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BACKGROUND
Standard first-line chemotherapy for endometrial cancer is paclitaxel plus carbo-
platin. The benefit of adding pembrolizumab to chemotherapy remains unclear.

METHODS
In this double-blind, placebo-controlled, randomized, phase 3 trial, we assigned 
816 patients with measurable disease (stage III or IVA) or stage IVB or recurrent 
endometrial cancer in a 1:1 ratio to receive pembrolizumab or placebo along with 
combination therapy with paclitaxel plus carboplatin. The administration of pem-
brolizumab or placebo was planned in 6 cycles every 3 weeks, followed by up to 
14 maintenance cycles every 6 weeks. The patients were stratified into two cohorts 
according to whether they had mismatch repair–deficient (dMMR) or mismatch 
repair–proficient (pMMR) disease. Previous adjuvant chemotherapy was permitted 
if the treatment-free interval was at least 12 months. The primary outcome was 
progression-free survival in the two cohorts. Interim analyses were scheduled to 
be triggered after the occurrence of at least 84 events of death or progression in 
the dMMR cohort and at least 196 events in the pMMR cohort.

RESULTS
In the 12-month analysis, Kaplan–Meier estimates of progression-free survival in 
the dMMR cohort were 74% in the pembrolizumab group and 38% in the placebo 
group (hazard ratio for progression or death, 0.30; 95% confidence interval [CI], 
0.19 to 0.48; P<0.001), a 70% difference in relative risk. In the pMMR cohort, 
median progression-free survival was 13.1 months with pembrolizumab and 8.7 
months with placebo (hazard ratio, 0.54; 95% CI, 0.41 to 0.71; P<0.001). Adverse 
events were as expected for pembrolizumab and combination chemotherapy.

CONCLUSIONS
In patients with advanced or recurrent endometrial cancer, the addition of pem-
brolizumab to standard chemotherapy resulted in significantly longer progression-
free survival than with chemotherapy alone. (Funded by the National Cancer Insti-
tute and others; NRG-GY018 ClinicalTrials.gov number, NCT03914612.)
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Endometrial cancer is one of only a 
few malignant conditions for which both 
incidence and mortality are currently ris-

ing. By 2040, it is projected to be the third most 
prevalent cancer and the fourth leading cause 
of cancer death among women.1 Survival for 
women with uterine cancers has not improved 
during the past 4 decades, unlike the history of 
many other solid tumors.2,3

Investigators in the Gynecologic Oncology 
Group Study 209 (GOG0209)4 established the 
noninferiority of paclitaxel plus carboplatin as 
compared with paclitaxel–doxorubicin–cisplatin 
as standard first-line chemotherapy for the treat-
ment of patients with advanced or recurrent en-
dometrial cancer. The selection of therapies be-
yond first-line drugs is more complex because of 
the diverse histologic, molecular, and clinical 
features of endometrial cancers,5 including the 
use of molecular classification to determine 
whether the cancer is mismatch repair–deficient 
(dMMR) or mismatch repair–proficient (pMMR). 
Researchers in the Cancer Genome Atlas Net-
work found that 28% of endometrial cancers 
had high microsatellite instability on the basis 
of genomic assessment of seven repeat loci.5 
Monotherapy with an immune checkpoint inhibi-
tor (e.g., pembrolizumab6-8 and dostarlimab-gxly9) 
has established efficacy as the second line of 
therapy and beyond in patients with dMMR 
endometrial cancer with high microsatellite in-
stability. Pembrolizumab in combination with 
lenvatinib has shown efficacy in pMMR, micro-
satellite-stable endometrial cancer.10-12

The combination of pembrolizumab and cyto-
toxic chemotherapy has resulted in clinically sig-
nificant improvements in progression-free and 
overall survival in patients with multiple types of 
solid tumors.13,14 It has been hypothesized that 
these improvements resulted from increased 
antigenic diversity in the tumor from failure to 
repair point mutations and the potential immu-
nogenic effects of cytotoxic chemotherapy, 
which include inhibition of myeloid-derived sup-
pressor cells, increased antigen cross-presenta-
tion after immunogenic-cell death, enhanced 
dendritic-cell activity through STAT6 pathway 
inhibition, and an increased ratio of cytotoxic 
lymphocytes to regulatory T cells.15-18

We performed a phase 3, international, dou-
ble-blind, randomized, placebo-controlled trial 

(NRG-GY018) to evaluate standard chemother-
apy with paclitaxel plus carboplatin plus either 
pembrolizumab or placebo in patients with ad-
vanced or recurrent endometrial cancer. The two 
treatment strategies were analyzed in two inde-
pendent cohorts — patients with dMMR disease 
and those with pMMR disease — as determined 
on the basis of central immunohistochemical 
analysis.

Me thods

Trial Design and Oversight

The trial was conducted at 395 sites in four 
countries (the United States, Canada, Japan, and 
South Korea) in a two-step enrollment process. 
Step 1 included submission of the results of the 
institutional or local immunohistochemical analy-
sis of MMR status for examination in a central 
laboratory (NeoGenomics). If this examination 
was positive for MMR status, step 2 included 
registration and randomization. Inconclusive re-
sults regarding MMR status necessitated repeat 
testing. A protocol amendment that was imple-
mented on April 4, 2022, permitted step 2 regis-
tration and randomization on the basis of the 
institutional or local results regarding MMR 
status. However, central laboratory confirmation 
continued throughout the trial. For the primary 
analysis, patients were assigned to either the 
dMMR or pMMR cohort on the basis of a central 
review of MMR status.

The trial was funded by the National Cancer 
Institute (NCI), which provided pembrolizumab 
and placebo at no charge. Funding was provided 
by Merck through a cooperative research and 
developmental agreement with the NCI. Merck 
also provided supplemental funding to NRG 
Oncology (part of the National Clinical Trials 
Network), which conducted the trial. All the 
patients provided written informed consent.

Institutional review boards or independent 
ethics committees approved the trial protocol at 
each site. The trial was monitored by an inde-
pendent data and safety monitoring committee. 
All the authors contributed to the preparation of 
the manuscript and assume responsibility for 
the accuracy and completeness of the reported 
data and for the fidelity of the trial to the proto-
col, available with the full text of this article at 
NEJM.org.

A Quick Take is  
available at  

NEJM.org 
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Patients

Adult women (≥18 years of age) with confirmed 
advanced-stage, metastatic, or recurrent endo-
metrial cancer of any histologic subtype except 
for carcinosarcoma were eligible for enrollment. 
All the patients had newly diagnosed stage III or 
IVA disease according to the Response Evalua-
tion Criteria for Solid Tumors (RECIST), version 
1.1,19 for measurable disease or stage IVB or re-
current endometrial cancer with or without 
measurable disease. Patients who had received 
previous adjuvant chemotherapy were eligible if 
their chemotherapy-free interval was at least 12 
months. The receipt of previous radiation or 
hormonal therapy was permitted. Among the 
inclusion criteria were institutional results on 
immunohistochemical analysis of MMR status 
(except for sites in Japan), an available biopsy 
specimen for central immunohistochemical as-
sessment, and an Eastern Cooperative Oncology 
Group (ECOG) performance-status score of 0, 1, 
or 2 (on a scale of 0 to 5, with higher scores 
indicating greater disability). A comprehensive 
list of inclusion and exclusion criteria is provided 
in the trial protocol.

Randomization and Treatment

Patients in each cohort were randomly assigned 
in a 1:1 ratio to receive paclitaxel plus carbopla-
tin along with either pembrolizumab or placebo 
for 6 cycles, which was followed by pembrolizu-
mab or placebo maintenance every 6 weeks for 
up to 14 cycles; a maximum of 20 cycles of 
pembrolizumab or placebo could be adminis-
tered. Patients received 200 mg of pembrolizu-
mab or placebo administered intravenously in a 
30-minute infusion every 3 weeks in combina-
tion with chemotherapy, followed by 400 mg of 
pembrolizumab or placebo maintenance, admin-
istered intravenously in a 30-minute infusion 
every 6 weeks. On day 1 in the chemotherapy 
portion of the therapy, patients received pacli-
taxel administered intravenously in a 3-hour in-
fusion at a dose of 175 mg per square meter of 
body-surface area plus carboplatin at an area 
under the curve of 5 mg per milliliter per minute 
administered intravenously over 30 to 60 min-
utes. Patients with measurable disease who had 
RECIST-defined stable disease or a partial re-
sponse at the completion of cycle 6 were permit-
ted to receive paclitaxel plus carboplatin (with 

pembrolizumab or placebo) for up to 10 cycles at 
the discretion of the treating investigator. Ran-
domization to trial group was stratified accord-
ing to MMR status, ECOG performance status 
(0 or 1 vs. 2), and receipt of previous adjuvant 
chemotherapy (yes or no).

Outcomes

The primary outcome was progression-free sur-
vival, which was assessed by investigators accord-
ing to RECIST. Key secondary outcomes included 
safety, overall survival, and health-related quality 
of life as assessed with the use of validated and 
sensitive instruments, including the Trial Out-
come Index of the Functional Assessment of 
Cancer Therapy–Endometrial [FACT-En-TOI],20 
the short form of the FACT–GOG Neurotoxicity 
subscale, the short form of the Patient-Reported 
Outcomes Measurement Information System 
(PROMIS)–Fatigue, the short form of the PROMIS–
Physical Function, and a single-item survey mea-
suring the level of distress caused by the side 
effects of cancer therapy. Quality-of-life assess-
ments were performed only in the pMMR cohort. 
A comprehensive list of secondary outcomes is 
provided in the protocol.

All outcomes were examined separately in the 
dMMR and pMMR cohorts. Details regarding 
tumor assessments are provided in Table S1 in 
the Supplementary Appendix, available at NEJM 
.org. Adverse events, as assessed by NCI Com-
mon Terminology Criteria for Adverse Events, 
version 5.0, were recorded and graded from ran-
domization until 30 days after the last adminis-
tration of the trial drugs.

Statistical Analysis

We determined that the enrollment of 810 pa-
tients — 220 in the dMMR cohort and 590 in the 
pMMR cohort — would provide the trial with 
85% power to detect a relative reduction of 40% 
in the risk of progression or death as compared 
with chemotherapy alone in the dMMR cohort 
after the occurrence of 168 primary-outcome 
events and 90% power to detect a relative reduc-
tion of 30% in the pMMR cohort after the occur-
rence of 394 events. The complete statistical 
analysis plan is provided in the protocol.

The trial was based on the intention-to-treat 
principle, except for prerandomization eligibility 
exclusions and postrandomization adjustments 
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for incomplete central immunohistochemical 
results regarding MMR status owing to insuffi-
cient tumor quantity. The time that patients were 
considered to be at risk started on the date of 
randomization and continued until disease pro-
gression, death, or the date of the last follow-up.

The null hypothesis was tested separately in 
each MMR-status cohort at an initial signifi-
cance level of 0.0125 with a stratified log-rank 
statistic. The group that had the anticipated 
number of primary-outcome events was tested 
first. One interim analysis for futility in each 
cohort was planned after approximately half the 
anticipated primary-outcome events had oc-
curred. If the stratified log-rank statistic was 
greater than zero, indicating an equal or greater 
risk of failure in the pembrolizumab group, the 
trial would be considered for early closure due 
to futility.21 One interim efficacy analysis was 
planned after each cohort had been closed to 
enrollment and at least half the anticipated pri-
mary-outcome events had occurred. An O’Brien–
Fleming stopping boundary22 was used with a 
Lan–DeMets alpha spending function.23 At the 
data-cutoff date (December 16, 2022), the analy-
sis in the pMMR cohort had not been adjusted 
for multiplicity. If the null hypothesis for one 
cohort was rejected, then all the alpha (0.0125) 
would be forwarded to the other cohort for 
analysis. The alpha that was spent on the other 
group by means of the O’Brien–Fleming func-
tion was adjusted according to the rules outlined 
by Maurer and Bretz.24

At the time of the final analysis of progres-
sion-free survival or an interim analysis crossing 
the efficacy boundary, an interim overall sur-
vival analysis for futility was planned. The null 
hypothesis was that the risk of death would be 
lower in the pembrolizumab group than in the 
placebo group. Using a stratified Cox propor-
tional-hazards model, we tested the null hypoth-
esis at a 10% level of significance. A rejection 
of the null hypothesis would indicate a concern 
for lower overall survival in the pembrolizumab 
group.

R esult s

Patients

From July 2019 through December 2022, a total 
of 816 patients were enrolled, with 225 in the 

dMMR cohort and 591 in the pMMR cohort; of 
these patients, 588 were available for evaluation 
for efficacy analysis. The trial was closed to en-
rollment in the dMMR cohort in August 2022. 
Patients who had local pMMR results that were 
later determined to be dMMR by central review 
continued as part of the dMMR cohort. The trial 
was temporarily paused to enrollment from April 
2020 to November 2020 because of the coronavi-
rus disease 2019 pandemic to permit implementa-
tion of strategies to mitigate patient risk, given 
the placebo-controlled nature of the trial. The 
randomization plan is shown in Figure 1.

Most demographic characteristics along with 
clinical and pathological factors were well bal-
anced between patients in the pembrolizumab 
and placebo groups in both the dMMR and 
pMMR cohorts (Table 1). Of the 223 patients with 
centrally determined dMMR status (with 2 con-
firmations pending at the time of analysis), the 
results had been locally identified as pMMR in 
17 patients (7.6%). Of the 573 patients with cen-
trally determined pMMR status (with 15 confir-
mations pending), the results had been locally 
identified as dMMR in 12 patients (2.1%). Ap-
proximately 6% of the patients in the dMMR 
cohort had received adjuvant chemotherapy be-
fore enrollment, as compared with 25.3% of the 
patients in the pMMR cohort. Radiotherapy had 
been administered to approximately 43% of the 
patients in the dMMR cohort and to 39.6% of 
those in the pMMR cohort. Serous histologic 
analysis was largely restricted to the pMMR co-
hort.5 The clinical trial population reflected a 
racially diverse and representative cohort. Pa-
tients identified their race as Black in 8.9% of 
the dMMR cohort and in 16.3% of the pMMR 
cohort, which reflects the higher incidence of 
histologic and molecular subtypes associated 
with poor prognosis among Black women than 
among women of other races.1,25,26

Efficacy

The data set was closed on December 2, 2022, 
for analysis of futility in the pMMR cohort; on 
December 6, 2022, for analysis of efficacy in the 
pMMR cohort; and on December 16, 2022, for 
analyses of both futility and efficacy in the 
dMMR cohort. These separate data sets were 
analyzed and presented to the data and safety 
monitoring committee on January 26, 2023.
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The median follow-up was 12 months in the 
dMMR cohort and 7.9 months in the pMMR 
cohort. Follow-up times were similar according 
to randomized group in each cohort. At the time 
of the primary analysis, either pembrolizumab 
or placebo was still being administered to 39.6% 
of the patients in the dMMR cohort and to 
41.8% of those in the pMMR cohort; either pem-
brolizumab or placebo was discontinued in 57% 
of the patients in the trial, largely because of 
disease progression.

In the 12-month analysis in the dMMR co-

hort, the risk of disease progression or death 
was 70% lower with pembrolizumab than with 
placebo; Kaplan–Meier estimates of freedom 
from disease progression or death were 74% and 
38%, respectively (hazard ratio, 0.30; 95% CI, 
0.19 to 0.48; P<0.001) (Fig. 2A). Similarly, at a 
median follow-up of 7.9 months in the pMMR 
cohort, median progression-free survival was 
13.1 months with pembrolizumab and 8.7 months 
with placebo (hazard ratio, 0.54; 95% CI, 0.41 to 
0.71; P<0.001) (Fig. 2B). Subgroup analyses of 
progression-free survival in both the dMMR and 

Figure 1. Enrollment and Outcomes.

The patients were stratified into two cohorts according to whether they had mismatch repair–deficient (dMMR) or mismatch repair–
proficient (pMMR) disease on immunohistochemical (IHC) assessment.

816 Remained in the trial

1064 Patients were enrolled in the trial

248 Were excluded
6 Died

153 Had other reason
68 Declined to participate
21 Had unknown or unspecified

reason

225 Were determined to have dMMR
tumors on MMR IHC testing

591 Were determined to have pMMR
tumors on MMR IHC testing

225 Underwent randomization

112 Were assigned to receive
paclitaxel–carboplatin+

pembrolizumab

113 Were assigned to receive
paclitaxel–carboplatin+

placebo

295 Were assigned to receive
paclitaxel–carboplatin+
pembrolizumab

2 Did not have central MMR
IHC result

296 Were assigned to receive
paclitaxel–carboplatin+
placebo

1 Did not have central MMR
IHC result

591 Underwent randomization

112 Were included in the
efficacy analysis

113 Were included in the
efficacy analysis

293 Were included in the
efficacy analysis

295 Were included in the
efficacy analysis

109 Were included in the safety
analysis

3 Did not receive any treatment

106 Were included in the safety
analysis

7 Did not receive any treatment

276 Were included in the safety
analysis

11 Did not receive any treatment
6 Had incomplete results

274 Were included in the safety
analysis

11 Did not receive any treatment
10 Had incomplete results
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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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in Table 2; adverse events of interest are listed in 
Table 3. Similar frequencies of grade 3 or 4 ad-
verse events (regardless of attribution) were 
identified in the dMMR and pMMR cohorts.

In the dMMR cohort, adverse events of any 
cause (regardless of attribution by the treating 
physician) occurred in 98.2% of the patients in 
the pembrolizumab group and in 99.1% of those 
in the placebo group (Table 2). In the pMMR 
cohort, these frequencies were 93.5% and 93.4%, 
respectively. In the dMMR cohort, grade 3 or 
higher adverse events were reported in 63.3% of 
patients in the pembrolizumab group and in 
47.2% of those in the placebo group. In the 
pMMR cohort, these frequencies were 55.1% and 
45.3%, respectively.

Adverse events leading to death (grade 5) 
were reported in 3 of 215 patients (1.4%) in the 
dMMR cohort and included one each of cardiac 
arrest, sepsis, and lower gastrointestinal hemor-
rhage. One of these patients was in the pembro-
lizumab group and two were in the placebo 
group, and an association with the trial group 
was considered to be unlikely by the treating 
physician. In the pMMR cohort, 8 patients 
(1.5%) had grade 5 adverse events (6 in the pem-
brolizumab group and 2 in the placebo group), 
which included sepsis in 4 patients, cardiac ar-
rest in 2 patients, and small intestinal obstruc-
tion or sudden death not otherwise specified in 
1 patient each. Grade 5 cardiac arrest was 
deemed to be possibly related to pembrolizumab 
in 1 patient in the pMMR cohort.

Discussion

In this phase 3 trial, we found that the addition 
of pembrolizumab to standard chemotherapy, 
followed by pembrolizumab maintenance, result-
ed in a 70% lower risk of disease progression or 
death in patients in the dMMR cohort and a 46% 
lower risk in the pMMR cohort than in the pla-
cebo group. These data suggest that the incorpo-
ration of immunotherapy into the first-line treat-
ment of patients with advanced or recurrent 
endometrial cancer translates into improved on-
cologic outcomes, regardless of MMR status or 

histologic findings. Previous trials of mono-
therapy drugs against programmed cell death 
protein 1 (PD-1) and programmed death ligand 1 
(PD-L1) in patients with recurrent or metastatic 
pMMR endometrial cancer resulted in only mod-
est improvement.27-30

In our trial, the efficacy curves in the two 
MMR cohorts separated early in the course of 
treatment, with a preserved separation through-
out the evaluation period. This benefit was ob-
served in most subgroups, including among 
patients who had received previous adjuvant 
chemotherapy or radiation and among those 
with less common histologic subtypes. The ques-
tion of whether pembrolizumab plus chemo-
therapy has greater efficacy than pembrolizumab 
monotherapy in patients with newly diagnosed, 
advanced-stage or recurrent dMMR endometrial 
cancer warrants additional study.

The addition of pembrolizumab did not ap-
pear to increase the frequency of adverse events 
that are commonly associated with combination 
chemotherapy. Furthermore, the incidence of 
immune-mediated adverse events was not great-
er than that observed in previous studies of 
pembrolizumab monotherapy in patients with 
endometrial cancer.8

A limitation of this trial is the relatively short 
duration of follow-up. Although protocol-speci-
fied criteria were met for the primary efficacy 
analysis of progression-free survival in both the 
dMMR and pMMR cohorts, safety and efficacy 
monitoring are ongoing.

Our results show that pembrolizumab in com-
bination with chemotherapy and continued as 
maintenance therapy led to significantly longer 
progression-free survival than placebo in patients 
with dMMR and pMMR endometrial cancers.
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