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1. Cervical Cancer
§ Definitive chemo-immunotherapy with radiation
§ Combination immunotherapy with platinum-based chemotherapy for advanced/metastatic disease disease 

and CPS >1
§ PD-1 inhibitor for CPS >1 in the post-platinum setting
§ Antibody drug conjugates

2. Endometrial Cancer
§ Combination immunotherapy with platinum-based chemotherapy for advanced/metastatic disease disease 

and dMMR/MSI-H
§ PD-1 inhibitor with or without lenvatinib based on mismatch repair status in the post-platinum setting

3. Ovarian Cancer
§ PD-1 inhibitor for TMB-H or dMMR
§ ADC

Agenda
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Incorporation of bevacizumab into frontline therapy for 
recurrent, metastatic cervical cancer

K. Tewari et al. Improved Survival with Bevacizumab in Advanced Cervical Cancer. NEJM. 2014
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Chemo-immunotherapy for persistent, recurrent or 
metastatic disease
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Chemo-immunotherapy for persistent, recurrent or 
metastatic disease
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Final results of KEYNOTE-826: Final-line pembrolizumab 
and chemotherapy v.s. placebo and chemotherapy

B. Monk et al. First-Line Pembrolizumab + Chemotherapy Versus Placebo + Chemotherapy for Persistent, Recurrent, 
or Metastatic Cervical Cancer: Final Overall Survival Results of KEYNOTE-826. J Clin Oncol. 2023

The safety profile of pembrolizumab–chemotherapy after
longer follow-up remained similar to that reported in the
previous interim analysis,3 and is consistent with the known
profiles of the individual treatment components.1,2,4-6 There

was no evidence of cumulative toxicity over time, and the
addition of pembrolizumab did not increase the rates of
known toxicities associated with chemotherapy and bev-
acizumab. As anticipated, the incidence of potentially
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FIG 1. Kaplan-Meier estimates of OS (A) in the PD-L1 CPS ≥1 population, (B) in the all-comer population, and (C) in the PD-L1 CPS ≥10 population,
and (D) an analysis of OS in protocol-specified subgroups of the all-comer population. The stratified Coxmodels were used to estimate the hazard ratios
shown in A, B, and C, with the proportional hazards assumption assessed via examining the scaled Schoenfeld residuals, and the results suggested the
proportional hazards assumption was not violated in these models. Tick marks in A, B, and C indicate censoring of data. bev, bevacizumab; chemo,
chemotherapy; CPS, combined positive score; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; OS, overall survival.
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FIG 1. Kaplan-Meier estimates of OS (A) in the PD-L1 CPS ≥1 population, (B) in the all-comer population, and (C) in the PD-L1 CPS ≥10 population,
and (D) an analysis of OS in protocol-specified subgroups of the all-comer population. The stratified Coxmodels were used to estimate the hazard ratios
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Frontline immunotherapy with cisplatin-sensitized radiation 

Stratification PFS

FIGO (2014) IB2-IIB
(n= 462)

0.91 (95% CI: 0.63, 1.31)

FIGO (2014) III-IVA
(n= 596)

0.59 (95% CI: 0.43, 0.82)
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of tisotumab vedotin). Statistical analyses were done 
with SAS (version 9.4).

This study is registered with ClinicalTrials.gov, 
NCT03438396.

Role of the funding source
Genmab provided the study drug and, in partnership with 
Seagen, collaborated with academic investigators on study 
design, data collection, data analysis, data interpretation, 
and writing of the report. Genmab funded professional 
medical writers to prepare the manuscript for submission 
and compiled, analysed, and maintained the data. The 
Gynaecologic Oncology Group and European Network of 
Gynaecological Oncological Trial Groups had roles in 
study design, data collection, data interpretation, and data 
analysis, but not writing of the report.

Results
Of 102 patients enrolled between June 12, 2018, and 
April 11, 2019, 101 received at least one dose of tisotumab 
vedotin. One enrolled patient had a serious adverse event 
(spinal cord injury cauda equina) before the scheduled 
first dose and did not receive tisotumab vedotin 
(appendix p 13). Baseline characteristics of the study 
population are shown in table 1. Sites of disease at 
screening are shown in the appendix (p 17).

At data cutoff (Feb 6, 2020), median follow-up was 
10·0 months (IQR 6·1–13·0) with four patients still on 
treatment and 33 in follow-up (appendix p 13). The median 
treatment duration was 4·2 months (IQR 2·5–5·5), and 
the median number of doses of tisotumab vedotin 
received was 6·0 (3·0–8·0).

The IRC-assessed confirmed objective response rate 
was 24% (95% CI 16–33), with seven (7%) patients 
achieving a complete response and 17 (17%) patients with 
a partial response (table 2). Median duration of response, 
time to response, and disease control rate (post-hoc 
analysis) assessed by the IRC are shown in table 2 and 
the appendix (p 14). Target lesions were reduced in 
77 (79%) of 97 treated patients with at least one post-
baseline scan (figure 1A). The durability and timing of 
objective responses are shown in figure 1B. Responses 
were generally consistent across the prespecified 
subgroups (figure 2).

At data cutoff, 74 progression-free survival events had 
occurred according to the IRC (68 progression events and 
six deaths). Median progression-free survival and 
the estimated 6-month progression-free survival rate are 
shown in table 2 and the appendix (p 15). Similarly, 
58 deaths had accrued at data cutoff. Median overall 
survival and the estimated 6-month overall survival rate 
are shown in table 2 and figure 3. Investigator-assessed 
objective response rate, time to response, duration of 
response, and progression-free survival were similar to 
IRC assessment (appendix p 18).

In a prespecified exploratory analysis, an assessment of 
TF expression from patient tumour biopsy samples was 

completed for 80 (79%) of 101 patients, with 66 (83%) 
obtained before the last systemic therapy and 14 (18%) after 
the last systemic therapy. 77 (96%) of 80 patients were 
found to have tumours positive for membrane TF 
expression, as demonstrated by at least 1% of tumour cells 
with positive staining, with a wide range of distribution of 
cells staining positive for TF (median 70% [IQR 20–90]). 
The median TF membrane histology score for all patients 
at baseline was 120 (IQR 30–180).
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Figure 1: Responses (per independent review committee) after tisotumab vedotin monotherapy among 
patients with recurrent or metastatic cervical cancer
(A) A waterfall plot of the maximum percentage change in target lesion size in treated patients who had at least one 
post-baseline scan. Each bar represents a patient. Percentage changes greater than 100% were truncated at 100% 
(indicated by the + symbol). Dashed horizontal lines indicate 20% increase and 30% decrease in target lesion size. 
(B) Swimmer’s plot for patients with a confirmed response. Each bar represents a patient. The circle closest to the 
y-axis indicates the first response. The second circle on a lane indicates a response that improved from a partial 
response to a complete response.
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medical writers to prepare the manuscript for submission 
and compiled, analysed, and maintained the data. The 
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study design, data collection, data interpretation, and data 
analysis, but not writing of the report.
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a partial response (table 2). Median duration of response, 
time to response, and disease control rate (post-hoc 
analysis) assessed by the IRC are shown in table 2 and 
the appendix (p 14). Target lesions were reduced in 
77 (79%) of 97 treated patients with at least one post-
baseline scan (figure 1A). The durability and timing of 
objective responses are shown in figure 1B. Responses 
were generally consistent across the prespecified 
subgroups (figure 2).

At data cutoff, 74 progression-free survival events had 
occurred according to the IRC (68 progression events and 
six deaths). Median progression-free survival and 
the estimated 6-month progression-free survival rate are 
shown in table 2 and the appendix (p 15). Similarly, 
58 deaths had accrued at data cutoff. Median overall 
survival and the estimated 6-month overall survival rate 
are shown in table 2 and figure 3. Investigator-assessed 
objective response rate, time to response, duration of 
response, and progression-free survival were similar to 
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TF expression from patient tumour biopsy samples was 

completed for 80 (79%) of 101 patients, with 66 (83%) 
obtained before the last systemic therapy and 14 (18%) after 
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found to have tumours positive for membrane TF 
expression, as demonstrated by at least 1% of tumour cells 
with positive staining, with a wide range of distribution of 
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Of the 80 patients for whom TF expression data were 
available, 76 (95%) were also evaluable for response by 
RECIST (version 1.1). Response to tisotumab vedotin, a 
prespecified exploratory endpoint, was observed 
regardless of membrane TF expression level, and a 
similar distribution of TF expression was observed 
between the different response groups (appendix p 16).

Treatment-related adverse events occurred in 93 (92%) 
patients (table 3). Grade 3 or worse treatment-related 
adverse events were reported in 28 (28%) patients (table 3), 

the most common being neutropenia (three [3%] patients), 
fatigue (two [2%]), ulcerative keratitis (two [2%]), and 
peripheral neuropathies (two [2%] each with sensory, 
motor, sensorimotor, and neuropathy peripheral). Serious 
treatment-related adverse events occurred in 13 (13%) 
patients, the most common of which were peripheral 
sensorimotor neuropathy (two [2%] patients) and pyrexia 
(two [2%]; appendix p 19). 24 (24%) patients had a 
treatment-related adverse event leading to dose inter-
ruption, and 22 (22%) patients had a treatment-related 
adverse event leading to dose reduction; 12 (12%) patients 
discontinued treatment due to a treatment-related adverse 
event (appendix pp 20–21). One death due to septic shock 
was considered by the investigator to be related to therapy. 
Three deaths unrelated to treatment were reported, 
including one case of ileus and two unknown causes. 
Adverse events regardless of causality are described in the 
appendix (p 22–23).

Ocular treatment-related adverse events (by individual 
rather than preferred term) occurred in 54 (53%) patients, 
with 25 (25%) having grade 1 events, 27 (27%) having 
grade 2 events, and two (2%) having grade 3 events 
(ulcerative keratitis; table 3). The most common ocular 
treatment-related adverse events were conjunctivitis 
(26 [26%] patients), dry eye (23 [23%]), and keratitis 
(11 [11%]; table 3). None of the ocular treatment-related 
adverse events were serious. Overall, 138 ocular events 
occurred, of which 118 (86%) resolved based on the safety 
follow-up visit 30 days after the last dose. The median 
time to onset of the first event was 1·4 months 
(IQR 0·7–2·0), and the median time to resolution of each 
event was 0·7 months (0·3–1·6). Ocular adverse events 
regardless of causality are shown in the appendix 
(pp 24–25).

Bleeding treatment-related adverse events (by 
individual rather than preferred term) occurred in 
39 (39%) patients, with 34 (34%) having grade 1 events, 
three (3%) having grade 2 events, and two (2%) having 
grade 3 events (rectal haemorrhage and cystitis haemor-
rhagic; table 3). The most common bleeding treatment-
related adverse events of any grade were epistaxis 
(30 [30%] patients, of which 28 [28%] were grade 1), 
vaginal haemorrhage (seven [7%] patients), and 
haematuria (three [3%] patients), none of which were 
grade 3 or worse. Of the 57 bleeding events, 51 (90%) 
resolved based on the last safety follow-up visit 30 days 
after the last dose. The median time to onset of the first 
event was 0·3 months (IQR 0·2–1·1), and the median 
time to resolution of each bleeding event was 0·5 months 
(0·1–1·4). Bleeding adverse events regardless of causality 
are shown in the appendix (p 26). There were no clinically 
meaningful changes in prothrombin time, international 
normalised ratio, or activated partial thromboplastin 
time observed (data not shown).

Peripheral neuropathy treatment-related adverse events 
(by individual rather than preferred term) occurred in 
33 (33%) patients, with 17 (17%) having grade 1 events, 
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Figure 2: Subgroup analysis of objective response rates (per independent review committee) after tisotumab 
vedotin monotherapy
The dashed vertical line indicates the overall response rate of the overall study population. ECOG=Eastern 
Cooperative Oncology Group. *Response to last systemic regimen was not available for six patients. †The term 
chemotherapy doublet includes either paclitaxel plus cisplatin or carboplatin, or paclitaxel plus topotecan.

Figure 3: Overall survival
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R. Coleman et al. Efficacy and safety of tisotumab vedotin in previously treated recurrent or metastatic cervical cancer. 
Lancet Oncol. 2021
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Summary
Pembrolizumab in combination with cisplatin and radiation is FDA-approved for FIGO (2014) III-IVA
Cervical cancer. 

PD1-inhibitors are approved in combination with platinum-based chemotherapy, paclitaxel with or 
without bevacizumab in the advanced, persistent, or metastatic setting.

PD-1 inhibitor monotherapy is approved for recurrent metastatic cervical cancer with CPS > 1

Tisotumab, and antibody drug conjugate is approved in the post-chemo-immunotherapy setting.

With the incorporation of immunotherapy in the definitive setting, how will this impact downstream 
therapy?

How will this affect the efficacy of Tumor Infiltrating Lymphocyte therapy?

Is there a role for bispecific T-cell engagers or chimeric antigen receptor T-cell therapy? 



Endometrial Cancer



12

Endometrial Cancer Subgroups 

a. Cancer Genome Atlas Res Network. Nature. 2013;497:67-73; b. Stelloo E, et al. Clin Cancer Res. 2016;22:4215-4224.

III.Copy number lowI.POLE II.MSI IV.Copy number high

Mol Class 1
POLE mut[c]

Mol Class 2
dMMR[c]

Mol Class 3
NSMP[c]

Mol Class 4
p53abn[c]

[a,b]

Images courtesy of Nicoletta Colombo, MD, PhD.
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Single-Agent Immunotherapy Efficacy in Biomarker-
Selected Endometrial Cancer

Study Drug N Patient  Selection ORR, %

KEYNOTE-158[a] Pembrolizumab 49
Advanced/metastatic 

dMMR
57

GARNET[b] Dostarlimab 126
Previously treated 

recurrent/advanced
dMMR

45

PHAEDRA[c] Durvalumab 35
Advanced/metastatic

dMMR
43

Konstantinopoulos[d] Avelumab 15
Advanced/metastatic

dMMR
26.7

a. Marabelle A, et al. J Clin Oncol. 2019;38:1-10; b. Oaknin A, et al. ESMO 2020. Presentation LBA36; c. Antill Y, et al. ASCO® 2019. Presentation 
5501; d. Konstantinopoulos PA, et al. ASCO® 2019. Presentation 5502. 
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Pembrolizumab and Lenvatinib for MSS endometrial cancer

Maximum tumor  shrinkage
> 0% = 72/84 (85.7%)

≥ 50% = 26/84 (31.0%)
≥ 75% = 13/84 (15.5%)

38.3% response rate in non-dMMR or 
MSI-H endometrial cancer

Makker V, et al. SGO 2020. Abstract 10.
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Pembrolizumab and Lenvatinib for MSS endometrial cancer

n engl j med 386;5 nejm.org february 3, 2022442

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

The results of the analyses of progression-
free survival and overall survival favored the 
lenvatinib plus pembrolizumab group over the 
chemotherapy group across all the evaluated 
subgroups, including subgroups defined accord-
ing to age, histologic features, and previous 
lines of therapy. Results were similar both in the 
pMMR population and among all the patients 
(Figs. S4 and S5).

In the pMMR population, the percentage of 
patients with a confirmed objective response as 
assessed on blinded independent central review 
according to RECIST, version 1.1, was higher with 

lenvatinib plus pembrolizumab (30.3%) than with 
chemotherapy (15.1%); in the overall trial popu-
lation, the percentages were 31.9% and 14.7%, 
respectively (Table 2). The results of the pre-
specified and multiple imputation analyses of 
objective response are reported in Table S4. In 
the pMMR population, 5.2% of the patients in 
the lenvatinib–pembrolizumab group and 2.6% 
of those in the chemotherapy group had a com-
plete response; the corresponding percentages 
in the overall trial population were 6.6% and 
2.6%. More patients (approximately twice as 
many) in the chemotherapy group than in the 

Figure 1. Progression-free Survival.

Panel A shows progression-free survival in the population of patients with advanced endometrial cancer with mis-
match repair–proficient (pMMR) disease, and Panel B shows progression-free survival among all the patients. Tick 
marks indicate censored data.
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Lenvatinib–Pembrolizumab for Endometrial Cancer

lenvatinib–pembrolizumab group had a best re-
sponse of progressive disease. Among patients 
with a response, the median duration of re-
sponse in the pMMR population was 9.2 months 
(range, 1.6 to 23.7) with lenvatinib plus pembro-
lizumab and 5.7 months (range, 0.0 to 24.2) 
with chemotherapy; among patients with a re-
sponse, the median duration of response in the 
overall trial population was 14.4 months (range, 
1.6 to 23.7) and 5.7 months (95% CI, 0.0 to 
24.2), respectively (Table 2 and Fig. S6).

Overall, more patients in the lenvatinib–pem-
brolizumab group than in the chemotherapy 
group had tumor shrinkage (Fig. S7). Although 
the trial was not designed or powered to com-

pare lenvatinib plus pembrolizumab with che-
motherapy in the dMMR population, clinically 
meaningful improvement was observed across 
efficacy end points (Table 2 and Figs. S4, S5, S6, 
S8, and S9).

Exposure and Safety
In the safety analysis population, the median 
duration of treatment was 231 days (range, 1 to 
817) with lenvatinib plus pembrolizumab and 
104.5 days (range, 1 to 785) with chemotherapy 
(Table S5). Among patients receiving lenvatinib 
plus pembrolizumab, the median dose intensity 
of lenvatinib was 13.8 mg per day, and the me-
dian number of cycles of pembrolizumab was 

Figure 2. Overall Survival.

Tick marks indicate censored data.
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V. Makker et al. Lenvatinib plus pembrolizumab for 
advanced endometrial cancer. NEJM. 2022

unstratified Cox model, and ORR subgroup analyses were
conducted using the unstratified Miettinen and Nurminen’s
method (except pMMR analyses, which used the same
stratified methods used for primary analyses). All analyses
are descriptive.

This study was approved by each research site’s institutional
review board or independent ethics committee. All patients
provided written, informed consent.

RESULTS

Patients and Treatments

Eight hundred twenty-seven patients were randomly assigned
to the lenvatinib plus pembrolizumab (n 5 411) or che-
motherapy (n5 416) arms; 697 patients had pMMR tumors
and 130 had mismatch repair deficient (dMMR) tumors.
Data cutoff occurred on March 1, 2022 (.16 months of
additional follow-up from the primary analysis). The
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Incorporation of immunotherapy with chemotherapy in the 
first-line setting

• Carboplatin + paclitaxel ± 
dostarlimab

• Primary endpoint: PFS
• Stratified by

- Prior pelvic RT (Y/N) 
- Disease status (recurrent, 

primary III or IV) 
- MSI instability status (I,S) 

RUBY Study

• Carboplatin + paclitaxel ± 
pembrolizumab

• Primary endpoint: PFS
• Stratified by

- pMMR vs dMMR
- Performance status
- Measurable disease

NRG-GY018
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Incorporation of immunotherapy with chemotherapy in the 
first-line setting: RUBY

n engl j med 388;23 nejm.org june 8, 20232150

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e
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Incorporation of immunotherapy with chemotherapy in the 
first-line setting: NRG-GY018

R. Eskander et al. Pembrolizumab plus chemotherapy in 
advanced endometrial cancer. NEJM. 2023

n engl j med 388;23 nejm.org june 8, 20232166

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

pMMR cohorts appeared to favor the pembroliz-
umab group, including during the maintenance 
phase, although efficacy results appeared to be 
heterogeneous according to geographic location 
and the numbers of patients in some subgroups 
were small (Fig. S2A and S2B).

Quality of Life
Quality of life was assessed in 588 patients in 
the pMMR cohort at baseline and in similar per-

centages of patients in the pembrolizumab group 
and the placebo group (86% and 87%, respec-
tively) at 6 weeks after randomization. In the 
two cohorts, assessments of quality of life at sub-
sequent preplanned intervals (weeks 18, 30, and 
54) were in progress at the time of this report.

Adverse Events
The most common adverse events (occurring in 
≥15% of patients in either trial group) are listed 

Figure 2. Progression-free Survival in the Two Cohorts.

Shown are Kaplan–Meier estimates of progression-free survival in the population of patients with advanced or recurrent endometrial 
cancer with mismatch repair–deficient (dMMR) disease (Panel A) or mismatch repair–proficient (pMMR) disease (Panel B). Tick marks 
in both panels indicate censoring of data. Patients in both the pembrolizumab and the placebo groups received combination chemo-
therapy with paclitaxel and carboplatin. NR denotes not reached.
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Summary
Pembrolizumab or Dorstalimab in combination with carboplatin and paclitaxel is FDA approved for 
treatment of dMMR endometrial cancer in the first-line metastatic setting. 

Pembrolizumab or Dorstalimab is approved for dMMR endometrial carcinoma in the recurrent setting. 
Pembrolizumab and lenvatinib is approved for pMMR endometrial carcinoma in the recurrent setting. 

With the incorporation of immunotherapy in the first-line setting with chemotherapy, what happens with 
dMMR in the recurrent setting?

There is an emerging role for Antibody Drug Conjugates in the post-immunotherapy setting.

Will immunotherapy be included with adjuvant radiation? How will this affect downstream therapy.

Will there be a role for other types of immunotherapy such as bispecific T-cell engagers?



Ovarian Cancer
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Immune checkpoint inhibitors for ovarian cancer

• Approved indication for immune checkpoint 
inhibitor in Ovarian cancer is for TMB high (≥10 
mutations/megabase) solid tumors who have 
progressed following prior treatment and have no 
satisfactory alternative treatment options

• Incidence of TMBhigh OC is still low

• Other studies suggest that TMBhigh in tumors with 
low neoantigen load (category II), such as OC, are 
unlikely to respond[a]

a. McGrail, et al. JCO Precis Oncol. 
2020;4. 
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Annals of Oncology D. J. McGrail et al.

664 https://doi.org/10.1016/j.annonc.2021.02.006 Volume 32 - Issue 5 - 2021
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Immune checkpoint inhibitors for ovarian cancer

Hamanishi et al., JCO 2015

Disis et al., JAMA Oncology 2019

ORR 9.6%

ORR 8%

Matulonis et al., 2018

B

C

A
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Rationale for immunotherapy combinations in OC

• PARPi-mediated double-strand DNA breaks upregulate PD-L1 
expression

• Generated neoantigens increase immunogenicity and TMB

• Potential to increase sensitivity to ICI therapy
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PARP inhibitor combinations
Durvalumab in recurrent 

ovarian cancer[a]
MEDIOLA[b] TOPACIO/KEYNOTE-162[c]

Regimen Olaparib (300 mg BID) + 
Durvalumab (PD-L1) (1500 mg 

Q4wks)

Olaparib (300 mg BID) + Durvalumab 
(1500 mg Q4wks) +/- Bevacizumab (10 

mg/Kg Q2weeks)

Niraparib (200 mg QD) + 
Pembrolizumab (200 mg 

Q3wks)

Patient population Phase II
Platinum Res,
Platinum Sens

Phase II
Platinum sensitive (non-gBRCAm)

Phase I/II
Platinum Res 

N 35 O+D (32) ; O+D+B (31) 62
ORR, % 14 31.3% ; 77.4% 18
Disease Control Rate 
(PR, SD) or (CR, PR, SD, 
%

71 - 65

Median PFS, mos - 5.5 ; 14.7 3.4
6-month PFS, % - 31

12-month OS, % 12

a. Lampert et al, CCR 2020. b. Drew et al,  b. Konstantinopoulos et al, Anals Onc, 2020. c.  JAMA Oncl, 2019 
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Immune checkpoint inhibitors in combination with 
chemotherapy and biologic (VEGF) therapy

Trial Phase ICI Combination with Disease Setting Primary Endpoint Results

Lee et al[a] 2 Pembrolizumab PLD Platinum-resistant CBR CBR: 52.2%
ORR: 26.1%

Walsh et al[b] 2 Pembrolizumab Cisplatin, 
gemcitabine Platinum-resistant ORR

ORR: 57%
CBR: 86%

mDOR: 3.5 months
mPFS: 5.35 

months

Liu et al[c]
2 Nivolumab Bevacizumab Platinum-sensitive

Platinum- resistant ORR

ORR: 28.9% (O)
ORR: 40% (S)

ORR: 16.7% (R)
mPFS: 9.7 months 

(O)
mPFS: 12.1 month 

(S)
mPFS: 7.7 months 

(R)

Zsiros et al[d] 2 Pembrolizumab
Oral 

cyclophosphamide
Bevacizumab

Platinum-resistant
Platinum-sensitive 

ORR
PFS

ORR: 47.5%
PFS: 10 months

CBR: 95%

a. Lee et al. Gynecol Oncol 2020. b. Walsh et al. SGO. Abs 2019. c. Liu et al. Jama Oncl 2019. d. Zsiros et al. 
JAMA Oncol 2021
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Cyclophosphamide, 
bevacizumab, pembrolizumab

Quality-of-life questionnaires were completed at base-

line and after 3 and 6 months of treatment using the QLQ-

C30 and QLQ-OV28. No association between treatment re-

sponse and quality-of-life domains, including global health

status,was identified. Global andphysical functioning scores

remainedhighandstable throughout the clinical trialwith im-

provedmean (SD) scores in body image (baseline,64.3 [25.0];

6months, 72.0 [27.9]), emotional functioning (baseline, 70.0

[22.8]; 6 months, 77.2 [17.7]), and social functioning (base-

line, 68.0 [30.4]; 6months, 75.6 [27.6]) measured during the

first 6months of the treatment (eFigure 5 in Supplement 2).

Discussion

In theabsenceof curative therapy for treatment-refractorydis-

ease, the incorporation of target-specific treatments and im-

munotherapy with meaningful response in ovarian cancer

are crucial for women diagnosed with recurrence. Combin-

inganti–PD-1andantiangiogenic therapywithmetronomic cy-

clophosphamide represents a novel opportunity to augment

cytotoxic lymphocyte functionwhile potentiallymodulating

harmful regulatory T-cell responses and optimizing vascular-

izationwithin theTME.21,22This single-armphase2 trial dem-

onstrates an encouragingORRof 47.5%, amedian PFS of 10.0

months, and clinical benefit of 95.0% in a heavily pretreated

cohort of patientswith recurrent ovarian cancer.Aswith simi-

lar trialsusingcombination ICI in recurrentovariancancer, this

study included individualswithplatinum-sensitive andplati-

num-resistantdisease to evaluate treatment responses among

a spectrum of women.7

Several studies investigating theuseof ICI combinedwith

traditional chemotherapy or targeted treatments are

ongoing.7,13,23,24 An investigation of pembrolizumab and pe-

gylated liposomaldoxorubicinhydrochloridedemonstratedan

ORRof 11.5%among26patientswithplatinum-resistant ovar-

Figure 2. Tumor Response and Survival Data Among Evaluable Patients Receiving Combination Pembrolizumab

With Bevacizumab andOral Cyclophosphamide
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criteria; irPR, partial response based on irRECIST criteria; irSD, stable disease based on irRECIST criteria; and PD-L1, programmed cell death 1 ligand.

Research Original Investigation PembrolizumabWith Bevacizumab and Oral Metronomic Cyclophosphamide for Recurrent Ovarian Cancer

82 JAMAOncology January 2021 Volume 7, Number 1 (Reprinted) jamaoncology.com
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iancancer,withahigher thananticipatedrateofpneumonitis.23

The combination of pembrolizumab with cisplatin and

gemcitabine followedbymaintenancepembrolizumabtherapy

in platinum-resistant ovarian cancer offers a promising ORR

of 57% but a median DOR of 3.5 months.24 A similar phase 2

clinical trial in patients with recurrent ovarian cancer using

nivolumab with bevacizumab7 showed an ORR of 28.9% and

amedianPFSof8.1months.Bevacizumabandoral cyclophos-

phamide alone had an ORR of 24% and a median PFS of 7.2

months in a less heavily pretreated cohort of patientswith re-

currentovariancancerandmostlyplatinum-sensitivedisease.13

Explorationofdual ICIwith ipilimumabandnivolumab in

recurrent ovarian cancer25 suggests ameaningful response in

51 patients (31.4%) at the cost of grade 3 or greater toxic ef-

fects in67%ofparticipants.Another randomizedphase2 study

comparing nivolumab with nivolumab and ipilimumab26

showed increased ORR for dual ICI (12%vs 31%)with slightly

increased PFS (2 vs 3.9 months) and higher grade 3 toxic ef-

fects noted in the combination arm (33% vs 49%). Poly-

adenosine diphosphate ribose polymerase inhibition com-

bined with ICI offers another promising strategy, but

preliminary findings27,28 suggest response rates of 18% to

20% mirror conventional therapies for ovarian cancer in the

absence of platinum-sensitive, BRCA-mutated disease.

In the present study,womenwith platinum-resistant dis-

ease had an ORR of 43.3% (90%CI, 29.6%-58.2%)with ame-

dian PFS of 7.6 (90% CI, 5.7-10.3) months compared with an

ORRof60.0%(90%CI,26.2%-73.8%)andmedianPFSof20.2

(90% CI, 6.0 to not recorded) months among those with

platinum-sensitivedisease.Althoughpatientswithplatinum-

sensitive disease had a trend toward greatermedian PFS than

those with platinum-resistant disease, these differences did

not reach statistical significance (P = .16) (eFigure 3 in Supple-

ment 2). When patients were analyzed based on the number

of prior chemotherapy lines, patients with no more than 3

prior chemotherapy lines had a significantly longer PFS (10.8

[90%CI, 7.6-24.4] vs 6.5 [90%CI, 4.3-10.2] months; P = .03),

further suggesting that using immunotherapy earlier in the

recurrent setting leads to greater PFS benefit.

Subanalysesof long-termresponders (10 [25.0%])withpro-

longed benefit (>12 months) on this regimen were also per-

formed. Expression of PD-L1 in baseline tumor biopsy did not

correlatewith responseorPFS.This is similar to findingsdem-

onstrated inasingle-agent trialofavelumabinovariancancer.29

In the present study, therewasno statistically significant cor-

relation with BRCA variant status and PFS, although BRCA-

positive patients had an ORR of 71.4% compared with 30.4%

ofBRCA-negative patients (P = .02). Further characterization

of tumormutational burden, neoantigen load, andT-cell phe-

notypes on translational specimens may help to identify ge-

nomic and immunologic correlates inpatients associatedwith

durable treatment response.

Interestingly,we sawnodifference inPFS inpatientswith

stable disease who had decreased tumor burden from base-

line compared with patients with partial or complete re-

sponse based on irRECIST criteria. Clinical observation sup-

portedour findings thatmanypatientswith stablediseasehad

durable response and that partial or complete response alone

did not always translate to durable clinical benefit. Of note, 2

patients with complete response did not have prolonged sur-

vival: onediedof anunrelated causewhilenot receiving treat-

ment, whereas the other demonstrated a new lesion shortly

after a complete response. Secondary cytoreductionwas per-

formed under physician discretion for 2 women owing to a

symptomaticpelvicmasswhowerecensoredat the timeof first

progression for survival analysis.Pathological findings forboth

patientswere significant for liquified tumorwithextensivene-

crosis (>60% of tumor tissue), and thus they were permitted

Figure 3. Progression-Free Survival (PFS) Among Evaluable Patients Receiving Combination Pembrolizumab

With Bevacizumab andOral Cyclophosphamide
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Cyclophosphamide, bevacizumab, pembrolizumab
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Other interesting combinations with chemotherapy and a 
cautionary tale

Trial Phase ICI Combination with Disease Setting Primary Endpoint Results

Pujade-Lauraine 
et al[a] 3 Avelumab

Monotherapy (M)
PLD Combo (C)
PLD alone (P)

Platinum-resistant 
Platinum-
refractory

ORR
ORR: 3.7% (M)
ORR: 13.3% (C)
ORR: 4.2% (P)

Zamarin et al[b] 2 Nivolumab
Monotherapy (M)
Ipilimumab Combo 

(C)

Platinum-sensitive
Platinum-resistant ORR

ORR: 12.2% (M)
ORR: 31.4% (C)
mPFS: 2 months 

(M)
mPFS: 3.9 

months (C)

a. Pujade-Lauraine et al. Gynecol Oncol. Abs LBA1 2019. b. Zamarin et al. J Clin Oncol 2020. c. Omatsu et al. Annals Oncol. 
Abs. Vol 31, supp4, S611 2020. 

Omatsu et al[c] 3 Nivolumab PLD
Gemcitabine Platinum-resistant OS PFS: 2.04 (N) vs 

3.84
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Is there a role for immunotherapy in the upfront setting?

Trial Phase ICI Combination with Disease Setting Primary 
Endpoint Status

IMAGYN050/GOG
3015/ENGOT-
ov39[a]

3 Atezolizumab 
Bevacizumab, 
carboplatin, 

paclitaxel 

Newly-diagnosed 
stage 3-4 

OC/TC/ PPC
PFS, OS 

Active, not 
recruiting

JAVELIN OVARIAN 
PARP-100[c] 3 Avelumab 

Carboplatin
Paclitaxel

Newly-diagnosed 
stage 3-4 

OC
PFS Active, not 

recruiting
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IMagyn050: Addition of Atezolizumab to Bevacizumab, 
Paclitaxel, and Carboplatin

Trial Design:
• Pts with stage III or IV OC with either 

primary cytoreductive surgery and gross 
residual disease or patients who 
underwent neoadjuvant chemo

• 1:1 randomization: atezolizumab 1200 mg 
or placebo for cycles 1-22 in combination 
with carboplatin, paclitaxel and 
bevacizumab

• Stratification by: PD-L1 staining (< 1% or ≥ 
1%), stage III vs IV, treatment strategy 
(PCS vs NCT) or PS (ECOG 0 vs 1-2)

• Endpoints: Co-primary PFS and OS in the 
intent-to-treat population (ITT) and PD-
L1+ population

IMagyn050 Carboplatin, paclitaxel, 
bevacizumab, atezolizumab

Carboplatin, paclitaxel, 
bevacizumab, placebo

HR (95% CI)

Median PFS, mos 19.5 18.4 HR 0.92, 95% CI 
0.79-1.07

Median PFS in PD-L1-
positive, mos

20.8 18.5 HR 0.80, 95% CI 
0.65-0.99

Discontinuation, % 26 22
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JAVELIN ovarian PARP 100: Avelumab + Chemotherapy 
Followed by Avelumab Maintenance

Trial Design:
• Patients with stage III or IV OC with 

either primary cytoreductive surgery 
or patients who underwent 
neoadjuvant chemotherapy

• 1:1:1 randomization: receive 
carboplatin, paclitaxel, followed by 
avelumab maintenance, 
chemotherapy with avelumab with 
avelumab maintenance or 
chemotherapy followed by 
observation

• Endpoints: PFS

Javelin 100
(998 patients 
randomized)

Carboplatin, paclitaxel, 
avelumab and avelumab 

maintenance

Carboplatin, paclitaxel, 
followed by avelumab 

maintenance

Carboplatin + 
paclitaxel

Patient population Advanced disease, 
PD-L1 positive 

Advanced disease, 
PST 

Median PFS, mos 18.1 16.8 NE
ORR 36.0 30.4 30.0
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Antibody Drug Conjugates: Mirvatuximab Soravtansine

23.6 to 42.2; P , .0001), including five patients with a
complete response (CR) and 29 achieving a PR. Tumor
reductions occurred in 71.4% of patients (Fig 1A), which
includes all patients who experienced at least transient
tumor reduction on the basis of the sum of the longest
diameters of target lesions per RECIST, regardless of
whether or not they met RECIST criteria for a PR or CR. The
disease control rate (CR, PR, or stable disease$ 12 weeks)
was 51.4% (Table 2). In the BICR efficacy evaluable
population (n5 96 patients), the ORR was 30.2% (95% CI,
21.3 to 40.4), with 6 and 23 patients having confirmed CR
and PRs, respectively.

Kaplan-Meier estimates of DOR for patients with confirmed
responses are shown in Figure 1B. The median DOR was
6.9 months (95% CI, 5.6 to 9.7) as assessed by investigator
and not reached (NR) by BICR assessment (95% CI, 5.0 to
NR; Table 3). The median time to response was 1.5 months
(range, 1.0 to 5.6 months), coinciding with the first post-
baseline scan, as assessed by investigator, and 1.4 months
(range, 1.0 to 5.4 months) by BICR.

Of note, subgroup analyses revealed that MIRV was ef-
fective regardless of the number of prior lines of therapy or
prior PARPi. The investigator-assessed ORRs were 35.3%
(95%CI, 22.4 to 49.9) for patients with one to two prior lines

of therapy and 30.2% (95% CI, 18.3 to 44.3) for those with
three prior lines (Table 2). The corresponding median
DORs (by investigator assessment) were 5.9 months (95%
CI, 4.2 to 9.6) and 7.4 months (95% CI, 3.5 to 10.7) for the
one to two or three prior line subsets, respectively (Table 3).
With respect to prior PARPi exposure, the ORR was 38.0%
(95% CI, 24.7 to 52.8) in patients who had received prior
PARPi treatment and 27.5% (95% CI, 15.9 to 41.7) in
those without prior PARPi use (Table 2). For those patients
with PARPi therapy, the median DOR by investigator was
5.7 months (95% CI, 3.5 to 9.6) and was 6.4 months (95%
CI, 3.0 to NR) for patients without prior PARPi use (Table 3).

The median PFS assessed by investigator was 4.3 months
(95% CI, 3.7 to 5.2); median PFS in the BICR efficacy
evaluable population was 5.5 months (95% CI, 3.8 to 6.9).
Median overall survival was 13.8 months (95% CI, 12.0 to
NR) with 46% of events reported.

Safety

The safety population included 106 patients who received at
least one dose of MIRV. Overall, no new safety signals were
observed. Treatment-related adverse events (TRAEs) were
experienced by 86% of patients, with 28% of patients ex-
periencing at least 1 grade 3 event and 1% experiencing

A
100

80

60

40

20

0

-20

-40

-60

-80

-100

Ch
an

ge
 F

ro
m

 B
as

el
in

e 
(%

)

CR

PR

SD

PD

0.0

0.2

0.4

0.6

0.8

1.0

Su
rv

iv
al

 (p
ro

ba
bi

lit
y)

Time (months)
0 3 6 9 12 15

29 22 10 6 3 0

No. at risk:

BICR

B

0.0 INV

No. at risk:

0.2

0.4

0.6

0.8

1.0

Su
rv

iv
al

 (p
ro

ba
bi

lit
y)

Time (months)
0 3 6 9 12

34 29 15 10 1

FIG 1. Antitumor activity of mirvetuximab soravtansine. (A) Maximum percentage change in target lesion size from baseline. Best response
according to RECIST is indicated by color coding of bars. (B) Kaplan-Meier plot of DOR in patients with confirmed complete or partial response as
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Endpoint Total
N = 106

ORR (95% CI) 32.4% (23.6, 42.2)

ORR (1-2 prior lines) 35%

ORR (3 prior lines) 30%

Median DOR (months) 95% CI 5.9 (5.6, 7.7) 

• Platinum Resistant Ovarian Cancer
• 1-3 lines of prior therapy 
• Prior bevacizumab, PARP allowed
• High FRα expression ≥ 75% (≥ 2+ IHC)
• 6 mg/kg every 3 weeks

Matulonis UA et al. Efficacy and Safety of Mirvetuximab 
Soravtansine in Patients With Platinum-Resistant Ovarian Cancer 
With High Folate Receptor Alpha Expression: Results From the 
SORAYA Study. J Clin Oncol. 2023 May 1;41(13):2436-2445. 
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Antibody Drug Conjugates
Mirvatuximab Soravtansine

Enrollment and Key Eligibility 
Platinum Resistant disease
Prior Bevacizumab and PARP allowed
1-3 Prior lines
BRCA mutations allowed
High FRα expression ≥ 75% (≥ 2+ IHC)

ARM 1
Mirvetuximab soravtansine
6 mg/kg every 3 weeks

ARM 2
Investigators choice 

chemotherapy
Paclitaxel
Liposomal Doxorubicin
Topotecan

1:1

Endpoints

Primary: Progression Free Survival

Secondary: 

ORR

Patient Reported Outcomes

n engl j med 389;23 nejm.org December 7, 20232166
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group of authors collected and analyzed the 
data. All the authors contributed to the develop-
ment of the manuscript, approved the final ver-
sion for submission, and vouch for the accuracy 
and completeness of the data and for the fidel-
ity of the trial and protocol. Writing assistance 
was paid for by ImmunoGen.

Participants
Eligible participants were 18 years of age or 
older with a confirmed diagnosis of platinum-

resistant, high-grade serous ovarian cancer. Par-
ticipants must have received one to three previ-
ous lines of systemic anticancer therapy and had 
disease progression while receiving or immedi-
ately after receiving the previous therapy. Par-
ticipants who had received one line of platinum-
based therapy must have received at least four cycles 
of their initial platinum-containing regimen, had 
a response (complete or partial), and then had 
disease progression between 3 and 6 months 
after their last dose. Participants who had previ-

Figure 1. Efficacy Findings with MIRV as Compared with the Investigator’s Choice of Chemotherapy.

Shown are the Kaplan–Meier estimates of investigator-assessed progression-free survival (the primary end point 
[Panel A]) and of overall survival (a key secondary end point [Panel B]) in the mirvetuximab soravtansine-gynx (MIRV) 
group and the chemotherapy group. The restricted mean progression-free survival at 12 months was 6.13 months 
(95% CI, 5.62 to 6.64) in the MIRV group and 4.72 months (95% CI, 4.21 to 5.23) in the chemotherapy group. Analy-
ses were performed in the intention-to-treat population.
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A word on other forms of immunotherapy

Bispecific T-cell engagers

Chimeric Antigen Receptor (CAR) T-cells

Vaccines?
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Summary
Immune checkpoint inhibitors, especially as monotherapy, have no role in the management of platinum 
resistant ovarian cancer 

With checkpoint immunotherapy, the earlier the exposure during a patient's treatment, the better

Other checkpoints, like CD47, have not proven to be better than PD-L1 and CTLA4

Second generation (Fc-modified) immune checkpoint inhibitors might have improved responses in 
ovarian cancer 

Antibody Drug Conjugates have an established role in the management of platinum resistant ovarian 
cancer 

Sequencing and movement upstream toward the adjuvant setting are in progress 

What about the others? Platinum refractory disease, clear cell, carcinosarcoma, mucinous carcinoma




