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ABSTRACT

Breast and gynecologic cancers are common
across the world and are associated with substan-
tial societal and economic burden. Pembroli-
zumab was among the first immune checkpoint
inhibitors targeting programmed cell death
protein 1 to be approved for the treatment of
patients with triple-negative breast cancer, cervi-
cal cancer, and endometrial cancer. Recent clini-
cal trials have established pembrolizumab regi-
mens as a standard of care treatment for these
tumor types. Clinical data are further supported
by patient-reported outcome, cost-effectiveness,
and real-world evidence. Pembrolizumab mono-
therapy and combination regimens do not neg-
atively influence health-related quality of life
and are cost-effective relative to comparators.
Ongoing phase 3 studies with pembrolizumab
will expand the current understanding of its
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use in breast and gynecologic cancers. Several
of these studies are in patients with early-stage
disease with the hope of curing patients. The
main objective of this review is to summarize
the clinical, humanistic, and economic value of
pembrolizumab in these settings and to describe
the future challenges for patients, caregivers, cli-
nicians, and payers.
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Key Summary Points

We review the clinical, humanistic, and eco-
nomic value of pembrolizumab monotherapy
and combination therapies in the treatment
of patients with breast and gynecologic can-
cers.

Recent clinical trials have established pem-
brolizumab regimens as a standard of care

treatment for triple-negative breast cancer,
cervical cancer, and endometrial cancer.

Patient-reported outcomes, cost-effectiveness
analysis, and real-world evidence support the
clinical data.

Several ongoing phase 3 studies are evaluat-
ing pembrolizumab regimens in patients with
triple-negative breast cancer (1 trial), HR+/
HER2- breast cancer (2 trials), endometrial
cancer (3 trials), cervical cancer (1 trial), and
ovarian cancer (3 trials), with the goal of
improving the lives of patients and poten-
tially providing a cure for patients with early-
stage disease.

Results from these ongoing studies of pem-
brolizumab will expand the current under-
standing of its use in breast and gynecologic
cancers.

INTRODUCTION

Breast and gynecologic cancers are among
the tumor types with the highest global inci-
dence rates in women and are among the most
common causes of cancer-related death [1].
The 2020 GLOBOCAN report estimated that
breast cancer accounted for 24.5% of all new
cancer cases (~2.3 million patients) and 15.5% of
cancer-related deaths (~ 685,000 patients) among
women worldwide. Breast cancer can also occur
in men, with incidence rates ranging from 1.3
to 1.9 per 100,000 in the USA and Europe [2, 3].
In an analysis of the Surveillance, Epidemiology,
and End Results database, cumulative mortality
rates due to male breast cancer were 2.23% at

1 year, 7.56% at 3 years, and 13.10% at 5 years
[4]. Gynecologic cancers, including endome-
trial, cervical, and ovarian cancers, accounted
for 14.5% of all new cancer cases (~1.3 million
patients) and 14.6% of cancer-related deaths
(~ 646,000 patients). In 159 of the 185 countries
included in the 2020 GLOBOCAN estimates,
breast cancer was the most commonly diagnosed
cancer among women; in 23 of the remaining
26 countries, cervical cancer was the most com-
monly diagnosed cancer [1].

Breast and gynecologic cancers are associated
with substantial economic burden [5-14]. Direct
medical costs increase with more advanced dis-
ease and subsequent lines of therapy [7, 11,
12, 14]. In a large systematic literature review,
for example, estimates of annual direct medi-
cal costs to treat triple-negative breast cancer
(TNBC) in the USA, Canada, and France ranged
from $20,000 to $100,000 in 2021 US dollars
(USD) per patient for stage I to III disease and
from $100,000 to $300,000 USD (or higher)
per patient for stage IV disease [12]. More
rapid disease progression (i.e., <12 months vs
>12 months from initiating first-line chemo-
therapy) has also been shown to increase direct
medical costs in patients with ovarian cancer
[5]. Hospitalizations typically account for the
majority of the direct medical costs associated
with breast and gynecologic cancers, whereas
systemic anticancer treatment typically contrib-
utes between 5% and 30% [8, 9, 11, 12]. Indirect
costs are also common in these patients (e.g.,
productivity loss because of absenteeism and dis-
ability, early retirement) and may increase with
advancing disease or recurrence [6, 12-14].

In addition to the financial impact of breast
and gynecologic cancers, social well-being and
health-related quality of life (HRQoL) are also
likely to be negatively atfected. Women with
cancer, including breast and gynecologic can-
cers, have been shown to experience greater
impairment than men in their relationships
with others [15]. Patients may experience more
limitations (e.g., physical, social, activity),
greater cognitive impairment, and worse general
health than control patients without cancer [6,
8, 16-18], and further deterioration in HRQoL
may accompany disease progression or recur-
rence [19, 20]. Some of the detriment in HRQoL
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associated with these cancers can be attributed
to the toxicities caused by systemic anticancer
treatment, particularly chemotherapy [12, 20,
21]. An unmet need exists for therapeutic agents
that improve outcomes, including HRQoL, and
have manageable toxicity in patients with breast
and gynecologic cancers [22-29].
Immunotherapy has emerged as a promis-
ing therapeutic approach for the treatment of
multiple tumor types [30]. The monoclonal
antibody pembrolizumab was among the first
immune checkpoint inhibitors targeting pro-
grammed cell death protein 1 (PD-1) [30]. Pem-
brolizumab is approved for the treatment of
certain patients with TNBC, endometrial can-
cer, and cervical cancer, with multiple regula-
tory approvals across these settings (Table 1)
[31, 32]. Additionally, pembrolizumab con-
tinues to be studied in a broad clinical devel-
opment program in breast and gynecologic
cancers. The main objective of this review is
to summarize the clinical, humanistic, and
economic value of pembrolizumab monother-
apy and combination therapies in these set-
tings and to discuss the future challenges for
patients, their families, clinicians, and payers.
The poly(ADP-ribose) polymerase (PARP) inhib-
itor olaparib [33, 34], which has an important
role in the treatment of breast and ovarian
cancers, is briefly discussed as the agent is part
of the same clinical development program as
pembrolizumab. This article is based on previ-
ously conducted studies and does not contain
any new studies with human participants or
animals performed by any of the authors.

CLINICAL, HUMANISTIC,
AND ECONOMIC VALUE OF
PEMBROLIZUMAB

Clinical Trial Evidence

The specific indications of pembrolizumab for
the treatment of breast and gynecologic cancers
are detailed in Table 1. Chemotherapy has been
a standard of care treatment in these settings,
but unprecedented progress has been made with

pembrolizumab in the last 5 years, including
eight approvals in the USA and five approvals
in Europe. Efficacy results from clinical trials
of pembrolizumab in patients with breast and
gynecologic cancers are briefly summarized in
the following sections. More detailed efficacy
and safety findings from the clinical trials that
led to the approval of pembrolizumab in these
settings are presented in Table 2.

Breast Cancer

TNBC TNBC is diagnosed in 10-15% of
patients with breast cancer [35, 36]. The 4-year
survival rate for TNBC is 77%; rates are higher
for stage I (95%) and stage II (84%) disease com-
pared with stage III (53%) and stage IV (11%)
disease [37]. Patients with TNBC are also more
likely to experience disease recurrence, which
tends to occur earlier than with other breast
cancer subtypes [38-41].

Pembrolizumab is the first immunotherapy
approved in the early-stage TNBC setting.
Before approval of pembrolizumab in this set-
ting, standard therapy for early-stage TNBC
included a variety of chemotherapy regimens
[42, 43]. Approval for pembrolizumab in early-
stage TNBC was based on results from the KEY-
NOTE-522 trial, in which neoadjuvant pem-
brolizumab plus chemotherapy followed by
adjuvant pembrolizumab demonstrated sta-
tistically significant and clinically meaningful
improvements in pathologic complete response
[PCR; 65% vs 51%; estimated treatment differ-
ence, 13.6 percentage points (95% CI 5.4-21.8);
P<0.001] and event-free survival (EFS; events
occurred in 16% of patients vs 24%; estimated
EFS at 36 months, 85% vs 77%) versus neoad-
juvant placebo plus chemotherapy followed by
adjuvant placebo in patients with previously
untreated, high-risk, early-stage TNBC. Benefits
were observed regardless of tumor programmed
cell death ligand 1 (PD-L1) status [44, 45].
Recently, positive overall survival results for
KEYNOTE-522 were reported [46].

In the late-stage setting, approval was based
on results from the KEYNOTE-355 trial, in
which the addition of pembrolizumab to chem-
otherapy demonstrated statistically signifi-
cant and clinically meaningful improvements
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CPS combined positive score, dMMR mismatch repair deficient, EMA European Medicines Agency, FIGO International Federation of Gynecology and Obstet-

Table 1 continued

rics, HER2 human epidermal growth factor receptor 2, HR hormone receptor, HRD homologous recombination deficiency, MSI-H microsatellite instability-high,

PD-L1I programmed cell death ligand 1, pMMR mismatch repair proficient, TNBC triple-negative breast cancer, US FDA United States Food and Drug Administra-

tion

in progression-free survival (PFS) and over-
all survival (OS) versus chemotherapy alone
in patients with previously untreated, locally
recurrent unresectable or metastatic TNBC
whose tumors expressed PD-L1 (combined posi-
tive score [CPS]>10; PFS hazard ratio [HR] 0.65
[95% CI 0.49-0.86], one-sided P=0.0012; OS HR
0.73 [95% CI 0.55-0.93]) [47, 48].

Hormone Receptor-Positive/Human Epidermal
Growth Factor Receptor 2-Negative Breast Can-
cer The most common breast cancer subtype,
hormone receptor-positive (HR+)/human epider-
mal growth factor receptor 2-negative (HER2-)
breast cancer, accounts for about 70% of all
breast cancer cases [37, 49-52]. An estimated 17%
of patients with early-stage HR+/HER2—- breast
cancer will experience disease recurrence within
5 years of initiating endocrine therapy [53].

Pembrolizumab is not currently approved for
the treatment of patients with HR+/HER2- breast
cancer. Several studies have evaluated pembroli-
zumab, alone or in combination with other
agents, in the early-stage [54] and late-stage
[55-63] settings. Although some patients derived
benefit, the sample sizes in these studies were
small and no definitive conclusions could be
made. Two phase 3 trials are ongoing in patients
with HR+/HER2- breast cancer (see Ongoing
Phase 3 Trials).

Gynecologic Cancers

Five-year survival rates for patients with newly
diagnosed gynecologic cancers are estimated
to be 49% for ovarian cancer, 66% for cervical
cancer, and 81% for endometrial cancer across
all disease stages [64]. However, in patients with
metastatic disease, 5-year survival rates are only
18% for endometrial and cervical cancer and
30% for ovarian cancer. Approximately 50% of
patients with ovarian cancer, 15% with cervical
cancer, and 9% with endometrial cancer have
metastatic disease at the time of diagnosis [64].
Disease recurrence is common despite curative
intent surgery with or without adjuvant therapy
[65-68].

Endometrial Cancer Pembrolizumab mono-
therapy and the combination of pembrolizumab
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plus lenvatinib are standard of care treatments
for patients with endometrial cancer [69, 70].
Full approval of pembrolizumab monotherapy
was based on results from the KEYNOTE-158
trial, in which pembrolizumab provided robust
and durable antitumor activity with an objec-
tive response rate (ORR) of 48% (95% CI
37-60%) in patients with advanced microsat-
ellite instability-high (MSI-H)/mismatch repair
deficient (AIMMR) endometrial cancer following
prior systemic therapy [71]. Approval of pem-
brolizumab plus lenvatinib was based on results
from the KEYNOTE-775 trial, in which the com-
bination provided statistically significant and
clinically meaningful improvements in PFS [HR,
mismatch repair proficient (pMMR) popula-
tion: 0.60 (95% CI 0.50-0.72); P<0.001; overall
population: 0.56 (95% CI 0.47-0.66); P<0.001],
OS [HR, pMMR population: 0.68 (95% CI
0.56-0.84); P<0.001; overall population: 0.62
(95% CI 0.51-0.75); P<0.001], and ORR (pMMR
population: 30.3% vs 15.1%; overall popula-
tion: 31.9% vs 14.7%) versus chemotherapy
alone in patients with advanced, recurrent, or
metastatic endometrial cancer following prior
systemic therapy [72]. Continued clinical ben-
efit of combination therapy was observed with
extended follow-up [73].

More recently, results of the NRG-GYO018
trial were published [74]. In this collaborative
study with the National Cancer Institute and
NRG Oncology, the combination of pembroli-
zumab plus chemotherapy demonstrated sta-
tistically significant and clinically meaningful
improvement in the primary endpoint of PFS
versus chemotherapy alone in patients with pre-
viously untreated, advanced or recurrent endo-
metrial cancer. The HR for PFS was 0.30 (95% CI
0.19-0.48; P<0.001) in the dMMR population
and 0.54 (95% CI 0.41-0.71; P<0.001) in the
PMMR population. Based on results from the
NRG-GYO018 trial, the regimen was recently
approved in this setting and the National Com-
prehensive Cancer Network guidelines list it as
a preferred option for endometrial cancer that
is stage III or IVA with measurable disease or
stage IVB with or without measurable disease
[69].

At present, the only other immunotherapy-
based combination that has received approval

by the US Food and Drug Administration (FDA)
is the combination of dostarlimab plus carbo-
platin and paclitaxel followed by single-agent
dostarlimab in patients with primary advanced
or recurrent endometrial cancer that is AMMR, as
determined by an FDA-approved test, or MSI-H
[75]. This approval was based on results from the
randomized, double-blind, phase 3 RUBY study,
in which the addition of dostarlimab to carbo-
platin and paclitaxel significantly improved PFS
in patients with primary advanced stage III or IV
or first recurrent dAMMR endometrial cancer (HR
0.28 [95% CI 0.16-0.50]; P<0.001) [75].

Cervical Cancer Pembrolizumab monother-
apy and the combination of pembrolizumab
plus chemotherapy are standard of care treat-
ments for patients with cervical cancer [76].
Approval of pembrolizumab monotherapy was
based on results from the KEYNOTE-158 trial, in
which pembrolizumab provided durable antitu-
mor activity in patients with recurrent or meta-
static, PD-L1-positive (CPS>1) cervical cancer
following prior systemic therapy [77]. Approval
of pembrolizumab plus chemotherapy, with
or without bevacizumab, was based on results
from the KEYNOTE-826 trial, in which this regi-
men provided statistically significant and clini-
cally meaningful improvements in PFS and OS
versus chemotherapy, with or without bevaci-
zumab, in patients with previously untreated,
persistent, recurrent, or metastatic cervical can-
cer [78]. Benefits were seen in the PD-L1 CPS>1,
all-comer, and PD-L1 CPS>10 populations [78].
More recently, in the locally advanced setting,
pembrolizumab with chemoradiotherapy (CRT)
has been approved for patients with FIGO 2014
Stage III-IVA cervical cancer. This is based on
the results of the KEYNOTE-A18 study, which
recently reported positive OS results [79, 80].

In addition to pembrolizumab, the anti-PD-1
monoclonal antibody cemiplimab has also
demonstrated benefit in patients with cervi-
cal cancer. In the EMPOWER-Cervical 1/GOG-
3016/ENGOT-cx9 study, OS was significantly
improved among patients with previously
treated recurrent cervical cancer who received
cemiplimab compared with those who received
chemotherapy (HR 0.69 [95% CI 0.56-0.84];
two-sided P<0.001) [81].
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Ovarian Cancer Pembrolizumab, alone or
as part of combination therapy, is not cur-
rently approved for the treatment of patients
with ovarian cancer. Results from several tri-
als (KEYNOTE-100, KEYNOTE-028, and KEY-
NOTE-158) demonstrated modest antitumor
activity with pembrolizumab monotherapy in
patients with advanced ovarian cancer [82-
84], including increased response rates with
higher tumor PD-L1 expression [82]. Modest
antitumor activity has also been reported in
trials evaluating the combination of pembroli-
zumab with niraparib (KEYNOTE-162/TOPA-
CIO) [85], nemvaleukin alfa (ARTISTRY-1) [86],
and lenvatinib (LEAP-005) [87]. Several ongo-
ing trials are assessing pembrolizumab combi-
nation therapies in patient populations with
high unmet need, including KEYLYNK-001 in
primary advanced, BRCA1/2-nonmutated dis-
ease and KEYNOTE-B96 in platinum-resistant
disease (see Ongoing Phase 3 Trials).

Safety

A pooled analysis of data from 31 clinical trials
evaluated the safety profile of pembrolizumab
monotherapy across multiple tumor types.
Among 8937 patients in the pooled safety
dataset, 96.6% of patients who received pem-
brolizumab experienced at least one AE of any
cause. The most frequently reported AEs were
tatigue (29.7%), nausea (20.4%), and decreased
appetite (20.3%). Any-grade immune-mediated
AEs and infusion reactions were reported by
23.7% of patients. The most frequently occur-
ring immune-mediated AEs and infusion reac-
tions were hypothyroidism (10.5%), pneumo-
nitis (4.2%), and hyperthyroidism (4.0%) [88].

Patient-Reported Outcome Evidence

Patient-reported outcome (PRO) results associ-
ated with pembrolizumab, administered alone
or in combination with other agents, are sum-
marized in the following sections and detailed
in Table 3.

Breast Cancer

TNBC The KEYNOTE-522 trial assessed PROs
in patients with previously untreated, high-risk,
early-stage TNBC [89]. PROs based on the Euro-
pean Organisation for Research and Treatment
of Cancer (EORTC) Quality of Life Question-
naire-Core 30 (QLQ-C30) and the EORTC Breast
Cancer-Specific Quality of Life Questionnaire
(QLQ-BR23) were prespecified secondary objec-
tives, and those based on the EuroQol 5-Dimen-
sion questionnaire (EQ-5D) were exploratory
objectives. Neoadjuvant pembrolizumab plus
chemotherapy followed by adjuvant pembroli-
zumab did not adversely impact HRQoL com-
pared with neoadjuvant chemotherapy alone.
The findings were consistent across all question-
naires assessed in both the neoadjuvant and
adjuvant phases [89].

The KEYNOTE-355 trial assessed PROs in
patients with previously untreated, locally recur-
rent unresectable or metastatic TNBC [90]. The
same questionnaires as described for the KEY-
NOTE-522 trial were used as prespecified sec-
ondary and exploratory objectives. In the PD-L1
CPS=10 population, HRQoL findings were sim-
ilar for patients who received pembrolizumab
plus chemotherapy or chemotherapy alone,
suggesting that combination therapy did not
compromise HRQoL in this population [90]. A
separate analysis of data from the KEYNOTE-355
trial used the Quality-adjusted Time Without
Symptoms of disease progression or Toxicity of
treatment (Q-TwiST) method, which incorpo-
rates efficacy, toxicity, symptom palliation, and
HRQoL in assessing the value of anticancer ther-
apy [91]. Pembrolizumab plus chemotherapy
provided statistically significant and clinically
meaningful improvements in Q-TwiST versus
chemotherapy alone [91].

Gynecologic Cancers

Endometrial Cancer The KEYNOTE-158 [92]
and KEYNOTE-775 [93] trials assessed PROs in
patients with endometrial cancer. In the KEY-
NOTE-158 trial in patients with previously
treated, advanced MSI-H/dMMR endometrial
cancer, PROs based on the QLQ-C30 and Euro-
Qol 5-Dimension 3-Level questionnaire (EQ-
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5SD-3L) were prespecified exploratory endpoints
[92]. Pembrolizumab monotherapy improved
or maintained HRQoL, with the greatest benefit
seen in patients who achieved a complete or
partial response [92]. In the KEYNOTE-775 trial
in patients with previously treated, advanced,
recurrent, or metastatic endometrial cancer,
the QLQ-C30 global health status/quality of
life (GHS/QoL) score was a prespecified second-
ary objective, and PROs based on the QLQ-C30
(other than GHS/QoL), the EORTC endometrial
cancer module (QLQ-EN24), and the EuroQol
5-Dimension 5-Level questionnaire (EQ-5D-5L)
were exploratory objectives [93]. Patients treated
with either pembrolizumab plus lenvatinib or
chemotherapy alone experienced deterioration
in HRQoL over time, and declines were gener-
ally similar in both treatment groups, although
some differences were seen on individual scales.
Taken together with the efficacy and safety find-
ings, an overall positive benefit/risk profile was
demonstrated in this study [93].

Cervical Cancer The KEYNOTE-826 trial assessed
PROs in patients with previously untreated, persis-
tent, recurrent, or metastatic cervical cancer [94].
The GHS/QoL score of the QLQ-C30 was a pre-
specified secondary objective, and PROs based on
the QLQ-C30 (other than GHS/QoL) and on the
EORTC cervical cancer module (QLQ-CX24) and
EQ-5D-5L were exploratory objectives. The addi-
tion of pembrolizumab to chemotherapy, with or
without bevacizumab, did not negatively affect
HRQoL and median time to deterioration in EQ-
SD-5L visual analogue scale was better than in the
control arm [94].

Cost-effectiveness Evidence

Cost-effectiveness results associated with pem-
brolizumab monotherapy and combination
therapies are summarized in the following sec-
tions and detailed in Table 4. All results are from
a US third-party payer perspective.

Breast Cancer

TNBC A multistate transition model was
developed to assess the cost-effectiveness of

neoadjuvant pembrolizumab plus chemother-
apy followed by adjuvant pembrolizumab com-
pared with neoadjuvant chemotherapy alone
in the early-stage TNBC setting [95]. Data were
derived from the KEYNOTE-522 trial in patients
with previously untreated, high-risk, early-stage
TNBC. The pembrolizumab-based regimen
improved quality-adjusted life years (QALY) and
life years (LY). The incremental cost per QALY
gained was below willingness-to-pay thresholds
defined by the Institute of Clinical and Eco-
nomic Review and World Health Organization
criteria [95].

A partitioned-survival model was developed to
assess the cost-effectiveness of pembrolizumab
plus chemotherapy compared with chemother-
apy alone in the late-stage TNBC setting [96].
Data were derived from the KEYNOTE-355 trial
in patients with previously untreated, locally
recurrent unresectable or metastatic TNBC. In
the PD-L1 CPS>10 population, combination
therapy improved QALY and LY and was cost-
effective compared with chemotherapy alone.
The authors also found pembrolizumab plus
nab-paclitaxel to be cost-effective versus atezoli-
zumab plus nab-paclitaxel based on a network
meta-analysis. Data for the atezolizumab plus
nab-paclitaxel arm were from the PD-L1 CPS>10
population in the IMpassion130 trial [96].

Gynecologic Cancers

Endometrial Cancer A  partitioned-survival
model was developed to assess the cost-
effectiveness of pembrolizumab compared with
chemotherapy in patients with endometrial
cancer [97]. Data for pembrolizumab were
derived from the KEYNOTE-158 trial in patients
with previously treated, advanced MSI-H/
dMMR endometrial cancer, and those for chem-
otherapy were derived from published literature
in patients with previously treated, advanced
endometrial cancer and unknown MSI-H/dMMR
status. Pembrolizumab improved QALY and LY
and was cost-effective compared with chemo-
therapy [97]. Secondly, the cost-effectiveness of
pembrolizumab in combination with chemo-
therapy compared with chemotherapy alone
was assessed using a Markov model that simu-
lated the receipt of pembrolizumab plus chemo-
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therapy or chemotherapy alone by patients with
previously untreated advanced endometrial
cancer from the NRG-GYO018 trial. The combi-
nation of pembrolizumab with chemotherapy
was cost-effective compared with chemother-
apy alone for patients with advanced or recur-
rent endometrial cancer, regardless of AMMR or
PMMR status [98]. A cost-effectiveness analy-
sis from the KEYNOTE-775/Study-309 study of
pembrolizumab plus lenvatinib compared with
chemotherapy in patients with recurrent pMMR
endometrial cancer after platinum-based ther-
apy has recently been published. In this USA-
based analysis, a Markov decision model was
used to create a hypothetical clinical trajectory
for women with recurrent pMMR endometrial
cancer who had failed carboplatin and paclitaxel
and had received either pembrolizumab plus
lenvatinib or chemotherapy. The incremental
cost-effectiveness ratio for pembrolizumab plus
lenvatinib versus chemotherapy was $163,735/
QALY [99].

Cervical Cancer A multistate transition model
was developed to assess the cost-effectiveness of
pembrolizumab plus chemotherapy with or with-
out bevacizumab compared with chemotherapy
with or without bevacizumab in patients with
cervical cancer [100]. Data were derived from the
KEYNOTE-826 trial in patients with previously
untreated, persistent, recurrent, or metastatic cer-
vical cancer. The pembrolizumab-based regimen
improved QALY and LY and was cost-effective
compared with chemotherapy with or without
bevacizumab [100].

Real-World Evidence and Network
Meta-analyses

Breast Cancer

TNBC In the absence of randomized compara-
tive trials, two fixed-effects Bayesian network
meta-analyses/indirect treatment comparisons
assessed the efficacy of pembrolizumab-based
therapies compared with other available treat-
ments for patients with early-stage [101] and
late-stage [102] TNBC. In the early-stage setting,
the KEYNOTE-522 regimen (i.e., neoadjuvant

pembrolizumab plus chemotherapy followed
by adjuvant pembrolizumab) provided statisti-
cally or numerically higher pCR rates compared
with neoadjuvant paclitaxel plus carboplatin
followed by adjuvant anthracycline plus cyclo-
phosphamide [odds ratio (OR) 1.36 (95% CI
1.06-1.73)], neoadjuvant docetaxel plus car-
boplatin followed by adjuvant anthracycline
plus cyclophosphamide [OR 1.37 (95% CI 0.61-
3.14)], neoadjuvant nab-paclitaxel followed
by adjuvant anthracycline plus cyclophospha-
mide [OR 1.19 (95% CI 0.61-2.30)], neoadju-
vant paclitaxel followed by adjuvant anthracy-
cline plus cyclophosphamide [OR 3.12 (95% CI
2.04-4.85)], neoadjuvant paclitaxel plus bevaci-
zumab followed by adjuvant anthracycline plus
cyclophosphamide plus bevacizumab [OR 1.89
(95% CI 1.07-3.30)], and neoadjuvant pacli-
taxel plus carboplatin plus veliparib followed
by adjuvant anthracycline plus cyclophospha-
mide [OR 1.42 (95% CI 0.92-2.21)] [101]. Neo-
adjuvant pembrolizumab plus chemotherapy
followed by adjuvant pembrolizumab also
improved EFS relative to neoadjuvant paclitaxel
plus carboplatin followed by adjuvant anthracy-
cline plus cyclophosphamide [HR 0.63 (95% CI
0.48-0.82)], neoadjuvant docetaxel plus car-
boplatin followed by adjuvant anthracycline
plus cyclophosphamide [HR 0.54 (95% CI 0.14-
2.09)], neoadjuvant nab-paclitaxel followed
by adjuvant anthracycline plus cyclophospha-
mide [HR 0.58 (95% CI 0.28-1.17)], neoadju-
vant paclitaxel followed by adjuvant anthracy-
cline plus cyclophosphamide [HR 0.36 (95% CI
0.21-0.61)], and neoadjuvant paclitaxel plus
carboplatin plus veliparib followed by adjuvant
anthracycline plus cyclophosphamide [HR 0.57
(95% CI 0.34-0.95)] [101].

In the late-stage setting, the KEYNOTE-355
regimen (i.e., pembrolizumab plus nab-pacli-
taxel) was shown in a network meta-analysis/
indirect treatment comparison to be numerically
or statistically superior for OS to atezolizumab
plus nab-paclitaxel [HR 0.82 (95% CI 0.46-1.44)],
carboplatin [HR 0.41 (95% CI 0.21-0.83)], doc-
etaxel [HR 0.35 (95% CI 0.19-0.67)], and nab-
paclitaxel [HR 0.63 (95% CI 0.39-1.02)] [102].
Similar results were reported for PFS, with cor-
responding HRs of 0.90 (95% CI 0.54-1.51), 0.74
(95% CI 0.39-1.41), 0.77 (95% CI 0.42-1.41),
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and 0.64 (95% CI 0.41-1.01), respectively. Ben-
efits were also observed with the combination of
pembrolizumab plus paclitaxel (or gemcitabine/
carboplatin) versus most comparators [102].

Gynecologic Cancers

Endometrial Cancer Real-world evidence is
available on the use of pembrolizumab mono-
therapy [103] and the combination of pem-
brolizumab plus lenvatinib in patients with
endometrial cancer. Endometrial Cancer Health
Outcomes (ECHO) was a retrospective chart
review study of outcomes in patients with
advanced MSI-H/dAMMR endometrial cancer
who experienced treatment failure following
previous systemic therapy [103]. Median PFS
was 29.0 months (95% CI 18.0 months-not
reached) among 91 patients treated with pem-
brolizumab monotherapy, 4.0 months (95% CI
2.0-9.0 months) among 21 patients treated with
chemotherapy (with or without bevacizumab),
and 2.0 months (95% CI 2.0-9.0 months)
among 12 patients treated with doxorubicin or
doxorubicin liposomal monotherapy [103].

The Endometrial Dosing in Real World
(ENDOW) study was a retrospective assessment
of utilization and dosing patterns of pembroli-
zumab plus lenvatinib in patients with previ-
ously treated endometrial cancer using IQVIA
claims data [104]. The median time on treat-
ment for the combination was 5.1 months in
the second-line setting and 5.8 months in later
settings. Most patients initiated treatment with
lenvatinib at the label-recommended dose
(20 mg daily), including 71% of patients in the
second-line setting and 64% of patients in later
settings, and 48% and 47% of patients, respec-
tively, remained on the same lenvatinib dose for
the treatment duration [104].

Cervical Cancer One study provided real-
world evidence on the use of chemotherapy, tar-
geted therapy, and immunotherapy in patients
with recurrent cervical cancer [105, 106]. A total
of 959 patients were included in the analysis.
The most common treatments at first recur-
rence were platinum-based chemotherapy com-
binations (64%), nonplatinum cytotoxic agents
(17%), single platinum agents (15%), bevaci-

zumab (6%), and pembrolizumab (3%). Among
patients treated with nonplatinum agents, use
of targeted therapy tended to increase over time
and use of immunotherapy was highest in the
most recent years [105, 106]. A study conducted
in patients with high-risk locally advanced
cervical cancer across four continents (North
America, South America, FEurope, and Asia) in
different healthcare systems provided evidence
that patients most frequently seek information
on the disease state and treatment options/side
effects [107, 108]. Notably, primary motivators
for seeking information varied across the four
continents, as did satisfaction with the informa-
tion received; these differences could be attrib-
uted to varying social and cultural differences
in these countries that could influence treat-
ment options and treatment preferences. With
the exception of patients in the USA, patients
reported more negative feelings than positive in
their search for information. Patients may also
defer or avoid searching for information when
they suffer from fear, anxiety, depression, stress,
and confusion, which indicates a high unmet
need for seeking information on cervical can-
cer in these four continents. A recent Delphi
study showed that in addition to patient suffer-
ing, 51% of family caregivers experience anxi-
ety/worry, 66% have financial difficulties, and
12-18% have different types of spiritual suffer-
ing [109]. These results indicate the importance
of taking into account family caregivers when
establishing policy support for patients with
cervical cancer.

OLAPARIB IN BREAST AND
OVARIAN CANCERS

The specific indications of the PARP inhibitor
olaparib for the treatment of breast and ovar-
ian cancers are detailed in Table 1. Efficacy
and safety results from phase 3 clinical trials
of olaparib are summarized in the following
sections.
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Breast Cancer

Human Epidermal Growth Factor
Receptor 2-Negative Breast Cancer

Two phase 3 trials evaluated olaparib in
patients with early-stage [110, 111] and late-
stage [112] HER2- breast cancer. The OlympiA
trial enrolled patients with high-risk, early-
stage HER2- disease with a germline BRCA1I or
BRCA2 mutation [110, 111]. All patients had
received local treatment and neoadjuvant or
adjuvant chemotherapy and were then ran-
domized (1:1) to receive adjuvant olaparib
300 mg orally twice daily or placebo. Endo-
crine therapy was administered concurrently
with study medication for patients with HR+
tumors. Treatment with olaparib provided sta-
tistically significant improvements in invasive
disease-free survival (primary endpoint) [110],
distant disease-free survival [110], and OS [111]
versus placebo.

The OlympiAD trial enrolled patients with
HER2- metastatic breast cancer with a germline
BRCA1 or BRCA2 mutation [112]. All patients
had received <2 previous chemotherapy regi-
mens for metastatic disease. Patients were ran-
domized (2:1) to receive olaparib 300 mg orally
twice daily or physician’s choice chemotherapy
(capecitabine, eribulin, or vinorelbine). Treat-
ment with olaparib provided statistically signif-
icant improvement in PFS (primary endpoint)
versus chemotherapy [112]. In both phase 3
trials [110-112], the safety profile of olaparib
was consistent with that of previous studies.

Gynecologic Cancers

Ovarian Cancer

Two phase 3 trials evaluated first-line mainte-
nance therapy with olaparib alone [113] or in
combination with bevacizumab [114] in patients
with ovarian cancer. The SOLO1/GOG-3004
trial enrolled patients with newly diagnosed,
advanced ovarian cancer with a BRCA1 or BRCA2
mutation [113]. All patients had achieved a par-
tial or complete response after platinum-based

chemotherapy and were then randomized (2:1)
to receive olaparib 300 mg orally twice daily
or placebo. Treatment with olaparib provided
statistically significant improvement in PFS
(primary endpoint) versus placebo. The safety
profile of olaparib was consistent with that of
previous studies [113].

The PAOLA-1 trial enrolled patients with newly
diagnosed, advanced ovarian cancer regardless
of BRCA mutation status [114]. All patients had
achieved a complete or partial response after plat-
inum-taxane chemotherapy and were then ran-
domized (2:1) to receive olaparib 300 mg orally
twice daily plus bevacizumab 15 mg/kg every
3 weeks or placebo plus bevacizumab (same dose).
The addition of olaparib to bevacizumab provided
statistically significantly improvement in PFS (pri-
mary endpoint) versus bevacizumab alone. Ben-
efits were seen in patients with tumors positive
for homologous recombination deficiency (HRD),
including those without a BRCA mutation. The
safety profile of combination therapy was con-
sistent with those of the individual agents [114].

Results of a phase 3 study in patients with
platinum-sensitive, relapsed ovarian cancer with
a BRCA1 or BRCAZ mutation also demonstrated
clinical benefit with olaparib 300 mg twice daily.
In the SOLO2/ENGOT-Ov21 trial [115], mainte-
nance therapy with olaparib led to statistically
significant improvement in PFS (primary end-
point) compared with placebo.

ONGOING PHASE 3 TRIALS OF
PEMBROLIZUMAB

Ten phase 3 trials of pembrolizumab are ongo-
ing in breast (three trials) and gynecologic
(seven trials) cancers. Many of these trials are
being conducted in collaboration with the
European Network of Gynaecological Onco-
logical Trial Groups (ENGOT) and GOG. The
planned patient populations and endpoints
are summarized in Table 5. Ongoing non-reg-
istrational basket trials, which are evaluating
various pembrolizumab combination therapy
approaches, are not summarized here.
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Table S5 continued

BICR blinded independent central review, CPS combined positive score, CR complete response, DCR disease control rate, DES disease-free survival, ENGOT Euro-
pean Network of Gynaecological Oncological Trial groups, dMMR mismatch repair deficient, DOR duration of response, EFS event-free survival, GOG GOG Foun-

dation, Inc., HER human epidermal growth factor receptor 2,HR hormone receptor, HRQoL health-related quality of life, ORR objective response rate, OS overall
survival, pCR pathologic complete response, PD-L1 programmed cell death ligand 1, PFS progression-free survival, PLD pegylated liposomal doxorubicin, pMMR

mismatch repair proficient, 7MB tumor mutational burden, TNBC triple-negative breast cancer, T7R time to response

“Positive results from the first interim analysis demonstrating a significant improvement in pCR were reported at the European Society for Medical Oncology

(ESMO) Congress in 2023 [119]. A full description of the trial results is expected in future publications

PResults from an interim analysis were recently published [123]. The study did not meet its primary endpoint in all-comers; however, prespecified subgroup analysis

based on the study’s stratification factors suggested clinically relevant improvement for patients with dMMR tumors

Breast Cancer

TNBC

One phase 3 trial is ongoing in patients with
early-stage TNBC. The KEYNOTE-242 trial is
evaluating adjuvant pembrolizumab versus
observation in patients with residual invasive
cancer or positive lymph nodes after neoadju-
vant chemotherapy [116].

Hormone Receptor-Positive/Human Epidermal
Growth Factor Receptor 2-Negative Breast
Cancer

Two phase 3 trials are ongoing in patients with
HR+/HER2- breast cancer. In the early-stage
setting, the KEYNOTE-756 trial is evaluating
neoadjuvant pembrolizumab plus chemother-
apy followed by adjuvant pembrolizumab plus
endocrine therapy versus neoadjuvant chemo-
therapy followed by adjuvant endocrine therapy
in patients with high-risk disease [117, 118].
Positive results from the first interim analysis
demonstrating a significant improvement in
pCR rate among patients in the pembrolizumab
group were reported at the European Society for
Medical Oncology (ESMO) Congress in 2023
[119]. A full description of the trial results is
expected in future publications. In the late-stage
setting, the KEYNOTE-B49 trial is assessing pem-
brolizumab plus chemotherapy versus chemo-
therapy after progression on previous endo-
crine therapy in patients with locally recurrent
inoperable or metastatic disease whose tumors
express PD-L1 (CPS>1) [120, 121].

Gynecologic Cancers

Endometrial Cancer

Three phase 3 trials are ongoing in patients
with endometrial cancer. The KEYNOTE-B21/
ENGOT-en11/GOG-3053 trial is evaluating
adjuvant pembrolizumab plus chemotherapy
(with or without radiotherapy) versus adjuvant
chemotherapy (with or without radiotherapy)
in patients with newly diagnosed endometrial
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cancer with a high risk of recurrence [122].
Results from an interim analysis were recently
published [123]. The study did not meet its pri-
mary endpoint of disease-free survival in all-
comers; however, prespecified subgroup analy-
sis based on the study’s stratification factors
suggested clinically relevant improvement for
patients with dMMR tumors. The other trials
are being conducted in the first-line setting in
patients with advanced or recurrent endometrial
cancer. The KEYNOTE-C93/GOG-3064/ENGOT-
enlS5 trial is assessing pembrolizumab versus
platinum-doublet chemotherapy in patients
with MSI-H/dMMR tumors [124], and the LEAP-
001/ENGOT-en9 trial is evaluating pembroli-
zumab plus lenvatinib versus platinum-doublet
chemotherapy in both the MSI-H/dMMR and
non-MSI-H/pMMR populations [125]. Results
from the final analysis were reported at the
European Congress on Gynaecological Oncol-
ogy (ESGO) in 2024 [126]. The study did not
meet the prespecified statistical criterion for PFS
or OS; however, the study confirmed that pem-
brolizumab plus lenvatinib is an active combi-
nation and important treatment option. A full
description of the trial results is expected in
future publications.

Ovarian Cancer

Three phase 3 trials are ongoing in patients with
ovarian cancer. The KEYLYNK-001/ENGOT-
ov43/GOG-3036 trial is evaluating first-line
pembrolizumab plus chemotherapy (with
or without bevacizumab), with or without
olaparib maintenance, in patients with BRCA-
nonmutated, advanced disease [127]. The other
trials are being conducted in patients with
platinum-resistant disease. The KEYNOTE-B96/
ENGOT-0v6S trial is assessing pembrolizumab
plus paclitaxel (with or without bevacizumab)
versus paclitaxel (with or without bevacizumab)
[128], and the ARTISTRY-7 trial is evaluating
pembrolizumab plus the interleukin-2 agonist
nemvaleukin alfa versus investigator’s choice
chemotherapy [129].

CONTINUED CHALLENGES IN
BREAST AND GYNECOLOGIC
CANCERS

Simultaneous with the development of treat-
ments that improve outcomes for patients with
breast and gynecologic cancers, efforts are also
ongoing to reduce the incidence of these can-
cers. At a population level, these efforts include
the development of risk assessment tools and
identification of risk factors and high-risk popu-
lations. Global attempts to establish screening
and immunization programs for human papil-
lomavirus (HPV) have provided a glimpse into
the potential successes and challenges likely to
be met by such measures [130, 131]. Although
screening and HPV immunization, for example,
have been shown to substantially reduce rates
of cervical cancer in many countries [132-136],
low- and middle-income countries (LMICs) in
particular may have financial and infrastructural
barriers that limit implementation of these pro-
grams [131]. There remains a need to increase
the availability of these important tools so that
broader populations of patients affected by
breast and gynecologic cancers will have greater
access [130, 133, 137]. In the case of ovarian
cancer, screening and preventive programs
have been proposed, but as of yet, no specific
and reliable method exists to detect this cancer
type [138]. Access to anticancer therapies and
reimbursement may pose additional difficulties
[139, 140]. One multicountry analysis showed
that the mean time between regulatory approval
of anticancer therapies and a health technol-
ogy assessment reimbursement decision was
321 days, with a range of 182 days (Australia) to
547 days (England) [139].

Genetic testing can help guide optimal treat-
ment of breast and gynecologic cancers, yet rates
of implementation vary widely by region. For
example, MSI/MMR status is tested in nearly
all patients with advanced endometrial cancer
in the USA [28] but in only 36% of patients in
Europe [141]. Although about half of cases of
high-grade serous ovarian cancer exhibit HRD,
which has demonstrated prognostic and predic-
tive value in this setting, there is no uniformly
accepted gold standard for HRD assessment
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[142]. BRCA testing is not performed systemati-
cally in patients with advanced ovarian cancer,
with survey results indicating variable rates
ranging from 45% in Italy to 73% in the USA
[143].

Treatment options for breast and gynecologic
cancers have improved over time. PARP inhibi-
tors, for example, are now commonly used to
treat BRCA 1/2-mutated cancers, including breast
and ovarian cancer. However, many patients
eventually develop resistance to these agents
[144-146], thereby posing an obstacle to their
prolonged use. Further research into the mecha-
nisms involved and strategies to overcome treat-
ment resistance are needed. Several phase 3 trials
are currently investigating whether combining
pembrolizumab and olaparib could be a poten-
tial strategy (see Ongoing Phase 3 Trials).

Other challenges relate to gender inequali-
ties. Transgender individuals may encounter dis-
crimination from healthcare providers and/or an
inadequate offering of services [147]. Transgen-
der men have high rates of cigarette and alcohol
use (risk factors for cervical and vulvar neoplasia
and mucinous epithelial ovarian cancer) [147],
yet many do not receive regular Pap smears for
fear of discrimination [148]. Screening for breast
and gynecologic cancers is essential in this pop-
ulation, and recommendations should follow
those for cisgender women [149]. Further data
are needed to better understand the prevalence
and outcomes of breast and gynecologic cancers
in the transgender community [147, 149].

Racial and ethnic inequalities are also a
concern. A greater proportion of Black ver-
sus white women are diagnosed with meta-
static TNBC or metastatic endometrial cancer
in the USA, and 5-year survival rates across
all stages of these cancers are lower in Black
women [64, 150]. Black women are less likely
than white women to undergo BRCA testing
[151] and to receive guideline-recommended
therapy [152]. Black women with endometrial
cancer have shorter survival times than white
women, even in the context of equal access to
healthcare [153]. Potentially relevant factors
could include comorbidities, tumor histol-
ogy, delays in treatment initiation, and adher-
ence to therapy [150, 152, 153]. In the USA,
women of Asian, Black, and Hispanic origin are

underrepresented in precision oncology trials
of gynecologic cancers [154], and the Asian
population has been consistently underrep-
resented in clinical trials in general (vs cen-
sus data) regardless of therapeutic area [155].
Greater efforts must be made to represent
minority populations in clinical trials. Toward
this end, the US FDA has published draft guid-
ance for sponsors of investigational medical
products, intended to increase the enrollment
of underrepresented populations and improve
the generalizability of results [156].

There is a lack of literature on the socioeco-
nomic burden of patients with cervical cancer
and their caregivers in LMICs. In the context of
LMICs, innovative approaches such as distribu-
tional cost-effectiveness analysis (DCEA) could
provide valuable information on the equity
impacts of heath technologies and trade-offs
[157]. The DCEA approach is useful in com-
pensating for equity issues lacking in conven-
tional cost-effectiveness data that do not con-
sider the distributional breakdowns and equity
weighting analyses based on variables that may
include ethnicity, socioeconomic status, and
geographical region. Consistent application of
DCEA by health technology assessment (HTA)
agencies would enable comparison of equity
impacts across diseases and their interven-
tions [158]. However, lack of consistency in
the equity characteristics and quality of data
collected or reported are the key challenges for
robust analyses at the time of HTA [158].

CONCLUSIONS

Breast and gynecologic cancers affect patients,
their families, caregivers, and communities
globally, with high morbidity and mortality
despite advancements in prevention and treat-
ment. Extensive clinical, humanistic, and eco-
nomic data are now available to support pem-
brolizumab monotherapy and combination
therapy for patients with TNBC, endometrial
cancer, and cervical cancer. Pembrolizumab
has significantly improved patient outcomes
and is now a standard of care therapy for these
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cancers. Several phase 3 studies are ongoing
in these and other tumor types with the goal
of further improving the lives of patients and
potentially providing a cure for patients with
early-stage disease.
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