on the
continuous scale. Further, analysis by the predetermined TMB cutoff of 175 mutations/exome
(equivalent to 10 mutations/megabase) showed that response to pembrolizumab was higher in
the TMB >175 mutations/exome subgroup compared with the TMB <175 mutations/exome
subgroup. Additionally, the densities of CD11c" and CD11¢c*/MHCII"/CD163/CD68~
phenotypes in the tumor compartment were significantly positively associated with ORR to

pembrolizumab when tested on the continuous scale.

Although a trend for higher TcellinGEP signature scores was observed in responders
compared with nonresponders, TcellinfGEP tested as a continuous variable was not
significantly associated with ORR, PFS, and OS. Similarly, none of the non-TcellinsGEP
signatures tested were significantly associated with objective response, although angiogenesis
and stroma/EMT/TGF-f signatures had distribution trends for responders versus
nonresponders, which appear consistent with exploratory studies in the pan-tumor [12,19]
and tumor-specific [20, 21] settings. Unlike the TcellinGEP, the TcellinfGEP-adjusted
glycolysis and hypoxia gene expression signatures showed significant negative associations
with PFS and/or OS, suggesting that these signatures are potential biomarkers of worse

clinical outcomes. Although the magnitude of the associations was limited, this observation is
18
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consistent with the known association of tumor hypoxia with therapy resistance and poor
outcomes in patients with cancer [22], and so may reflect an association that is not a
predictive biomarker of pembrolizumab resistance but rather a general prognostic finding.
Likewise, the glycolysis pathway is recognized as a potential antitumor therapy target [23-26]
given that tumor cell phenotypes are characterized by an altered energy metabolism,
involving the preferential dependence on the glycolysis pathway for energy in an oxygen-

dependent manner [23, 25].

Our evaluation of efficacy estimates based on a prespecified TMB (determined by WES)
cutoff of 175 mutations/exome showed numerically higher ORR, numerically longer median
PFS, and numerically shorter median OS in patients with TMB >175 mutations/exome versus
<175 mutations/exome. These observations for ORR and PFS are consistent with findings in
the pan-tumor setting, which showed that a TMB of >175 mutations/exome is associated with
response to pembrolizumab [11] and lends further credence to the potential utility of the
TMB >175 mutations/exome for selecting patients who may respond effectively to
pembrolizumab in the clinical setting. However, the small sample size in the TMB >175
mutations/exome subgroup (n = 12) may introduce variability to the findings of this
subgroup analysis, including the contrasting observations with the efficacy estimates for OS

versus PFS and ORR.

Studies in other tumor types have shown that the presence of certain cell phenotypes
frequently detected in the TME are significantly correlated with outcomes of pembrolizumab
[27-30]. Consistent with such findings, our evaluation of the prespecified subset of mIHC
phenotypes showed that the densities of CD11c" and CD11c*/MHCII-/CD163/CD68"
phenotypes were associated with improved response to pembrolizumab in the advanced ROC

setting. Given the complex roles of immune cell infiltrates in the TME and the possibility of
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subset heterogeneity within each type of immune cell [31], further studies are needed to
elucidate the potential mechanisms through which CD11c* and
CD11c*/MHCIIZ/CD163/CD68™ phenotype enrichment may improve response in this setting
as well as validate the role of the CD11c* and CD11c*/MHCII-/CD163/CD68™ phenotypes

as biomarkers of response to pembrolizumab.

When the densities of select mIHC phenotypes were evaluated across the tumor and stromal
compartments and the overall TME, a similar trend of higher densities of Foxp3™,
CD8*/GB*/Ki67", and CD11c*/MHCII"/CD163/CD68™ phenotypes in responders versus
nonresponders was observed, suggesting that these phenotypes may serve as biomarkers of
response regardless of the tissue compartment examined. When these phenotypes were
further evaluated by PFI/TFI, higher densities of Foxp3*, CD8"/GB*/Ki67*, and
CD11c*/MHCII/CD163/CD68" phenotypes were observed in responders than
nonresponders at PFI/TFI cutoffs of 3 to <6 months and 6 to 12 months; an important caveat
is that this observation may be limited by the small sample size of the subgroups and by high

variability across patients.

This exploratory analysis is the largest study of an anti-PD-1 monotherapy in patients with
advanced ROC, and the study population had a good distribution of prior lines of therapies.
Another strength of this analysis is that the evaluable RNA-sequencing (84.3%) and TMB
(77.9%) populations comprised a high proportion of the total study population; thus,
inferences drawn from these respective datasets are largely representative of the KEYNOTE-
100 study population. However, the single-arm nature of the KEYNOTE-100 study precludes
an interpretation of the predictive role of the molecular determinants evaluated in this
exploratory study; a comparator arm is needed for validation. Other limitations include the

low number of responders in the overall population; the low prevalence of patients with TMB
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>175 mutations/exome (4.1%; 12/293; equivalent to >10 mutations/megabase); and the
selection of the mIHC population to include responders as well as the selected mIHC
population comprising only 33.2% of the overall treated patients in the KEYNOTE-100

study.

In conclusion, this exploratory analysis from the KEYNOTE-100 study did not find evidence
for associations between gene expression signatures on the continuous scale and clinical
outcomes to pembrolizumab. Although this analysis suggests that lower levels of
TcellinfGEP-adjusted glycolysis and hypoxia gene expression signatures, as determined by
univariate analysis, may be associated with improved longer-term outcomes, there was no
evidence of an association between these 2 gene expression signatures and objective
response. Currently, several clinical trials investigating the efficacy of combination therapy
targeting PD-1/L1 and hypoxia- or glycolysis-related gene targets in ovarian cancer are
ongoing: a phase Il study (NCT03827837) is investigating the tyrosine kinase inhibitor
famitinib in combination with the anti-PD-1 monoclonal antibody camrelizumab in patients
with advanced tumors (including ROC) and another phase Il study (NCT04068974) is
investigating the combination of the tyrosine kinase inhibitor apatinib (which suppresses
glycolysis by targeting vascular endothelial growth factor receptor-2 [32]) and camrelizumab
in patients with recurrent platinum-resistant ovarian cancer. In addition, we also show that the
TMB >175 mutations/exome subgroup had better clinical outcomes to pembrolizumab versus
TMB <175 mutations/exome and that higher densities of CD11c* and
CD11c*/MHCIIT/CD1637/CD68™ phenotypes representing myeloid cell populations may be
associated with improved outcomes of pembrolizumab in patients with advanced ROC. With
respect to the mIHC cell phenotype evaluation, CD8" signatures appeared to show stronger

association with clinical response than CD11" signatures.
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TABLES

Table 1. Baseline characteristics and clinical outcomes in the analysis populations. Data are n (%) unless otherwise specified.

Overall study RNA-sequencing | WES population | mIHC activated mIHC modified
population population n=293 T-cell panel myeloid panel
N =376 n=2317 population population
n=125 n=124
Cohort
A 285 (75.8) 240 (75.7) 219 (74.7) 93 (74.4) 92 (74.2)
B 91 (24.2) 77 (24.3) 74 (25.3) 32 (25.6) 32 (25.8)
PD-L1 status®
CPS <1 139 (37.0) 117 (36.9) 102 (34.8) 39 (31.2) 38 (30.6)
CPS >1 202 (53.7) 175 (55.2) 161 (54.9) 75 (60.0) 75 (60.5)
CPS >10 83 (22.1) 73 (23.0) 63 (21.5) 35 (28.0) 35 (28.2)
Platinum sensitivity®
Refractory (PFI, <4 weeks) 4(1.1) 3(0.9) 2 (0.7) 2 (1.6) 2 (1.6)
Resistant (PFI, >1 to <6 months) 141 (37.5) 120 (37.9) 109 (37.2) 48 (38.4) 48 (38.7)
Partially sensitive (PFI, 6-12 months) | 128 (34.0) 104 (32.8) 98 (33.4) 43 (34.4) 42 (33.9)
Sensitive (PFI, >12 months) 18 (4.8) 17 (5.4) 16 (5.5) 8 (6.4) 8 (6.5)
ECOG performance status
0 242 (64.4) 198 (62.5) 189 (64.5) 87 (69.6) 86 (69.4)
1 134 (35.6) 119 (37.5) 104 (35.5) 38 (30.4) 38 (30.6)
Histology®©
High-grade serous 283 (75.3) 236 (74.4) 216 (73.7) 106 (84.8) 105 (84.7)
Endometrioid 28 (7.4) 22 (6.9) 24 (8.2) 0 (0) 0(0)
Low-grade serous 21 (5.6) 0(0) 0(0) 0(0) 0(0)
Clear cell 19 (5.1) 17 (5.4) 17 (5.8) 12 (9.6) 12 (9.7)
Other 25 (6.6) 42 (13.2) 36 (12.3) 7 (5.6) 7 (5.6)
Outcomes
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ORR! 30 (8.0) 28 (8.8) 23 (7.8) 28 (22.4) 28 (22.6)
PFS, median (95% CI), weeks 9.1(9.1-9.4) 9.1(9.1-9.4) 9.1(9.1-9.4) 9.0 (9.0-9.1) 9.0 (9.0-9.1)
0S, median (95% CI), weeks 81.1(73.9NE) |NE(749-NE) |80.0 (73.0-NE) | NE (75.9-NE) NE (75.9-NE)

Abbreviations: ClI, confidence interval; CPS, combined positive score; ECOG, Eastern Cooperative Oncology Group; mIHC, multiplex
immunohistochemistry; NE, not estimable; ORR, objective response rate; OS, overall survival; PD-L1, programmed cell death ligand 1; PFl,

platinum-free interval; PFS, progression-free survival.

4Biomarker analyses used CPS as a continuous variable; results may differ from CPS as a categorical variable. PD-L1 status data was missing for
35 (9.3%), 25 (7.9%), 30 (10.2%), 11 (8.8%), and 11 (8.9%) patients in the overall, RNA-sequencing, WES, mIHC activated T-cell panel, and

mIHC modified myeloid panel populations, respectively.

bPlatinum sensitivity was determined as “other” in 85 (22.6%), 73 (23.0%), 68 (23.2%), 24 (19.2%), and 24 (19.4%) patients in the overall,

RNA-sequencing, WES, mIHC activated T-cell panel, and mIHC modified myeloid panel populations, respectively.
°Not specified as low- or high-grade serous or listed as papillary serous; unclassified or listed as adenocarcinoma or carcinoma; or transitional.

dConfirmed complete or partial response per RECIST v1.1 by blinded independent central review.
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Table 2. Association p-values® between RNA-sequencing gene expression signatures (n = 317) and prespecified mIHC cell phenotype densities

in the tumor compartment (n = 124) and clinical outcomes.

Molecular determinants

| ORR per RECIST v1.1 | PFS per RECIST v1.1 | OS

Gene expression signatures

TcellindGEP 0.172 0.163 0.590

Adjusted for TcellinfGEP
Angiogenesis 0.673 0.780 0.989
Glycolysis 0.673 0.019 0.085
gMDSC 0.673 0.999 0.989
Hypoxia 0.673 0.064 0.266
mMDSC 0.673 0.999 0.989
MYC 0.673 0.129 0.989
Proliferation 0.673 0.999 0.989
RAS 0.528 0.692 0.989
Stroma/EMT/TGFf 0.673 0.999 0.989
WNT 0.673 0.999 0.989

mIHC cell phenotypes

CD11c" 0.025 0.273 0.182

CD11c’/MHCII*/CD1637/CD68” | 0.419 0.526 0.597

CD11c*/MHCII'/CD1637/CD68~ | 0.013 0.167 0.182

CD11c*/CD163" 0.128 0.526 0.322

Abbreviations: ECOG, Eastern Cooperative Oncology Group; EMT, epithelial-to-mesenchymal transition; gMDSC, granulocytic myeloid-
derived suppressor cell; mMDSC, monocytic myeloid-derived suppressor cells; ORR, objective response rate; OS, overall survival; PFS,
progression-free survival; RECIST v1.1, Response Evaluation Criteria in Solid Tumors version 1.1; TcellintGEP, T-cell-inflamed gene

expression profile; TGF-p, transforming growth factor-beta.
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All models include additional covariates of ECOG performance status (all gene expression signatures and mIHC cell phenotypes) and
TcellintGEP (non-TcellinfGEP signatures only).

Positive associations were hypothesized for TcellintGEP and proliferation signatures and mIHC cell phenotypes; negative associations were
hypothesized for the non-TcellinfGEP signatures except for proliferation. Bolded p-values indicate multiplicity-adjusted statistical significance
(mIHC cell phenotypes, a = 0.05; non-TcellinfGEP signatures, oo = 0.10).

?One-sided Wald test for nominal or multiplicity-adjusted p-values for signatures using logistic regression (ORR) or Cox proportional hazards

regression (PFS; OS).
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FIGURES

Fig. 1. Response status and AUROC for (A-B) Tcellin\GEP and (C-D) TMB.
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Abbreviations: AUROC, area under the receiver operating characteristic curve; CR, complete

response; NR, nonresponders; PR, partial response; R, responders; TcellinfGEP, T-cell-

inflamed gene expression profile; TMB, tumor mutational burden.
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Fig. 2. Association of non-TcellinfGEP signatures adjusted for the Tcellin\GEP with response.
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cell-inflamed gene expression profile; TGF-, transforming growth factor-beta.
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Fig. 3. Response status and AUROC for prespecified mIHC cell phenotype densities in the
tumor compartment. (A-B) CD11c", (C-D) CD11c*/MHCII"/CD1637/CD68", (E-F)

CD11c*/MHCII*/CD1637/CD68™, and (G-H) CD11c*/CD163".
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Fig. 4. Response status for Foxp3*, CD8"/GN*/Ki67*, and CD11c*/MHCII/CD163/CD68~

mIHC densities by spatial localization. (A) Tumor compartment. (B) Stromal compartment.

(C) Overall TME.
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Supplementary materials for: Molecular determinants of clinical outcomes of
pembrolizumab in recurrent ovarian cancer: exploratory analysis of KEYNOTE-100

Authors: J.A. Ledermann et al

Supplementary Text 1. mIHC staining and quantitative imaging

Briefly, 5 um sections were cut from formalin-fixed paraffin-embedded tissue blocks and
baked at 60°C for 1 h, then deparaffinized and rehydrated with serial passage through
changes of xylene and graded ethanol. Thereafter, slides were subjected to heat-induced
epitope retrieval in 1x Target Retrieval Solution (Agilent Technologies Inc., Carpinteria,
CA). Endogenous peroxidase in tissues was blocked by incubation of slides in 3% hydrogen
peroxide solution followed by protein blocking with PKI buffer (Akoya Biosciences,
Marlborough, MA). Six-plex staining was conducted on a Bond RX stainer (Leica
Biosystems, Buffalo Grove, IL) using tyramide signal amplification (TSA)—based Opal
multiplexing reagents (Akoya Biosciences). Each primary antibody (Supplementary Table
S1) was incubated for 60 minutes, followed by Opal polymer horseradish peroxidase
secondary and TSA-conjugated Opal fluorophore application (Akoya Biosciences). Antibody
stripping was performed using epitope retrieval 1 buffer (Leica Biosystems) after each
staining cycle. Nuclei were detected using Spectral DAPI (Akoya Biosciences) and slides
were cover slipped for scanning (21). Stained slides were scanned using the Vectra Polaris
Imaging System (Akoya Biosciences) at 20x magnification. Image tiles were deconvoluted
using the inForm software (Akoya Biosciences) and stitched into whole slide images using
Halo software (Indica Labs, Albuguerque, NM), followed by quantitative analysis. Tumor-
containing regions were defined using manual annotations on scanned hematoxylin and eosin

whole-slide images in Halo software (Indica Labs). The annotations of tumor-containing
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regions were transferred to the serial mIHC images using internal custom-developed
software. Using Random Forest classifier in Halo (v3.0.311.337), tumor-containing regions

were segmented into tumor and stromal compartments.
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TABLES

Supplementary Table S1. Primary antibodies used for mIHC.

Antibody Host/Clone Supplier Paired opal
fluorophore

CD103 Rabbit/EPR4166 | Abcam, Boston, MA Opal480

CD39 Mouse/2B10 LifeSpan Biosciences, Seattle, Opal520
WA

Granzyme B Mouse/GZB01 Thermo Fisher Scientific, Opal570
Fremont, CA

CD8 Mouse/C8/144B | Agilent, Bayonne, NJ Opal620

Cytokeratin Mouse/AE1/AE3 | Agilent, Bayonne, NJ Opal690

Ki67 Mouse/MIB-1 Agilent, Bayonne, NJ Opal 780

MHCII (HLA-DR) Mouse/LN3 Thermo Scientific, Fremont, CA Opal690

Foxp3 Mouse/236A/E7 | Abcam, Boston, MA Opal480

CD163 Mouse/10D6 Thermo Fisher Scientific, Opal520
Fremont, CA

Fibroblast activation | Rabbit/EPR20021 | Abcam, Boston, MA Opal570

protein

CD68 Mouse/KP1 Agilent, Bayonne, NJ Opal620

CDllc Mouse/5D11 Leica Biosystems, Deer Park, IL Opal780

Abbreviation: mIHC, multiplex immunohistochemistry.
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FIGURES

Supplementary Fig. S1. Representative image for the 6-plex activated T-cell panel

(CD103/CD39/Granzyme B/CD8/Cytokeratin/Ki67).

Key (related cell types): CD103 and CD39, tumor reactive CD8 T cells; Granzyme B,
activated T/natural killer cells; CD8, cytotoxic T cells; Ki67, proliferation; Cytokeratin,

Epithelium.
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Supplementary Fig. S2. Representative image for the 6-plex myeloid/Stroma/Treg panel

(CD68/CD163/CD11c/ MHCII/FAP/FoxXP3).

CD68

Key (related cell types): CD11c, dendritic cells and macrophages; CD68, macrophages;
CD163, M2 enriched macrophages; FAP, cancer-associated fibroblasts; FoxP3, regulatory T

cells; MHCII, antigen-presenting cells.
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Supplementary Fig. S3. Progression-free survival by median cutoff for TcellinsGEP-adjusted

(A) glycolysis and (B) hypoxia gene expression signatures.
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Abbreviations: CI, confidence interval; NE, not estimable; PFS, progression-free survival;

TcellinsGEP, T-cell-inflamed gene expression profile.
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Supplementary Fig. S4. AUROC for Foxp3*, CD8"/GN*/Ki67", and

CD11c*/MHCII/CD163/CD68™ mIHC densities a by spatial localization. (A) Tumor

compartment. (B) Stromal compartment. (C) Overall tumor microenvironment.
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Abbreviations: AUROC, area under the receiver operating characteristic curve; Cl,

confidence interval; mIHC, multiplex immunohistochemistry.
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Supplementary Fig. S5. Response status for select mIHC cell phenotype densities in tumor
compartment by PFI/TFI. (A) Foxp3*, (B) CD8/GB*/Ki67*, and (C)

CD11c*/MHCII'/CD1637/CD68 .
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Abbreviations: CR, complete response; mIHC, multiplex immunohistochemistry; NR,

nonresponders; PFI, platinum-free interval; PR, partial response; R, responders; TFI,

treatment-free interval.
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Supplementary Fig. S6. Joint effect of select mIHC cell phenotypes densities in tumor
compartment and PD-L1 CPS on response. (A) Foxp3™, (B) CD8*/GB*/Ki67", and (C)

CD11c*/MHCII'/CD1637/CD68 .
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Abbreviations: CPS, combined positive score; mIHC, multiplex immunohistochemistry; PD-

L1, programmed death ligand 1.
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Supplementary Fig. S7. Joint effect of select mIHC cell phenotype densities in tumor
compartment and TcellinfGEP on response. (A) Foxp3*, (B) CD8"/GB*/Ki67", and (C)

CD11c*/MHCII'/CD1637/CD68 .
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Abbreviations: mIHC, multiplex immunohistochemistry; TcellinfGEP, T-cell-inflamed gene

expression profile.
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