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OC treatment clinical landscape

• Over recent decades, the 5-year OS of women with ovarian cancer has improved but largely due to more 
treatment lines rather than better first line therapy

• Platinum and paclitaxel are the main drugs that have been in standard use for >20 years

• Treatment of platinum-resistant ovarian cancer continues to be clinically challenging, has a poor outcome 
and the median PFS benefits are modest

Adapted from LaFargue C. et al. Lancet Oncology 2019; 20(1):e15-e28. 
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The Sad Reality: Poor Prognosis and Shorter 
Treatment Intervals

• Most ovarian cancers will recur, leading to poor prognosis and shorter treatment intervals
• ~80% of advanced ovarian cancers will recur during or after 1L treatment

• Median progression-free survival (mPFS) decreases after every recurrence*: 
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*mPFS values measured from beginning of chemotherapy (ie, day of randomization) to the first disease progression and, thereafter, from one progression to the subsequent one or to death
L, line; mo, month; mPFS, median progression-free survival; PFS, progression-free survival.
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Note: Data depict historical 
mPFS of watch-and-wait, and do 
not represent PFS observed with 
maintenance treatment. 

Hanker LC, et al. Ann Oncol. 2012;23(10):2605-12.

Response Rate to 
2nd line cytotoxic 
chemotherapy:

15-25%. 



Is immunotherapy ever going to be the future to treat OC?



Mutational landscape of OC

Konstantinopoulos et al., Cancer Discovery, 2015



TMB and MSI in OC

N
n with TMB 

≥ 7.6 
muts/Mb

% n with 
TMB≥ 7.6 
muts/Mb 

n with 
MSI-H

n with MSI-
H and TMB 

≥ 7.6 
muts/Mb

% MSI-H of 
TMB ≥ 7.6 
muts/Mb

Clear cell 254 23 9.06% 4 3 13.04%

Endometrioid 140 29 20.71% 13 12 41.38%

Carcinoma Mixed 92 9 9.78% 2 2 22.22%

HG Serous 2655 208 7.83% 0 0 0

Feinberg J et al., SGO, 2018



Singe Agent ICB



Singe agent anti-PD1/PD-L1 in OC

Checkpoint inhibitor Inclusion Phase
patient 

number

# of prior 

therapies
ORR Reference

Anti-PD1

Nivolumab Platinum resistant OC 2 20 ≥ 4 (55%)
10% CR
5% PR

30% SD

Hamanishi et al 

2015

Pembrolizumab 

(Keynote-28)
Recurrent OC 1b 26 ≥ 3 (65%)

4% CR, 8% PR,

23% SD
Varga et al 2015

Pembrolizumab 

(Keynote-100)

Reccurent OC

Cohort A: TFI of ≥ 3 to 12 
months

Cohort B: TFI of ≥ 3 months

2 376
A: 1-3

B: 4-6
8% ORR (17.3%

ORR CPS>10)
Matulonis et al 2018

Anti-PD-L1

Avelumab Platinum resistant OC 1b 124 ≥3 (58%)
9.7% PR, 44% 

SD
Disis et al 2016

Atezolizumab Recurrent OC 1b 12 >6 (58%) 25% ORR Infante et al 2016

BMS-936559 Recurrent OC 1 17 >1 6% PR,18% SD Brahmer et al 2012

Marth et al., IJGC 2019



Primary endpoint: 
ORR by RECIST v1.1 by BICR
- By cohort
- By PD-L1 expression

Secondary endpoints: 
- DOR, DCR, PFS, OS, safety

KEYNOTE-100: Phase 2 Two-Cohort Study of Pembrolizumab for 
Recurrent OC



Matulonis U et al, ASCO2020

140 PRROC patients were treated with pembrolizumab monotherapy in KN100: ORR was 8.5%.

KEYNOTE-

100



KEYNOTE-100

With 37.8m median follow-up, results confirm that pembrolizumab monotherapy in recurrent OC elicits modest antitumor 

efficacy:

- 8.5% ORR in all-comers (7CRs, 25 PRs).

Trend toward increased ORR with higher PD-L1 expression:

- 11.6% ORR for PD-L:1 CPS>10 in Cohort A

- 18.2% ORR for PD-L1 CPS>10 in Cohort B

Matulonis U et al, ASCO2020



KEYNOTE-

100



mPFS in CPS>1 or 
CPS>10 : 2.1m

mOS CPS>1: 20.6m 
mOS CPS>10: 21.9m

KEYNOTE-100 - Phase 2 Two-Cohort Study of Pembrolizumab for Recurrent OC



CHEMO + IO COMBINATION 

Upadhaya S et al., Nat Rev Drug Disc 2021



Carboplatin/Paclitaxel: Combined PD-1 blockade in NSCLC- immunochemotherapy combination  
outperformed chemotherapy

Cisplatin: sensitize cells to T cell killing

Doxorubicin + Oxaliplatin: Induce immunogenic cell death, which could, synergize with immunotherapy

Pegylated doxorubicin (PLD): Enhances the uptake of tumor antigens by myeloid DCs by promoting 
antigen  processing and cross presentation to T cells

Low-dose Cyclophosphamide: Attenuate Tregs and improve vaccination and ACT efficacy combination 
with ICB- stimulates the generation of CD8+ TILs and improves ORR

Kandalaft L et al., Journal of Clinical Oncology 2019

RATIONALE FOR COMBINATION IN OC



• Open label, phase II study 

• N=26 (single stage design with safety lead-in of n=6) 

Intervention
Pembrolizumab  200 mg IV  Q3W

PLD 40mg/m2 IV Q4W

Key Eligibility Criteria
• Recurrent EOC, fallopian tube or primary 

peritoneal cancer
• Received prior platinum-based therapy
• Platinum resistant (refractory excluded)
• Up to 2 prior lines of cytotoxic therapies 

for recurrent or persistent disease
• ECOG 0 or 1
• Presence of measurable disease per 

RECIST 1.1
• No prior immunotherapy

Primary objective

CBR (CR + PR+ SD > 24w)

Pembrolizumab plus PLD in PRROC

Matulonis U et al, SGO 2018
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Best Overall Response – 26.1%
CBR: 52% Waterfall Plot  Progression-Free Survival – 8.1 months

Pembrolizumab plus PLD

PRROC pts were treated with combination therapy in this MISP.

Lee EK et al., Gynegologic Ongology, 2020
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Possible reasons for failure: 
1) Avelumab is a weak immune checkpoint inhibitor

• ORR: 4% (1.5; 7.5); 
2) PLD is not an optimal chemotherapy combination partner

• ORR: 4 % (1.8; 8.1); 
• Combined Avelumab/PDL ORR: 13 %

IO in PRROC: JAVELIN Ovarian 200, the first ICB 
RP3 in PRROC was negative

Avelumab appeared to nominally improve on PLD monotherapy efficacy but not enough to result in a 
positive trial. Avelumab monotherapy activity in PRROC was minimal; ORR was 3.7%.

Pujade-Lauraine E et al, Lancet, 2021



JAVELIN Ovarian 200 Results: PFS in PD-L1+ subgroup 
exploratory analysis
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PD-L1 status was evaluable in 508 patients (SP263 Ventana platform)
The cutoff: at least 1% of tumor cells expressing PD-L1 or more than 5% of immune cells expressing PD-L1

The HR of 0.65 for PFS and 0.72 for OS in PD-L1 + patients suggests that  PD-
L1 expression is a predictor of clinical benefit.



NRG-GY009: Phase II/III PLD With Atezolizumab and/or

Bevacizumab in Platinum-Resistant Recurrent OC

1:1:1

Enrollment Criteria

• Recurrent, platinum-resistant OC

• High-grade OC

• ≤2 prior regimens

• Measurable disease

• ECOG PS 0 or 1

• Mandatory submission of tumor tissuesamples

Arm A

PLD + atezolizumab

Arm C

PLD + bevacizumab

R

A

N

D

O

M

I

Z

A

T

I

O

N

Randomized Phase II/III Study (NCT02839707)

Secondary Endpoints:

n = ~488

DLT, OS, PFS

Arm B

PLD + atezolizumab +

bevacizumab

ORR, safety

Primary Endpoint:

Actual Study Start Date  : May 12, 2017
Estimated Primary Completion Date  : June 30, 2023
Estimated Study Completion Date  : June 30, 2023



Best 
Response

N of 
Patients

% 
Evaluable 
(n=37)

% 
Treated 
(n=41)

CR 0 0 0

PR 19 51.4% 46.3%

SD 13 35.1% 31.7%

PD 5 13.5% 12.2%

Unassessed 4 NA 9.8%

DCR 32 86.5% 78%

median PFS 6.7 (4.5, 8.9) 

months

median OS 13.4 (12.1-27.0) months

Wenham R et al, GCIG 2018

Phase II of weekly Paclitaxel with 
Pembrolizumab in PRROC 



Combination N/Lines of treatment mPFS
(CT +bev vs CT)

ORR
(CT+bev vs CT)

mOS*
(CT+bev vs CT)

mDoT
CT+bev vs CT

Chemotherapy +/- bevacizumab10 mg/kg Q2W 361 PRROC (no 
refractory) up to 2L of 

prior treatment

6.7 vs 3.4 months 
HR: 0.48 (0.38, 0.60;

P .001). 

27.3% vs 11.8% 
(P .001)

16.6 vs 13.3
HR: 0.85 (0.66, 

1.08); P =0.174; NS

6 cycles (1-24)  vs 
3 cycles (1-17)

1 cycle=4 w 
(except topotecan)

Paclitaxel 80mg/m2 IV on days 1, 8,
15, and 22 every 4 weeks +/-bevacizumab 10 
mg/kg Q2W

115 PRROC (no 
refractory) up to 2L of 

prior treatment

10.4 v 3.9 months
HR: 0.46 (0.30, 0.71) 

53.3% vs 30.2% 22.4 v 13.2 months
Unadjusted HR: 

0.65 (0.42,1.02) NS

PLD 40 mg/m2 IV on day 1 Q4W +/- bevacizumab10
mg/kg Q2W

126 PRROC (no 
refractory) up to 2L of 

prior treatment

5.4 v 3.5 months
HR: 0.57 (0.39, 0.83) 

13.7% vs 7.8% 13.7 m vs 14.1 m
Unadjusted HR: 

0.91 (0.62,1.36) NS

Topotecan 4 mg/m2 IV on days 1, 8, and 15 every 4 
weeks or 1.25 mg/m2 on days 1 to 5 Q3W +/-
bevacizumab 10 mg/kg Q2W or 15 mg/kg Q3W in 
patients receiving topotecan in a schedule Q3W 

120 PRROC (no 
refractory) up to 2L of 

prior treatment

5.8 v 2.1 months
HR:0.32 (0.21, 0.49)

17.0% vs 0.0% 13.8 v 13.3 m
Unadjusted HR: 

1.09 (0.72,1.67) NS

AURELIA Results by Chemotherapy Subgroup

Weekly paclitaxel is the most active PRROC chemotherapy treatment with or without bevacizumab.

Pujade-Lauraine E et al, JCO 2014



Keynote-B96/Engot-65 – ongoing clinical trial

Primary Endpoint: PFS

Stratification factors 
for randomization
• Bevacizumab use
• PD-L1 status
• Prior anti PD-1/PD-L1 

Key Eligibility Criteria

• Platinum Resistant OC patients 
(refractory excluded)

• Up to 2L of prior therapy
• ECOG PS 0, 1
• Prior anti PD-1/PD-L1 allowed
• Prior PARPi allowed 
• Prior bevacizumab allowed

Randomization
1:1

N=616

Pembrolizumab
+ 

Paclitaxel
+/- bevacizumab

Pembrolizumab 
placebo

+
Paclitaxel

+/- bevacizumab



Rationale for frontline 
CHEMO + IO 

combinations



Anti-PD-L1 in combination with 
chemotherapy

TRIAL CONTROL ARM EXPERIMENTAL ARM N PFS (HR 95%CI) Reference

First Line

Javelin 100 
Cx: Q3W carboplatin+paclitaxel

OR carboplatin + weekly paclitaxel

Cx + avelumab
maintenance up to 2 yrs

OR

Cx & avelumab + 

avelumab maintenance up 

to 2 yrs

951
1.43 (1.05-1.95)

1.14 (0.83-1.56)

Lederman JA et 

al SGO 2020

Imagyn050

GOG 3015 

carboplatin+paclitaxel& 

bevacizumab + placebo 

& bevavizumab + placebo maint.

carboplatin+paclitaxel& 

bevacizumab + 

atezolizumab & 

bevacizumab + 

atezolizumab maint.  

1301 0.92 (0.79-1.07
Moore K et al 

ESMO 2020

Monk B et al, Lancet,2021
Moore K et al., JCO, 2021



Javelin-100

Monk B et al, Lancet,2021



 Imagyn050/GOG 3015 phase 3 trial

ITT population PD-L1+ population
PFS

Placebo + CP + bev (n=650) Atezo + CP + bev (n=651) Placebo + CP + bev (n=393) Atezo + CP + bev (n=391)

Patients with events, n (%) 341 (52.5) 323 (49.6) 199 (50.6) 167 (42.7)

Median PFS, months (95% CI) 18.4 (17.2–19.8) 19.5 (18.1–20.8) 18.5 (16.6–21.4) 20.8 (19.1–24.2)

Stratified HR (95% CI) 0.92 (0.79–1.07) 0.80 (0.65–0.99)

Stratified log-rank p-value 0.2785 0.0376

2-year event-free rate (95% CI) 29.1 (23.9–34.3) 35.1 (30.0–40.3) 32.2 (25.4–39.0) 43.9 (37.2–50.5)

ITT population
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Moore K et al., JCO, 2021

 Imagyn050/

GOG 3015 

subgroup 

analysis



NEW COMBINATIONS (CHEMO-FREE)

PARPi + antiangiogenic agents

PARPi+ Immunotherapy

Immunotherapy + antiangiogenic
agents

PDL-1/PD-1
Inhibitors

Anti-
angiogenic

iPARP



PARP Inhibitors in Combination with  
Immuno-Oncology Agents: Rationale

1. Patch AM et al. Nature. 2015;521:489–494;

2. Strickland K et al. ASCO 2015; Abstract 5512

• BRCA mutated tumors:) have a high mutational load 
and a  higher number of protein-coding mutations  
(neoepitopes) due to the inability of the cancer cell 
to  repair DNA damage effectively

• BRCA1/2 mutant and HR-deficient tumours are correlated  
with higher PD-L1 expression and CD8 T-cell infiltration  
that predict PD-(L)1 mAb response

Roy R., Nat.Rev.Cancer, 2012
Alvarado-Cruz I et al., Mutagenesis, 2020



Combination 
Therapy

Inclusion Phase
patient 
number

# of prior 
threapies

ORR Reference

Durvalumab + 
olaparib

Recurrent OC 1 12 >1, 50%>4
17% PR
66% SD

Lee et al 2017

Durvalumab + 
cediranib

12
50% PR
25% SD

Durvalumab + 
olaparib

MEDIOLA

Platiunum sensitive 
BRCAmut

2 32 >1
19% CR
44% PR
9% SD

Drew et al 2018

Pembrolizumab+ 
niraparib
TOPACIO

Platinum resistant OC 2 62 <5

25%ORR
42% SD;

BRCAmut: 25%
ORR, 

38% SD

Konstantinopoulos et al
2018

PARP-I +IO Trials



Ongoing trials in 1L with ImmuneTx
ATHENA FIRST ENGOT OV43 DUO-O

Sponsor Clovis Tessaro Merck Astra Zeneca

Group leader GOG(NCRI) GINECO (GOG??) BGOG(leading) – unsure

whether GOG will join as

supporting groups

AGO(GOG)

ENGOT Model C C C

Randomisation Maintenance Upfront Upfront Upfront

Bev in Standardarm No Optional Optional Yes

Exp. Arm - Ruca-Nivolu

- Ruca

- Nivolu

- Nira

- Nira + O42

BRCA+: Ola +Pembro  

BRCA-: Pembro  

Pembro+Ola

- Durva

- Durva+Ola

NACT allowed Yes Yes Yes Yes

RT=0 CR/NED after CT No Yes Yes

Endpoint PFS PFS PFS+OS PFS

MITO 6 A 8 C 10 B 10



Phase II Randomized Trial of Nivolumab With or Without 
Ipilimumab in Patients with Persistent or Recurrent Ovarian 
Cancer (NRG GY003)

R.A. Burger et al, IGCS 2018

IO+IO COMBINATION IN OC



NRG GY003: PFS by Treatment Group

Nivo→Nivo

(n=49)

Nivo-Ipi→Nivo

(n=51)

Patients with event, n (%) 47 (95.9) 39 (76.5)

Median PFS, months 2.0 3.9

Stratified

by PFI

HR (95% CI) Reference 0.528

(0.339–0.821)

Two-sided

p-value

(log-rank)

0.0041



Nivo→Nivo

(n=49)

Nivo-Ipi→Nivo

(n=51)

Patients with event, n (%) 24 (49.0) 21 (41.1)

Median OS, months 21.8 28.1

Stratified

by PFI

HR (95% CI) Reference 0.789

(0.439–1.418)

Two-sided

p-value

(log-rank)

0.43

NRG GY003: OS by Treatment Group



NRG GY003: Subgroup Analyses

Statistic (95% CI)

Characteristic Response* PFS** OS**

Age: > vs ≤ median 0.653 (0.244-1.748) 1.002 (0.638-1.574) 1.499 (0.818-2.747)

PS: > 0 vs 0 1.210 (0.422-3.471) 0.843 (0.519-1.368) 1.295 (0.681-2.465)

Prior cytotoxic regimens: 
>1 vs 1

0.676 (0.220-2.079) 1.021 (0.602-1.730) 1.150 (NA***)

PFI: ≥ 6 vs < 6 months 1.900 (0.709-5.091) 0.662 (0.418-1.047) 0.518 (0.273-0.984)

Cell type: clear cell vs other 5.205 (1.370-19.774) 0.562 (NA) 1.674 (NA)

* Logistic regression, odds ratio, adjusted for treatment group

** Cox proportional hazards model, hazard ratio, adjusted for treatment group and PFI

*** Not available, insufficient number of events



ICB + anti-VEGF/VEGFR COMBINATION 

Upadhaya S et al., Nat Rev Drug Disc 2021



Credit: EQUINOX GRAPHICS

Maj E et al 2016
Yang J el al 2018
Alaoui-Lasmaili et al 2018 

Rationale for Combining Cancer Immunotherapy  with Anti-VEGF



Date of download:  5/20/2021
Copyright 2019 American Medical Association. 

All Rights Reserved.

From: Assessment of Combined Nivolumab and Bevacizumab in Relapsed Ovarian Cancer: A Phase 2 Clinical 

Trial

JAMA Oncol. 2019;5(12):1731-1738. doi:10.1001/jamaoncol.2019.3343

ORR: 29%  Median PFS: 8.1 months



Best Response

Platinum

-sensitive

n=10 (%)

Platinum-

resistant

n=30 (%)

Total

n=40 (%)

Complete response 0 3 (10%) 3 (7.5%)

Partial response 6 (60%) 10 (33.3%) 16 (40%)

Stable disease only 

 24 weeks 3 (30%) 8 (26.7%) 11 (27.5%)

< 24 weeks 1 (10%) 7 (23.3%) 8 (20%)

Progressive disease 0 2 (6.7%) 2 (5%)

Objective response 

rate 

(irCR + irPR)

6 (60%) 13 (43.3%) 19 (47.5%)

Total clinical 

benefit 

(irCR + irPR + irSD)

10 

(100%)
28 (93%) 38 (95%)

Median DOR *

(months, range)

11.5 

(11.6-

21.3)

5.8 (0.9-

26.5)
5.9 (0.9-26.5)



25% of the 
patients had 

PFS> 12 
months

Zsiros E. et al., Jama Oncology 2021

Pembrolizumab+ Bevacizumab + oral Cytoxan in recurrent OC



No significant difference in PFS between patients with 0% 
to 30% decrease in tumor burden vs. those with more than 
30% to 100% decrease in tumor burden, (log-rank P = .47).

Among patients with 3 or fewer prior lines of chemotherapy, 
median 6-month PFS median PFS, 10.8 (90% CI, 7.6-24.4) 
months. Among patients with more than 3 prior lines of 
chemotherapy, median PFS, 6.5 (90% CI, 4.3-10.2) months (P = 
.03).

Zsiros E. et al., Jama Oncology 2021



Principal results of the EORTC-1508 
trial:  A phase II randomized, 
multicenter study of  bevacizumab vs 
atezolizumab and bevacizumab  with 
acetylsalicylic acid or placebo in 
recurrent  platinum-resistant ovarian, 
fallopian tube or  primary peritoneal
adenocarcinoma

Banerjee S et a;., ESMO 2021



Progression-Free Survival

Ate+Pbo and Ate+ASA arms recruitment closed Jan 2019

Overall Survival (Arm 1,4,5)

Banerjee et al. ESMO 2021



F. Herrera, M. Irving, L E Kandalaft and G Coukos, The Lancet Oncology, September 2019

Reprogramme the tumour microenvironmentPriming and Activating the immune system

RADIATION + ICB

https://www.sciencedirect.com/science/article/pii/S1470204519304012?via%3Dihub&amp;!


Upadhaya S et al., Nat Rev Drug Disc 2021

What is the in future? 
Top immuno-oncology targets for active and deprioritized 

agents in the drug development pipeline from 2019 and 

2020.



BIOMARKERS FOR RESPONSE 
TO ICB THERAPY

• Clinically Applicable Biomarkers

• BRCA mutation

• MSI and TMB

• PD-L1 staining

• Tissue based biomarkers

• TILs

• B cells and tertiary lymphoid structures

• New genomic biomarkers

• Transcriptomic signatures

• Host factors

TME

Genomic landscape

Transcriptome

Spatial imaging



mBRCA as a marker for improved clinical 
outcome

Yang et al.,  JAMA 2011
Birkbak et al, Plos One, 2013



TMB and HRD markers may not 
predict response to ICB

Liu Y. et al, JCO 2021



Fraction of Genome Altered as a 
potential biomarker for ICB response

Liu Y. et al, JCO 2021



TILs absent
or excluded

45%

TILs present  
55%

Zhang, et al. N Engl J Med 2003

Immune inflamed

Immune exclusion Immune ignorance

HOT TME

COLD TME

CD3+

TILS in OC as a prognostic marker



Alexandrov et al., Nature (2013)

Is there neo-epitope specific recognition in Ovarian Cancer ?



Not all TILs are created equal

Meta-analysis of intraepithelial TIL impact in ovarian cancer:  
10 studies; 1,782 patients

Hwang et al, Gynecol Oncol 2011



Cancer-immune
phenotypes: 

consistent with most 
solid tumors

Chen DS et al, Nature, 2017



Responder #48, Before bx. Responder #48, C4 bx. Responder #48, C4 bx.

Responder #33, Before bx. Responder #33, C4 bx. Responder #33, C4 bx.

CHANGESIN OC TME with PEMBRO + BEV + Oral 
Cytoxan 

Nanostring DSP:
Green: OC cells (PanCK) 
Blue: nuclei (DNA)
Yellow: vasculature (CD31)
Red: CD3+ T cells

ZSIROS et al, manuscript in preparation

NCT02853318





Marker CellType Estimate p value

CD19 b-cell 0.72 0.03

CD20 b-cell 0.76 0.03

CD3D t-cell 0.68 0.01

CD3E t-cell 0.65 0.01

CD3G t-cell 0.68 0.04

CD4 t-cell 0.54 0.01

CD8A t-cell 0.60 0.03

CD8B t-cell 0.68 0.03

Correlation with PFS 

Zsiros – Unpublished data 

NCT02853318

FUTURE TRIAL



Immune Cell Infiltration Score to 
predict prognosis and response to ICB?

Liu J. et al., Frontiers in Immunology, 2021



PD-L1 staining conundrum

COMBINED POSITIVE SCORE  - CPS Definition

This scoring method evaluates the number of PD⁠-

⁠L1–staining cells (tumor cells, lymphocytes, 

macrophages) relative to all viable tumor cells.

CPS Calculation

Although the result of the CPS calculation can 

exceed 100, the maximum score is defined as CPS 

100.

A minimum of 100 viable tumor cells in the PD⁠-⁠L1–

stained slide is required for the specimen to be 

considered adequate for PD⁠-⁠L1 evaluation.

TUMOR PROPORTION SCORE  - TPS Definition

This scoring method evaluates the percentage of 

viable tumor cells showing partial or complete 

membrane staining at any intensity.

TPS Calculation

PD⁠-⁠L1 expression level in advanced NSCLC is 

determined by the TPS, which is reported as a 

percentage on a scale of 0% to 100%.

A minimum of 100 viable tumor cells in the PD⁠-⁠L1–

stained slide is required for the specimen to be 

considered adequate for PD⁠-⁠L1 evaluation.

https://www.keytrudahcp.com/biomarker-testing



Companion PD-L1 testing

Different cut-offs
TPS > 1%:  Advanced Non⁠–⁠Small Cell Lung Cancer 

(NSCLC) uses, Ovarian cancer MISP studies
CPS>1% :   Advanced Cervical Cancer

Metastatic or Unresectable, Recurrent 
Head and Neck Squamous Cell Carcinoma 

(HNSCC)
CPS> 10%: Advanced Esophageal or GEJ Carcinoma

Advanced TNBC or High-Risk Early-Stage 
Triple-Negative Breast Cancer (TNBC)

Davis A. et al, Journal of Immunotherapy of Cancer, 2019

Ovarian cancer: KN-100, Javelin studies, MISP studies – PD-
L1 expression is NOT predictive biomarker to ICB response



HOST FACTORS

Morad et al., Cell, 2021



Early studies supported a role for gut 
microbes in shaping response to ICB

Diversity and composition of the gut microbiome are 

associated with differential outcomes to stem cell transplant 

(in patients) and immune checkpoint blockade (in mice)

Taur…Pamer Blood 2014

Sivan…Gajewski Science 2015, Vetizou…Zitvogel Science 2015

Diversity and composition of the gut microbiome are 

associated with differential outcomes to immune checkpoint 

blockade in patients with melanoma

Routy…Zitvogel et al, Science 
2018
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therapy

Clinical 

assessment 
& restaging

n = 233 
patients

Initial                  

oral & gut 
microbiome 

sampling

Repeat oral & 

gut 
microbiome

sampling

Tumor 

biopsy

** P<0.01

Responders to anti-PD-1 had a higher diversity of gut bacteria associated with prolonged PFS 
(along with additional compositional differences)

and many more studies now published…



Bacterial metabolites as an important modulators of immune system

Chilakapati SR. et al., 

2020 
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Rosario and Zsiros et al, manuscript in preparation

Stool microbiome analysis from NCT02853318



The Future: IO Drug Development

Upadhaya S, Nat.Rev. Drug Discovery, 2020
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