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This open-label, non-comparative, 2:1 randomized, phase II trial (NCT03275506)
in women with stage IIIC/IV high-grade serous carcinoma (HGSC) for whom
upfront complete resection was unachievable assessed whether adding pem-
brolizumab (200mg every 3 weeks) to standard-of-care carboplatin plus
paclitaxel yielded a complete resection rate (CRR) of at least 50%. Post-
operatively patients continued assigned treatment for a maximum of 2 years.
Postoperative bevacizumab was optional. The primary endpoint was indepen-
dently assessed CRR at interval debulking surgery. Secondary endpoints were
Completeness of Cytoreduction Index (CCI) and peritoneal cancer index (PCI)
scores, objective and best response rates, progression-free survival, overall
survival, safety, postoperative morbidity, and pathological complete response.
The CRR in 61 pembrolizumab-treated patients was 74% (one-sided 95% CI =
63%), exceeding the prespecified ≥50% threshold and meeting the primary
objective. The CRR without pembrolizumab was 70% (one-sided 95% CI = 54%).
In the remaining patients CCI scores were ≥3 in 27% of the standard-of-care
group and 18% of the investigational group and CC1 in 3% of the investigational
group. PCI score decreased by a mean of 9.6 in the standard-of-care group and
10.2 in the investigational group. Objective response rates were 60% and 72%,
respectively, and best overall response rates were 83% and 90%, respectively.
Progression-free survivalwas similarwith the two regimens (median 20.8 versus
19.4 months in the standard-of-care versus investigational arms, respectively)
but overall survival favored pembrolizumab-containing therapy (median 35.3
versus 49.8 months, respectively). The most common grade ≥3 adverse events
with pembrolizumab-containing therapy were anemia during neoadjuvant
therapy and infection/fever postoperatively. Pembrolizumab was discontinued
prematurely because of adverse events in 23% of pembrolizumab-treated
patients. Combining pembrolizumab with neoadjuvant chemotherapy is fea-
sible for HGSC considered not completely resectable; observed activity in some
subgroups justifies further evaluation to improve understanding of the role of
immunotherapy in HGSC.
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In patients with stage IIIC/IV ovarian, fallopian tube, or primary peri-
toneal cancers, neoadjuvant chemotherapy (NACT) followed by
interval debulking surgery (IDS) demonstrated non-inferior overall
survival (OS) to primary debulking surgery (PDS) followed by che-
motherapy in three randomizedphase III trials (EuropeanOrganisation
for Research and Treatment of Cancer [EORTC] 559711,2, CHORUS2,3,
SCORPION4,5). Consequently, NACT is considered a valuable treatment
option and is included in international guidelines6,7 for patients in
whom initial upfront complete resection is not possible or where there
is a high risk of perioperative adverse effects. In France, ~60% of
patients with International Federation of Gynecology and Obstetrics
(FIGO) stage IIIC/IV epithelial ovarian cancer typically receive NACT
before IDS8.

Laparoscopy is often used to establish a diagnosis and evaluate
the extent of tumor burden to estimate whether complete cytor-
eduction is feasible. The sameapproach is often used for IDS. Standard
systemic treatment includes carboplatin plus paclitaxel every 3 weeks
(q3w) for three to four cycles before IDS6,9,10. After IDS, three to four
additional chemotherapy cycles are given, with or without bev-
acizumab. When the NeoPembrOV trial was designed, poly(ADP-
ribose) polymerase (PARP) inhibitors were not used routinely as
maintenance therapy.

The complete resection rate (CRR) after neoadjuvant carboplatin
plus paclitaxel was 47–58% in the EORTC 55971 and SCORPION
phase III trials1,4. Adding bevacizumab to NACT, as used in some
circumstances and healthcare settings, did not substantially improve
efficacy in two small randomized trials (focusing primarily on
safety)11,12. Thus, there remains a need for alternative, more effective
neoadjuvant strategies.

The rationale for combining NACT with checkpoint inhibitors
targeting programmed cell death-1 (PD-1) or programmed death
ligand-1 (PD-L1) is based on the presence of tumor-infiltrating lym-
phocytes in most cells expressing the targets for the immunomodu-
latory monoclonal antibodies, the abundance of tumor antigens
available for cross-priming at the time of immunotherapy, and
potential reinvigoration of T lymphocytes from the primary tumor
infiltrate to tackle metastatic disease13–16. Additionally, administering
checkpoint inhibitors before surgery provides the opportunity for in-
depth mechanistic and biomarker studies, potentially opening possi-
bilities for the development of more effective immune checkpoint
inhibitor combinations17.

The PD-1 inhibitor pembrolizumab has demonstrated significant
efficacy in several tumor types (https://www.accessdata.fda.gov/
drugsatfda_docs/label/2021/125514s096lbl.pdf). Phase III trials evalu-
ating PD-L1 inhibitors in newly diagnosed and recurrent ovarian can-
cers have shown less encouraging results18–21, and biomarkers to
identify patients who may derive benefit are elusive. There are cur-
rently no reported results from randomized trials evaluating PD-1
inhibitors in combination with chemotherapy in ovarian cancer.
Single-agent pembrolizumab demonstrated modest efficacy in heavily
pretreated advanced ovarian cancer in the phase Ib KEYNOTE-028
study in patients with PD-L1-positive tumors and the phase II
KEYNOTE-100 study enrolling patients irrespective of PD-L1 status22,23.
However, higher activitywas observedwith pembrolizumabcombined
with chemotherapy in phase I/II single-arm studies in recurrent ovarian
cancer24–26.

We hypothesized that combining pembrolizumab with NACT
could improve surgical outcomes (and ultimately, survival) and
response rate to chemotherapy. Therefore, we designed the Neo-
PembrOV trial to assess the effect of combining pembrolizumab with
NACT andpost-IDS therapy for advancedhigh-grade serous carcinoma
(HGSC), and included extensive tumor and blood sample collection to
explore potential markers to identify candidates for combining che-
motherapy with PD-1 inhibition. Here, we report the primary results
and key biomarker findings from this trial showing a high CRRwith the

addition of pembrolizumab to NACT and postoperative therapy
for HGSC.

Results
Patient characteristics and IDS
Between February 26, 2018, and April 17, 2019, 91 patients were
enrolled from 17 sites in France: 30 were randomized to NACT alone
(standard-of-care arm) and 61 to NACT plus pembrolizumab (investi-
gational arm). Baseline characteristics were generally well balanced
between the treatment arms (Supplementary Table 1). Most patients
(82%) had stage IIIC disease, and 56% had bulky disease (metastatic
volume ≥5 cm). The mean peritoneal cancer index (PCI) score before
IDS was 11.6 (SD 8.3) in the standard-of-care arm and 9.7 (SD 9.2) in the
investigational arm. Postoperative bevacizumab was planned in all but
three patients. All but four patients (one [3%] in the standard-of-care
arm and three [5%] in the investigational arm) underwent IDS (Sup-
plementary Fig. 1). The median time from randomization to IDS was
3.3 months (range 2.6–7.4 months) in the standard-of-care arm and
3.2 months (range 2.4–7.3 months) in the investigational arm.

Efficacy
At IDS, 45 pembrolizumab-treated patients achieved Completeness of
Cytoreduction Index (CCI) of 0 (CC0), giving a CRR of 74% (one-sided
95% confidence interval [CI] = 63%), meeting the predefined criterion
for further clinical evaluation. In theNACT-alone arm, 21 patients (70%)
achievedCC0 (one-sided 95%CI = 54%).When the four patients in each
arm who received more than four neoadjuvant cycles were not inclu-
ded as responders (sensitivity analysis), the CRR was 67% (one-sided
95% CI = 56%) in the investigational arm and 57% (one-sided 95% CI =
40%) in the standard-of-care arm. Table 1 shows secondary response
endpoints. Response Evaluation Criteria in Solid Tumours (RECIST)
overall response rate (ORR) was 72% with pembrolizumab and 60% in
the standard-of-care arm.

At the initial database cutoff for the primary endpoint analysis
(September 30, 2020), the median duration of follow-up from the
randomization date was 22 months (range 6.8–32.5 months). An
updated analysis was performed to providemoremature progression-
free survival (PFS) and OS results. At the data cutoff for this updated
analysis (June 15, 2023), the median duration of follow-up was
52.4 months (range 24.6–62.7 months). By this date, PFS events had
been recorded in 73 patients (80%) and 47 patients (52%) had died.
Forty-one patients died from disease progression; in the remaining six
patients, the cause of death was acute leukemia and unknown each in
one patient in the standard-of-care arm, and central nervous system
complications linked to infection, peritonitis after debulking surgery,
unknown cause (2 years after surgery to CC0, after initiation of pacli-
taxel and platinum treatment at progression), and pneumopathy with
acute renal failure and acute pulmonary edema (4 years after rando-
mization and surgery), each in one patient in the investigational arm.
PFS was similar in the two treatment arms (median 20.8 months [95%
CI 15.0–25.7months] in the standard-of-care armand 19.4months [95%
CI 17.0–26.7 months] in the investigational arm; Fig. 1A). Median OS
was 35.3 months (95% CI 27.1 months–not estimable) in the standard-
of-care arm and 49.8 months (95% CI 36.1 months–not estimable) in
the investigational arm (Fig. 1B). Three-year OS rates were 45% (95% CI
26–62%) in the standard-of-care arm and 65% (95% CI 51–76%) in the
experimental arm.

Efficacy according to BRCA mutation and PD-L1 status
For the exploratory subgroup analyses, BRCA mutation status (germ-
line or somatic) was available for 87 patients (96% of the total popu-
lation). BRCA mutations were detected in four patients (13%) in the
NACT-alone arm and 15 (25%) in the pembrolizumab arm. No conclu-
sions can be drawn regarding the relative efficacy in BRCA-mutated or
wild-type BRCA subgroups given the small patient numbers, but there

Article https://doi.org/10.1038/s41467-024-46999-x

Nature Communications |         (2024) 15:5931 2

https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/125514s096lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/125514s096lbl.pdf


was no clear association between BRCAmutation status and efficacy of
pembrolizumab (Fig. 2). PD-L1 status was available for 85 patients
(93%). In exploratory subgroup analyses, there was a suggestion of
enhanced PFS and OS with pembrolizumab in patients with a com-
bined positive score (CPS) ≥10 (Fig. 3).

Treatment exposure and safety
Treatment compliance at the time of the primary analysis (data cutoff
September 30, 2020), is shown in Tables 2, 3. Overall, there was no
excess of chemotherapy dose reductions or premature chemotherapy
discontinuation in the pembrolizumab arm during NACT or after IDS.

During NACT, grade ≥3 adverse events (AEs) were less common
with pembrolizumab-containing therapy than NACT alone (Table 4).
The most common grade ≥3 AE was neutropenia (13% in both arms).
Investigators considered grade ≥3 AEs to be related to pembrolizumab
in two patients (3%) receiving pembrolizumab-containing therapy
(anemia in one patient, cachexia in one patient). Additional grade 3/4
AEs with pembrolizumab occurring during NACT included cerebral
hemorrhage, pulmonary embolism, venous thrombosis, brain
empyema, and asthenia (Table 5). One patient receiving pem-
brolizumab died from AEs (hemorrhagic shock, staphylococcal sepsis,
febrile bone marrow aplasia, and cerebrovascular accident, all recor-
ded as grade 5 but none considered related to treatment by the
investigator or sponsor). All-grade AEs were typical of NACT, the most
common in both arms being asthenia, nausea, anemia, and alopecia.
All-grade AEs with >5% higher incidence in patients treated with
pembrolizumab versus NACT alone were asthenia, nausea, abdominal
pain, neutropenia, rash, hypertension, myalgia, paresthesia, hypo-
thyroidism, hyperthyroidism, and constipation (Tables 4, 6).

Postoperative complications occurred in four patients (13%) in the
NACT-alone arm and 13 patients (21%) receiving pembrolizumab with
NACT, including one death from postoperative peritonitis (Supple-
mentary Table 2). The most common postoperative complication in
the investigational arm was infection/post-surgical fever (n = 4).

Across the entire treatment period, grade ≥3 AEswere recorded in
20 patients (67%) receiving NACT alone and 46 (75%) receiving pem-
brolizumab plus NACT (Supplementary Table 3). In the pem-
brolizumab arm, grade ≥3 AEs were considered related to
pembrolizumab in 18% of patients (two patients with anemia [with
thrombocytopenia in one patient], one patient with diarrhea/

dehydration/hypokalemia, one patient with ALT increased/AST
increased/blood alkaline phosphatase increased/GGT increased, and
one patient each with congestive cardiomyopathy, hypothyroidism,
aptyalism, autoimmune hepatitis, cholestasis, cachexia, and acute
kidney injury). There were two grade 5 AEs (one in each arm, already
described above). Pembrolizumab was discontinued prematurely
because of AEs in 14 patients (23%; details in Table 3) after a median of
12.5 months (range 0.7–20.2 months).

Discussion
This trial evaluating the PD-1 inhibitor pembrolizumab for HGSC met
its predefined primary objective, demonstrating a CRR of ≥50% with
the addition of pembrolizumab to NACT and adjuvant chemotherapy,
with or without postoperative bevacizumab, in patients with advanced
HGSC not considered to be optimally resectable. However, the CRR in
the standard-of-care group was higher than the expected 50% CRR
with NACT alone, perhaps partially explained by the exclusion of
patients anticipated to have residual disease after IDS. Furthermore,
CRRs in both treatment groups were reduced in a sensitivity analysis
adjusting for patients receiving >4 neoadjuvant cycles (CRR of 67% in
the investigational arm and 57% in the standard-of-care arm), sug-
gesting that the additional neoadjuvant cycles may have contributed
to the higher-than-expected CRRs in both arms. On the other hand, a
recent analysis from the French Epidemiological Strategy and Medical
Economics (ESME) cohort suggested that although delayed IDS (after
≥5 neoadjuvant cycles) is very common in routine practice in France,
sucha delay is associatedwithworsePFS than standard IDS (after three
to four neoadjuvant cycles)27.

In NeoPembrOV, the RECIST ORR was 72% with pembrolizumab-
containing therapy and 60% with chemotherapy alone. PFS was over-
lapping in the two treatment arms, but there was a suggestion of an
emerging effect on OS. The addition of pembrolizumab was not
associated with increased toxicity during NACT, nor concerning
effects on postoperative safety, although 23% of patients discontinued
pembrolizumab prematurely because of AEs.

The 74% CRR compares favorably with CRRs reported for che-
motherapy alone in the EORTC 559711 and SCORPION phase III trials4

and with results from randomized phase II trials evaluating neoadju-
vant bevacizumab-containing regimens11,12. In a non-comparative
French study, the CRR with bevacizumab plus NACT was 59%11. In a

Table 1 | Summary of response results

Endpoint NACT alone (n = 30) NACT +pembrolizumab (n = 61)

IDS performed 29 (97) 58 (95)

Primary endpoint: CRR [one-sided 95% CI] 21 (70) [54–] 45 (74) [63–]

Completeness of Cytoreduction Index score

CC0 (no residual disease) 21 (70) 45 (74)

CC1 (≤0.25 cm residual disease) 0 2 (3)

CC ≥3 or biopsy only 8 (27) 11 (18)

Mean change in PCI score between baseline and IDS (SD) (n = 26) –9.6 (8.6) (n = 54) –10.2 (9.3)

RECIST response after NACT [95% CI]a 18 (60) [41–77] 44 (72) [59–83]

Complete/partial response 2 (7)/16 (53) 2 (3)/42 (69)

Stable disease 11 (37) 14 (23)

Progression 0 2 (3)

Best overall responsea,b 25 (83) 55 (90)

Complete response including CC0 at IDS 22 (73) 45 (74)

Partial response 3 (10) 10 (16)

Stable disease 4 (13) 5 (8)

Data are no. (%) unless otherwise noted.
CC completeness of cytoreduction, CI confidence interval, CRR complete resection rate, IDS interval debulking surgery, NACT neoadjuvant chemotherapy, PCI peritoneal cancer index, RECIST
Response Evaluation Criteria in Solid Tumours, SD standard deviation.
aNot evaluable in one patient in each arm.
bDefined as the best response observed at any time from the date of randomization until the end of treatment.
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Spanish randomized phase II trial, the CRR (defined as PCI = 0) was
29%, and the rate of complete resection or cytoreduction to ≤1 cm
residual disease was 66%12. However, given the higher-than-expected
CRR in the standard-of-care arm, which also compares favorably with
previous trials, it seems that the inclusion criteria of the present trial
may have led to a better-prognosis population than enrolled in his-
torical trials. In addition, the trial was conducted in specialist centers
with expertise in ovarian surgery. Thus, while the trial was not
designed as a comparative trial, the similar outcome in a contemporary

population recruited under the same criteria and treated with NACT
alone in the same centers as the pembrolizumab patients cannot be
ignored.

In exploratory analyses, the more favorable outcome observed in
the subgroup with higher (CPS ≥10) versus lower PD-L1 expression
receiving pembrolizumab-containing therapy is consistent with pre-
vious findings from single-arm studies of pembrolizumab (with or
without a PARP inhibitor) in recurrent ovarian cancer23,28. Given the
caveats of small sample sizes in post hoc exploratory analyses of a non-
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Fig. 1 | Efficacy. A PFS. B OS. CI confidence interval, CP carboplatin + paclitaxel, NE not estimable, OS overall survival, PFS progression-free survival. Source data are
provided as a Source Data file.
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comparative study, no conclusions can bedrawn regarding the relative
treatment effect of pembrolizumab according to PD-L1 over-
expression. However, the modest difference in treatment effect in
patients with PD-L1-positive diseasemakes it difficult to consider PD-L1
expression as a biomarker enabling identification of the most appro-
priate candidates for immune checkpoint therapy. Furthermore, the
inconclusive findings for this putative biomarker in phase III trials19–21

are insufficient to convince clinicians and researchers of its value. The
NeoPembrOV study aims to address this challenge with ongoing
translational analyses ofmolecular biomarkers, including homologous
recombination deficiency (HRD) status, as well as tumor immune
contexture and angiogenesis. The translational program strives to
identify the best candidates for PD-1 inhibitors in combination with
NACT or, more importantly, the main mechanisms of resistance to be

targeted in combination with PD-1 inhibitors. These exploratory ana-
lyses, reported in the accompanying article by Le Saux et al.29, is
important in better defining the potential contribution of PD-(L)1
inhibitors to themanagement of HGSC. Neoadjuvant trials with paired
sample collection provide an ideal opportunity to improve under-
standing of disease biology and the effect of treatment on the tumor
microenvironment.

A strength of the NeoPembrOV trial is the central independent
review of surgical outcomes by expert surgeons. This allows a more
robust assessment of the quality of surgery than is often achieved in
clinical trials of innovative therapies. Another strength of the study
design is the inclusion of optional bevacizumab after surgery, which
was adopted in almost 90% of patients. Bevacizumab is widely used
after interval surgery in newly diagnosed ovarian cancer not
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Fig. 2 | Exploratory subgroup analyses by BRCAmutation status. A PFS. BOS. CI confidence interval, CP carboplatin + paclitaxel, NE not estimable, OS overall survival,
PFS progression-free survival. Source data are provided as a Source Data file.

Article https://doi.org/10.1038/s41467-024-46999-x

Nature Communications |         (2024) 15:5931 5



suitable for PDS, and therefore the design reflects contemporary
practice.

From a methodological perspective, NeoPembrOV raises the
question of whether new therapies can be adequately assessed in
randomized phase II trials using CC0 andORR as primary endpoints to
predict PFS (or efficacy more generally) in the first-line setting. The
considerable efficacy in the NACT-alone standard-of-care arm (70%
CRR, best overall response of 83%)may set toohigh ahurdle to identify
new innovative therapies in this setting in small trials. There remains a
need for new endpoints, such as KELIM30,31 or biological endpoints
specific to the target. Alternatively, results from the randomized phase
II CHIVA trial suggest that the combination of RECIST response after
neoadjuvant therapy and CC0 at debulking surgery provides a more

reliable prediction of PFS and OS than either endpoint alone. The
authors concluded that a reasonable endpoint for future neoadjuvant
trials could be the proportion of patients achieving both a RECIST
response and CC0 at IDS32. Finally, the potential role of combining
both bevacizumab and pembrolizumab with NACTmay be of interest.
Translational research reported in the accompanying article suggests
that vascular endothelial growth factor 2 and/or regulatory T cells
could be targeted to overcome immunoresistance to traditional
immune checkpoint inhibitors in ovarian cancer29, supporting future
evaluation of bevacizumab combined with NACT before IDS.

The main limitation of the trial is the small sample size and the
non-comparative statistical design, which does not allow us to esti-
mate the contribution of pembrolizumab (including its impact on
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Fig. 3 | Exploratory subgroup analyses by PD-L1 status. A PFS.BOS. CI confidence interval, CP carboplatin + paclitaxel, CPS combined positive score, NE not estimable,
OS overall survival, PFS progression-free survival. Source data are provided as a Source Data file.
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survival) to the treatment regimen. Plausibly, continuation of pem-
brolizumab in the combination arm may have been prioritized over
administration of adjuvant bevacizumab (not given in >10% of
patients), which could have led to bias comparedwith the standard-of-
care arm. There were also differences in chemotherapy exposure, with
20% of patients in the standard-of-care arm versus 5% in the investi-
gational arm having a paclitaxel dose reduction or dose omission for
AEs. Furthermore, numerical imbalances in BRCA mutation status and
PD-L1 status were apparent, and the lack of stratification for these
known prognostic factors may be considered a weakness. BRCA-
mutated tumors are associatedwith a better prognosis and could have
influenced outcomes in the two treatment groups. Of note, the trial
completed accrual before PARP inhibitors became routinely used
alone or in combination with bevacizumab in the first-line main-
tenance setting, specifically for patients with BRCA-mutated and
HRD tumors33,34. The high CRR in the standard-of-care arm (70%
instead of the assumed 50%) suggests that the study population had
better than expected outcomes, perhaps partially explained by the
continuation ofNACTbeyond four cycles in somepatients and surgery
performed in GINECO expert centers. Finally, the choice of assay to
assess PD-L1 status in patients receiving pembrolizumab canbe viewed
as a weakness. Many of the pivotal clinical trials of pembrolizumab
have used 22C3 scored using the CPS algorithm, yet in the present
study, PD-L1 was assessed using SP263. There is some evidence from
non-small-cell lung cancer that these two assays are not
interchangeable35.

Despite the relatively small sample size, this randomized phase II
trial demonstrates that the integration of pembrolizumab into
neoadjuvant therapy is feasible and promising, at least for some
HGSCs.Deeper translational research (already envisagedwhen the trial
was designed, including systematic collection of tumor biopsies and
blood before and after NACT) will be important in interpreting the
impact of the investigational regimen. This may allow us to identify
possible candidates andunderstand the target immune cell population
to optimize the potential of immunotherapy in epithelial ovarian
cancer. The results add to the large translational program combining
spatial and molecular analyses linked to the randomized clinical trial.
Tumor samples collected both before and after investigational therapy
provide important new information in some subgroups. For the past 5
years, research has aimed to identify potential benefits from immune
therapy in the management of high-grade ovarian cancer in large
phase III trials outside large translational programs. The present ran-
domized phase II trial provides the opportunity to explore the clinical
effect of pembrolizumab added to chemotherapy and also, through
extensive translational research29, to begin to understand which
populations and which combinations should be evaluated in future
clinical trials. This approach may be more efficient than larger trials

without extensive comprehensive translational research to shape
ongoing evaluation of immunotherapy in ovarian cancer.

Methods
Ethics and regulatory requirements
The study was performed in accordance with the ethical principles of
the Declaration of Helsinki, the International Conference on Harmo-
nisation/Good Clinical Practice guidelines, and the Public Health Code
in France. This French trial received a favorable opinion from a French
national ethics committee Comité de Protection des Personnes (CPP)
Nord Ouest II, based in Amiens.

Study design and eligibility
NeoPembrOV (Clinicaltrials.gov number NCT03275506 was an open-
label randomized, non-comparative, phase II trial in women with
advanced HGSC unsuitable for PDS. The protocol is available in Sup-
plementaryNote 1 in the SupplementaryMaterials. Eligiblewomenhad
newly diagnosed (by laparoscopy or laparotomy) histologically con-
firmed FIGO stage IIIC or IV epithelial ovarian, fallopian tube, or pri-
mary peritoneal carcinoma that was high-grade serous or
endometroid. All other histologies were excluded. Patients had to be
considered unsuitable for PDS (PDS denied after evaluation by
laparoscopy or laparotomy) and planned for NACT followed by
cytoreductive IDS aiming for no residual disease. At inclusion, patients
had tohave a PCI score <3036. Additional inclusion criteria included age
>18 and ≤75 years; Eastern Cooperative Oncology Group performance

Table 2 | Treatment exposure (neoadjuvant phase)

Exposure CP
alone
(n = 30)

CP +
pembrolizumab
(n = 61)

Median no. of
cycles (range)

Carboplatin 4 (2–6) 4 (1–8)

Paclitaxel 4 (1–6) 4 (1–8)

Pembrolizumab NA 4 (1–8)

Dose reduction or omis-
sion for adverse event,
n (%)

Carboplatin 2 (7) 2 (3)

Paclitaxel 6 (20) 3 (5)

Pembrolizumab NA 0

Early discontinuation (<4
cycles) for toxicity, pro-
gression, or death, n (%)

Carboplatin 1 (3) 1 (2)

Paclitaxel 2 (7) 1 (2)

Pembrolizumab NA 2 (3)

CP carboplatin + paclitaxel, NA not applicable.

Table 3 | Treatment exposure (adjuvant phase)

Exposure CP
alone
(n = 30)

CP +
pembrolizumab
(n = 61)

Median no. of
cycles (range)

Carboplatin 3 (0–6) 3 (0–5)

Paclitaxel 3 (0–6) 3 (0–5)

Pembrolizumab NA 15 (0–24)

Bevacizumab 14.5 (0–22) 15 (0–24)

Early discontinua-
tion, n (%)a

Carboplatin 3 (10) 8 (13)

Progression 2 (7) 4 (7)

AE 1 (3) 1 (2)

Other 0 3 (5)b

Paclitaxel 6 (20) 11 (18)

Progression 3 (10) 4 (7)

AE 3 (10) 4 (7)

Other 0 3 (5)b

Pembrolizumab NA 40 (66)

Progression – 24 (39)

Toxicity – 14 (23)c

Other – 2 (3)d

Bevacizumab 21 (70) 41 (67)

Progression 15 (50) 23 (38)

Toxicity 4 (13) 10 (16)

Other 2 (7)e 8 (11)f

AE adverse event, CP carboplatin + paclitaxel, HIPEC hyperthermic intraperitoneal chemother-
apy, IDS interval debulking surgery, NA not applicable.
aBefore planned end of treatment per protocol.
bDeath (n = 1), HIPEC during IDS (n = 1), investigator decision (n = 1).
cOne case each of grade 2 colitis, grade 3 acute renal failure, grade 3 dilated cardiomyopathy,
grade3 arthralgia, grade 2 hypothyroidism, grade 1 salivary hyposecretion, grade3 autoimmune
hepatitis, grade3 cytolysis, grade4 sepsis, grade 1 hypereosinophilia, grade2 pancolitis, grade4
left ventricular ejection fraction decreased, grade 2 hepatic cytolysis, grade 2 cholangitis.
dDeath (n = 1), HIPEC during IDS (n = 1).
eBreast cancer (n = 1), missing (n = 1).
fNo bevacizumab administered (n = 5), patient died before adjuvant therapy (n = 1), patient
decision (n = 1), missing (n = 1).
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status ≤2; enrollment (informedconsent)≤8weeks after diagnosis; and
adequate hepatic, renal, and bonemarrow function. All patients had to
provide blood samples and tissue from a newly obtained (<8 weeks
before starting study treatment) core or excisional biopsy of a tumor
lesion. PD-L1 expression was evaluated retrospectively by immuno-
histochemistry on both tumor cells and immune cells using the Ven-
tana PD-L1 (SP263) assay (RocheDiagnostics, Zug, Switzerland), scored
using CPS algorithms. BRCA1/2 mutation status was tested locally
according to standard practice. HRD status was assessed using the
validated ShallowHRDv2 assay37. All patients provided written
informed consent before undergoing any study-specific procedures.

Treatment and study procedures
Eligible patients recruited by participating investigatorswere stratified
by center, FIGO stage (IIIC versus IV), metastasis volume (<5 cm versus
≥5 cm), and planned bevacizumab use after IDS (yes versus no).
Metastatic volume was included as a stratification factor based on the
slightly worse OS observed with NACT and IDS compared with PDS in
the small subgroup of patients with metastatic volume <5 cm in the
EORTC 55971 trial1. Patients were randomized in a 1:2 ratio using aweb-
based system (Euraxi Pharma, https://ecrf.euraxipharma.fr/CSOnline/)
and a minimization procedure to receive chemotherapy alone (stan-
dard-of-care arm) or combined with pembrolizumab (investigational
arm). All patients were to receive four cycles of chemotherapy (car-
boplatin area under the curve 5 or 6 plus paclitaxel 175mg/m² q3w)
before IDS, followed by two to five cycles of the same chemotherapy
doublet after IDS. Patients randomized to the investigational arm
received pembrolizumab 200mg q3w during chemotherapy and as
maintenance therapy for up to 2 years in total (15 months after sur-
gery). Dose modifications for toxicity are described in the protocol.
Treatment was continued until unacceptable toxicity or intercurrent
illness preventing further treatment, severe non-compliance, patient
or investigator decision, or objective radiologic disease progression
according to RECIST version 1.1, unless the investigator considered the
patient still to be benefiting from treatment and other discontinuation

criteria were not met. After IDS, bevacizumab 15mg/kg q3w was per-
mitted for 15 months in total in both treatment arms at the investiga-
tor’s discretion.

Tumors were assessed according to RECIST version 1.1 by cross-
sectional imaging at baseline, within 7 days before cycle 3, at the endof
NACT, at the end of adjuvant therapy, every 6 months during the first
year ofmaintenance therapy, and then at the timeof suspecteddisease
progression. Four weeks after the fourth cycle of NACT, patients

Table 4 | Most common adverse events during neoadjuvant
therapy (any grade in ≥10% of patients) irrespective of rela-
tionship to treatment

No. of patients with
adverse event (%)

NACT alone (n = 30) NACT +
pembrolizumab (n = 61)

Any
grade

Grade ≥3 Any
grade

Grade ≥3

Any 29 (97) 14 (47) 61 (100) 22 (36)

Asthenia 13 (43) 0 35 (57) 2 (3)

Nausea 9 (30) 0 26 (43) 0

Anemia 11 (37) 2 (7) 20 (33) 3 (5)

Alopecia 8 (27) 1 (3) 18 (30) 1 (2)

Abdominal pain 6 (20) 1 (3) 16 (26) 1 (2)

Constipation 5 (17) 0 15 (25) 0

Peripheral neuropathy 7 (23) 2 (7) 14 (23) 0

Arthralgia 6 (20) 0 13 (21) 0

Neutropenia 4 (13) 4 (13) 13 (21) 8 (13)

Diarrhea 5 (17) 0 10 (16) 0

Rash 1 (3) 0 10 (16) 0

Thrombocytopenia 5 (17) 0 7 (11) 2 (3)

Hypertension 1 (3) 0 6 (10) 2 (3)

Decreased appetite 2 (7) 0 6 (10) 1 (2)

Myalgia 0 0 6 (10) 0

Leukopenia 5 (17) 0 3 (5) 1 (2)

Fatigue 3 (10) 0 3 (5) 0

Table 5 | Less common adverse events during NACT (any
grade ≥3 with pembrolizumab irrespective of relationship to
treatment not shown in Table 4)

No. of patients with grade
≥3 adverse event (%)

NACT
alone (n = 30)

NACT+pembrolizumab
(n = 61)

Pulmonary embolism 1 (3) 2 (3)

Intestinal obstruction 1 (3) 1 (2)

Pyelonephritis 1 (3) 1 (2)

Sepsis 1 (3) 1 (2)a

Brain empyema 0 1 (2)a

Perinephric abscess 0 1 (2)b

Peritonitis 0 1 (2)b

Staphylococcal sepsis 0 1 (2)b

Central bone marrow
aplasia

0 1 (2)

Leukocytosis 0 1 (2)

Intra-abdominal fluid
collection

0 1 (2)

C-reactive protein
increased

0 1 (2)

Cachexia 0 1 (2)

Cerebral hemorrhage 0 1 (2)

Cerebral thromboem-
bolic event

0 1 (2)

Cough 0 1 (2)

Venous thrombosis 0 1 (2)

Hemorrhagic shock 0 1 (2)

Grade ≥3 events in the NACT-alone arm each in one patient (3%): vomiting, adverse drug reac-
tion, blood alkaline phosphatase increased, central neurotoxicity, dyspnea, dermatitis bullous,
pruritus, and stoma closure.
aBoth in the same patient.
bAll in the same patient.

Table 6 | Additional adverse events of special interest during
neoadjuvant therapy irrespective of relationship to treatment

No. of patients with adverse
event (%)

NACT
alone (n = 30)

NACT+
pembrolizumab
(n = 61)

Any
grade

Grade ≥3 Any
grade

Grade ≥3

Hypothyroidism 0 0 5 (8) 0

Hyperthyroidism 0 0 4 (7) 0

Thyroid disorder 0 0 1 (2) 0

Thyroiditis 0 0 1 (2) 0

Abdominal pain upper 1 (3) 0 2 (3) 0

Dyspepsia 0 0 1 (2) 0

Mucosal inflammation 0 0 3 (5) 0

Hepatocellular injury 1 (3) 0 1 (2) 0

Infusion-related reaction 0 0 1 (2) 0

Thyroid function test abnormal 0 0 1 (2) 0

Interstitial lung disease 0 0 2 (3) 0
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underwent a mandatory laparoscopy with PCI assessment and
resectability evaluation with the aim of performing IDS. AEs were
assessed at every treatment cycle according to the National Cancer
Institute Common Terminology Criteria for Adverse Events version
4.03. An independent datamonitoring committee reviewed safety data
at regular intervals throughout the study.

Outcome measures
The study was preregistered on September 7, 2017. Originally the
primary endpoint was CRR after IDS, defined as the removal of all
macroscopic residual tumor (CCI = 0; CC0) as assessed by the inves-
tigator. Thiswasmodified in aprotocol amendmenton June 3, 2020, to
CRR at IDS as assessed by a blinded independent centralized review by
two surgical experts and the coordinating investigator, who reviewed
the anonymized operative and pathologic reports of all patients at
screening, at IDS, and at other debulking surgery.

Secondary efficacy endpoints included CCI score by local assess-
ment, PCI score by local and central assessment (added at the June 3,
2020 protocol amendment, to be reported separately), ORR after four
neoadjuvant cycles according to RECIST version 1.1, best overall
response to the global strategy, PFS according to RECIST version 1.1
(defined as the interval between randomization and date of disease
progression or death, whichever occurred first), and OS. Other sec-
ondary endpoints included safety during NACT and in the adjuvant
setting, postoperativemortality, postoperativemorbidity according to
modified Clavien-Dindo classification, and pathological complete
response (pCR). pCR is not reported as it required a complete exam-
ination of the epiploon surgical part, which was not performed by all
centers.

Statistics
Assuming a 50% CRR at IDS with NACT alone, as reported in the
literature1,4, the planned sample size of 90 patients (60 in the investi-
gational arm, 30 in the standard-of-care arm) was calculated based on
the A’Hern single-stage design38, with a ≥70% success rate (CC0 at IDS)
in the pembrolizumab arm considered sufficient to justify further
evaluation and a <50% rate considered insufficient. The trial was
designedwith 90% power at a one-sided alpha of 0.05 based onCC0 in
33 of 54 evaluable patients in the pembrolizumab arm, assuming that
10% of patients would be non-evaluable. The standard-of-care armwas
included to avoid selection bias, but no formal statistical testing was
planned. All efficacy endpoints were evaluated in the intention-to-treat
population. Safety was analyzed in all patients who received at least
one dose of systemic therapy.

The secondary endpoints of PFS and OS were analyzed using the
Kaplan–Meier methodology. In post hoc exploratory subgroup ana-
lyses, PFS according to PD-L1 status and BRCA mutation status was
estimated using Kaplan–Meier methodology.

Data were collected in academic centers via an electronic case
report form (CS Online Ennov Clinical version v8.2.50 powered by
Euraxi Pharma, a French contract research organization). The data
were monitored through on-site monitoring visits by clinical research
associates according to a prespecified monitoring plan. All data were
centralized in a database thatwas handled and controlled according to
a specific data management plan, and analyzed using SAS version 9.4.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
Data sharing in a public repository was not planned at the beginning of
the study.Requests to access thedeidentifieddata for further scientific
use sent to ARCAGY-GINECO (Sébastien Armanet sarmanet@arca-
gy.org) will be considered on a case-by-case basis in a timely manner

beginning 3 months and ending 5 years after this article publication.
Requestsmust contain a proposalwith scientific andmethodologically
justified objectives. A Data Transfer Agreement will be established to
provide a formal framework regarding the use of the data. The dei-
dentified data underlying the results generated in this article are pro-
vided in the Source Data files. The study protocol is provided in the
Supplementary Note 1 in the Supplementary Information. Source data
are provided with this paper.
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