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Purpose This study was to investigate the frequency of mismatch repair deficiency/high microsatellite instability (MMRd/MSI-H)
in gynecologic malignancies and the efficacy of immune checkpoint inhibitors (ICIs) in patients with recurrent gynecologic cancers

according to MMR/MSI status.

Materials and Methods We conducted a multi-center retrospective review on the patients who were diagnosed with gynecologic
cancers between 2015 and 2020. Their clinicopathologic information, results of immunohistochemistry staining for MLH1/MSH2/
MSH6/PMS2 and MSI analysis, tumor response to treatment with ICls were investigated.

Results Among 1,093 patients included in the analysis, MMRd/MSI-H was most frequent in endometrial/uterine cancers (34.8%,
164/471), followed by ovarian, tubal, and peritoneal cancers (12.8%, 54/422) and cervical cancer (11.3%, 21/186). When assessed
by histology without regard for cancer types, the frequency of MMRd/MSI-H was 11.0% (38/345) in high-grade serous adenocarcino-
ma, 38.6% (117/303) in endometrioid adenocarcinoma, and 30.2% (16/53) in carcinosarcoma. A total of 114 patients were treated
with ICls at least once. The objective response rate (ORR) was 21.6% (8/37) in cervical cancer, 4.7% (2/43) in ovarian cancer, and
25.8% (8/31) in endometrial/uterine cancers. Univariate regression analysis identified MMRd/MSI-H as the only significant factor
associated with the ORR (28.9% [11/38] vs. 11.8% [9/76]; odds ratio, 3.033; 95% confidence interval, 1.129 to 8.144; p=0.028).

Conclusion The frequency of MMRd/MSI-H is moderate to high in gynecologic cancers in the Korean population. MMRd/MSI-H could

be effective predictive biomarkers in gynecologic cancers of any type.
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Introduction

The introduction of immune checkpoint inhibitors (ICIs)
has led to a revolutionary change in the oncology field far
beyond their remarkable clinical efficacy. In recent years, var-
ious ICIs have resulted in an improvement in the overall sur-
vival (OS) of patients with a broad range of advanced cancers
[1,2]. However, for most types of cancer, only a minority of
patients experience a durable response from such treatments
while most patients do not benefit significantly. Therefore,
attention has been paid to the identification and develop-
ment of predictive biomarkers of response to ICIs, and more
in-depth and comprehensive studies have been conducted in
recent years [3,4]. Among the most widely investigated pre-

dictive biomarkers of response to ICIs, microsatellite instabil-
ity (MSI) and defective mismatch repair (MMRd), universal
screening tools for identifying Lynch syndrome [5], have
been shown to be significant biomarkers for a favorable res-
ponse to ICIs [6-8].

Mismatch repair deficient tumors have a unique genetic
signature, harboring hundreds to thousands of somatic muta-
tions that encode potential neoantigens. These susceptible
mutations in repetitive DNA sequences, termed microsatel-
lites, result in high levels of microsatellite instability (MSI-
H) [9]. This signature results from primary bi-allelic defects
in genes that govern DNA mismatch repair. These tumors
arise in individuals with hereditary genetic syndromes, the
so-called Lynch syndrome, or more often as sporadic diseas-
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es. Tumors with MMRd represent approximately 4% of all
diagnosed cancers [10,11]. These tumors vary in frequency
across different cancer types. Also, in patients with gyneco-
logic cancers, they occur at a rate of 17%-31% in endometrial
cancer, 1%-3% in ovarian cancer, and 2%-4% in cervical can-
cer [10,11].

The phase II KEYNOTE-158 study of pembrolizumab,
an anti-programmed death-1 (PD-1) monoclonal antibody
and an ICI, in patients with previously treated, advanced
non-colorectal MSI-H/MMRd cancers reported an objective
response rate (ORR) of 34.3% (80/233) [7]. In a meta-analysis
of 14 studies comprising 939 patients with pre-treated MSI-
H tumor, ICIs showed high efficacy that was independent of
the tumor type and specific ICI type used, showing a pooled
ORR of 41.5% [12]. Pembrolizumab was approved by the
United States Food and Drug Administration in May 2017
for the treatment of patients with any type of MSI-H/MMRd
solid tumors that have progressed following prior treatment.
This marked the first approval of a tumor-agnostic cancer
therapy in which treatment is based on a common tumor
biomarker rather than the anatomic site of origin. Therefore,
it became clear that accurate identification of patients with
MMRd/MSI-H tumors is essential for not only screening the
genetic background of patients, but also making appropriate
therapeutic decisions during disease recurrence.

The frequencies of MMRd /MSI-H in pan-cancer have been
reported in several studies [10] and there have been some
reports of their frequency in gynecologic cancer patients.
However, real-world data comparing the ORR according to
MMR /MSI status have not yet been reported in gynecologic
cancers. In the present study, we retrospectively assessed the
frequency of MMRd/MSI-H in Korean gynecologic cancer
patients, and investigated the effect of ICI therapy in recur-
rent gynecologic cancer with MMRd /MSI-H.

Materials and Methods

1. Study design and patients

We conducted a multi-center, retrospective study at three
tertiary academic medical institutions in South Korea. We
reviewed the medical records of patients who were diag-
nosed with gynecologic cancers between January 2015 and
December 2020. The collected data included the patient
demographics and clinical data on pathologic results, includ-
ing the results of immunohistochemistry (IHC) staining for
MLH1/MSH2/MSH6/PMS2, and MSI analysis. A total of
1,093 patients were included in investigating the frequency
of MMRd/MSI-H in gynecologic cancers. Among these pati-
ents, we further reviewed the clinicopathologic and radio-
logic records of those diagnosed with recurrent or persistent

gynecologic cancer who underwent treatment with ICIs for
at least one cycle. Patients who were treated with ICIs under-
went intravenous administration of 200 mg of pembrolizum-
ab every 3 weeks or 3 mg/kg of nivolumab every 2 weeks
until disease progression, unacceptable toxicity, or patient
withdrawal. The study protocol was approved by the insti-
tutional review board of each participating institution (CHA
IRB 2020-12-034).

2. Tumor testing

The tumor MMR status was determined by examining
the loss of protein expression via IHC staining of four MMR
enzymes. Tumors with loss of MMR expression in at least
one of those four markers were defined as MMRd. MSI sta-
tus was determined by the polymerase chain reaction (PCR)-
based MSI analysis of DNA from normal and tumor tissues.
The analysis was performed using five mononucleotide loci
(BAT25, BAT26, NR21, NR24, and Mono27) or five mixed
mononucleotide and dinucleotide loci (BAT25, BAT26, D17-
5250, D2S123, and D55346) according to the institution’s
established method. Specimens were classified as MSI-H if
at least two allelic loci sizes shifted among the five microsat-
ellite markers analyzed. Tumors were classified as MMRd/
MSI-H if either MMRd and / or MSI-H were seen. Tumor pro-
grammed death-ligand 1 (PD-L1) expression was analyzed
using the PD-L1 THC 22C3 antibody (Agilent Technologies,
Inc., Santa Clara, CA) to determine the tumor proportion
score (TPS), defined as the percentage of viable tumor cells,
or using the PD-L1 THC 22C3 pharmDx assay (Agilent Tech-
nologies, Inc., Carpinteria, CA) to determine the combined
positive score (CPS), defined as the ratio of PD-L1-positive
cells (tumor cells, lymphocytes, and macrophages) to the
total number of viable tumor cells multiplied by 100. PD-L1
positivity was defined as a TPS = 1% or a CPS > 1.

3. Assessments of response and safety

Baseline tumor assessment was performed before the start
of treatment, and response was evaluated via abdominopel-
vic and/or chest computed tomography scans performed
at least every 3 months. Additional imaging studies were
performed at the clinician’s discretion if a patient’s clinical
symptoms deteriorated. Tumor response was assessed accor-
ding to the Response Evaluation Criteria in Solid Tumors
(RECIST) ver. 1.1 by a gynecologic oncologist at each institu-
tion. Safety was assessed by retrospectively reviewing charts
of laboratory test results and physical examination to detect
any possible adverse events (AEs), which were evaluated
according to the Common Terminology Criteria for AEs, ver.
4.03.
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Table 1. Frequency of MMRd and/or MSI-H in gynecologic cancers by origin

No. MMRdA/MSI-H Frequency (%)
Cervix/Vulvar/Vagina cancer 195 25 12.8
Cervix cancer 186 21 11.3
Vulvar cancer 6 2 333
Vagina cancer 3 2 66.7
Ovarian/Peritoneal/Tubal cancer 422 54 12.8
Ovarian 385 50 13.0
Epithelial ovarian cancer 377 50 13.3
Non-epithelial ovarian cancer 8 0 0.0
Peritoneal cancer 25 3 12.0
Fallopian tubal cancer 12 1 8.3
Endometrial/Uterine cancer 471 164 34.8
Endometrial cancer 373 139 37.3
Uterine sarcoma 98 25 25.5
Gestational trophoblastic neoplasia 5 2 40.0
Total 1,093 245 224
MMRd, mismatch repair deficiency; MSI-H, microsatellite high.
Table 2. Frequency of MMRd and/or MSI-H in gynecologic cancers by histology regardless of origin
No. MMRdA/MSI-H Frequency (%)
High-grade serous carcinoma 345 38 11.0
Endometrioid adenocarcinoma 303 117 38.6
Squamous cell carcinoma 74 7 9.5
Carcinosarcoma 58 16 30.2
Endocervical adenocarcinoma 52 10 19.2
Clear cell carcinoma 51 14 27.5
Mucinous carcinoma 36 8 22.2
Leiomyosarcoma 31 7 22,6
Neuroendocrine carcinoma 30 3 10.0
Mixed adenocarcinoma 20 5 25.0
Endometrial stromal sarcoma 14 2 14.3
Adenosquamous carcinoma 13 0 0.0
Mesonephric adenocarcinoma 12 7 58.3
Low grade serous carcinoma 10 1 10.0

MMRd, mismatch repair deficiency; MSI-H, microsatellite high.

4. Outcomes

The primary endpoints were the frequency of MMRd/
MSI-H tumors in gynecologic cancers and the ORR, defined
as the proportion of patients with complete response (CR)
or partial response (PR), as assessed using RECIST ver. 1.1.
The secondary endpoints included the duration of response,
defined as the time from the response to tumor progression
or death, whichever occurred first; progression-free surviv-
al (PFS), defined as the time from the start of treatment to
tumor progression or death, whichever occurred first; and
the OS, defined as the time from the start of treatment to
death from any cause.
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5. Statistical analysis

Efficacy and safety profile analyses included all patients
who underwent at least one cycle of treatment. The data
were summarized using descriptive statistics or contingen-
cy tables for demographic and baseline characteristics, res-
ponse measurements, and safety. Patients without response
data were considered to be non-responders. The duration
of response, PFS, and OS were estimated using the Kaplan-
Meier method. Univariate logistic regression analyses were
performed to identify factors affecting the ORR. All statisti-
cal analyses were performed using SPSS ver. 18.0 (SPSS Inc.,
Chicago, IL). Analysis items with p-values less than 0.05
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were considered statistically significant.

Results

1. Frequency of MMRd/MSI-H

A total of 1,093 patients were included in the analysis.
According to the origin of cancer, the frequencies of MMRd /
MSI-H were 11.3% in cervical cancer (21/186), 12.8% in ovar-
ian, tubal and peritoneal cancers (54/422), and 37.3% in
endometrial cancer (139/373) (Table 1). When assessed by
the types of histology regardless of the anatomical cancer
origin, the frequency was the highest in mesonephric adeno-
carcinoma (58.3%, 7/12), 38.6% in endometrioid adenocarci-
noma (117/303), 30.2% in carcinosarcoma (16/53), and 27.5%
in clear cell carcinoma (14/51) (Table 2). The frequencies of
MMRd/MSI-H were 22.1% (216/976) in tumors with non-
sarcoma histology, 24.1% (27/112) in tumors with sarcoma
histology, and 40% (2/5) in gestational trophoblastic neopla-
sia (GTN) (S1 Table).

2. Clinicopathologic characteristics

Atotal of 114 out 0f 1,093 patients were treated with ICIs for
recurrence at least once. The clinicopathologic characteristics
of these patients are listed in Table 3. The median age was 54
years (range, 21 to 86 years). Among them, 41.2% (47/114)
had an Eastern Cooperative Oncology Group (ECOG) per-
formance status (PS) of < 1, and 73.7% (84/114) had stage
IIT or IV disease at the initial diagnosis. In total, eight tumor
types were represented among the patients, most commonly
ovarian, cervical, endometrial, and uterine corpus (mainly
uterine sarcoma) cancers. PD-L1 expression was assessed in
93 patients (81.6%), 65 (69.9%) of whom were PD-L1 positive.
Thirty-eight patients (33.3%) had MMRd/MSI-H tumors.
The remaining 76 patients were identified as MMR proficient
(MMRp)/microsatellite stable (MSS), but received ICI either
because their tumor profiles showed PD-L1 positivity or
their tumor histology types corresponded to those that have
demonstrated response to ICL. The median sum of the target
lesions size was 60 mm (range, 10 to 1,230 mm). The median
number of lines of prior chemotherapy, including neoad-
juvant chemotherapy, was two (range, 1 to 7). The specific
agents of ICIs administered were pembrolizumab (88.6%,
101/114) and nivolumab (11.4%, 13/114). As of February 28,
2021, at the time of data cutoff, the median follow-up time
was 4.9 months (range, 0.1 to 36.8 months). Eighty-five pati-
ents (74.6%) had discontinued ICIs, most commonly due to
disease progression. The patients underwent a median of 4
cycles (range, 1 to 40 cycles) of chemotherapy with ICIs.

Table 3. Baseline clinico-pathologic characteristics of the pati-
ents treated with immune checkpoint inhibitors (n=114)

Age, median (range, y1) 54 (21-86)
ECOG performance status
0-1 47 (41.2)
2-4 67 (58.8)
FIGO stage at diagnosis
I/11 22 (19.3)
/v 84 (73.7)
N/A 8(7.0)
Origin of cancer
Cervix 37 (32.5)
Vaulvar 1(0.9)
Ovary / Peritoneum /Fallopian tube 43 (37.7)
Endometrium 23(20.2)
Uterine corpus 8(7.0)
Gestational trophoblast 2(1.8)
PD-L1 expression?
>1 65 (57.1)
<1 28 (24.6)
N/A 21(18.4)
MMRd and/or MSI-H 38(33.3)
MMRp and/or MSS 76 (66.7)

Target lesion size, median (range, mm)® 60 (10-1,230)

No. of previous lines of chemotherapy

1 29 (25.4)
2 39 (34.2)
3 18 (15.8)
4 15 (13.2)
>5 13 (11.4)
Type of immune checkpoint inhibitors
Pembrolizumab 101 (88.6)
Nivolumab 13 (11.4)

ECOG, Eastern Cooperative Oncology Group; FIGO, Interna-
tional Federation of Gynecology and Obstetrics; MMRd, mis-
match repair deficiency; MMRp, mismatch repair proficiency;
MSI-H, microsatellite high; MSS, microsatellite stable; N/ A, non-
available; PD-L1, programmed death-ligand 1. ¥Determined by
either the tumor proportion score (TPS) or the combined positive
score (CPS), YSum of the diameters of the target lesions.

3. Antitumor activity

In the total population (n=114), five patients (4.4%)
achieved CR and 15 (13.2%) achieved PR, resulting in an
ORR of 17.5% (Table 4). Among the patients who achieved
an objective response, the median time to response was 2.4
months (range, 0.8 to 17.3 months) and the median dura-
tion of response was not reached (range, 2.2 to 33.0 months).
Among patients with MMRd/MSI-H tumors (n=38), the
ORR was 28.9% (3 CRs and 8 PRs). Among patients with
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Table 4. Tumor responses assessed by RECIST v.1.1 (n=114)

Total population MMRdA/MSI-H group MMRp/MSS group

Antitumor activity 114 38 76
Best overall response

CR 5(4.4) 3(7.9) 2(2.6)

PR 15 (13.2) 8(21.1) 7(9.2)

SD 23(20.2) 4 (10.5) 19 (25.0)

PD 58 (50.9) 16 (42.1) 42 (55.3)

Not able to be assessed 13 (11.4) 7(18.4) 6(7.9)
Objective response rate 20 (17.5) 11 (28.9) 9 (11.8)
Disease control rate 43 (37.7) 15 (39.5) 28 (36.8)
Time to response (mo)

Median (range) 2.4(0.8-17.3) 3.7 (0.8-17.3) 1.9 (1.4-3.5)
Duration of response (mo)

Median (range) Not reached Not reached Not reached

(2.2-33.0) (2.3-33.0) (2.2-32.0)

Values are presented as number (%) unless otherwise indicated. CR, complete response; MMRd, mismatch repair deficiency; MMRp,

mismatch repair proficiency; MSI-H, microsatellite high; MSS, microsatellite stable; PD, progressive disease; PR, partial response; RECIST,

Response Evaluation Criteria in Solid Tumor; SD, stable disease.

1.0
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Fig. 1. Kaplan-Meier estimates of survival in the total study population (n=114): progression-free survival (A) and overall survival (B).

MMRp/MSS tumors (n=76), the ORR was 11.8% (2 CRs and
7 PRs) (Table 4).

The response to treatment with ICIs was assessed by ana-
tomical cancer origins and the results are summarized in S2
Table. The ORR was 4.7% (2/43) in ovarian cancer, 21.6%
(8/37) in cervical cancer, 26.1% (6/23) in endometrial can-
cer, 25.0% (2/8) in uterine corpus cancer, and 100.0% (2/2) in
GTN. Among patients with MMRd/MSI-H tumors (n=38),
the ORR was 33.3% for endometrial cancer (5/15), 33.3%
(2/6) for uterine corpus cancer, 14.3% (1/7) for ovarian can-
cer, and 12.5% (1/8) for cervical cancer (S3 Table).

At the time of data cutoff, 86 (75.4%) patients in the total
population had experienced disease progression or death.
The median PFS was 2.8 months (95% confidence inter-
val [CI], 2.4 to 3.2), and the estimated PFS rates at 6 and 12

1204 CANCER RESEARCH AND TREATMENT

months were 30.1% and 21.4%, respectively (Fig. 1A). Thirty-
three patients (28.9%) in the total population had died. The
median OS was 35.9 months (95% CI, 16.1 to 55.7) in the total
population (Fig. 1B). The OS rates at 6 and 12 months were
77.1% and 61.1%, respectively.

4. Prognostic factors

We compared the ORR according to different clinical para-
meters, including age, tumor origin, the number of previ-
ous lines of chemotherapy, ECOG status, PD-L1 positivity,
MMRd/MSI-H status, and tumor size (Table 5). MMRd/
MSI-H status was the only significant factor found in the uni-
variate regression analyses (odds ratio, 3.033; 95% CI, 1.129
to 8.144; p=0.028).
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Table 5. Logistic regression analysis of predictive factors for the
objective response rate

Univariate analysis

OR (95% CI) p-value

Age (yr)

<60 1

=60 0.711 (0.236-2.139)  0.544
Origin of tumor

Cervix 1

Ovary 0.274 (0.067-1.122)  0.072

Uterine 1.467 (0.490-4.392)  0.493
No. of prior lines of

chemotherapy

<2 1

>2 0.759 (0.278-2.077) ~ 0.592
ECOG performance status

<1 1

>1 0.554 (0.196-1.567)  0.266
MMRdJ/MSI-H

MMRp and/or MSS 1

MMRd and /or MSI-H
PD-L1 status

3.033 (1.129-8.144) 0.028

<1 1

>1 3.569 (0.754-16.899)  0.109
Tumor burden (cm)?

<2 1

>2and <5 1.739 (0.299-10.104)  0.538

>5and <10 1.538 (0.266-8.890) 0.630
>10 2.207 (0.417-11.669)  0.352

CI, confidence interval; ECOG, Eastern Cooperative Oncology
Group; MMRd, mismatch repair deficiency; MMRp, mismatch
repair proficiency; MSI-H, microsatellite high; MSS, microsatel-
lite stable; OR, odds ratio; PD-L1, programmed death-ligand 1.
“Sum of the diameters of the target lesion.

5. Safety

Treatment-related AEs of any grade and treatment-related
AEs of grade > 3 were reported in 42.1% and 4.4% of patients,
respectively (S4 Table). There were no treatment-related
deaths. The most common AEs of any grade were hypothy-
roidism (10.5%), anemia (8.8%), fatigue (7.0%), and skin rash
(3.5%). The AEs of grades 3/4 were hypothyroidism, anemia,
renal insufficiency, colitis, and thrombocytopenia.

Discussion

In two previous studies that evaluated MSI with next-gen-
eration sequencing-based methods using data from the Can-
cer Genome Atlas [10], the frequency of MSI-H was reported

to be 3.5%-3.8% for all carcinomas. The frequencies of MSI-H
ranged from 28.3% (75/265) to 31.4% (170/542) in endome-
trial cancer, 1.4% (6/437) to 3.2% (14/436) in ovarian cancer,
and 2.3% (7/305) to 2.6% (8/305) in cervical cancer. In the
present study, the frequencies of MMRd/MSI-H were 37.3%
(139/373) in endometrial cancer, 13.3% (50/377) in epithelial
ovarian cancer, and 11.3% (21/186) in cervical cancer (Table
1). The frequency of MMRd and/or MSI-H in endometrial
cancer was comparable to those reported in previous studies,
and the frequency of ovarian and cervical cancers was higher
than that previously reported. However, a previous study
which used the classical PCR-based MSI method, which is
the same method used in the present study, reported MSI-
H rates of 10% for ovarian cancer [13] and 8% for cervical
cancer [14]. Therefore, it is possible that these results could
be influenced by the difference in MSI analysis methods and
reporting methods. Overall, it is noteworthy that endome-
trial cancer has the highest MMRd /MSI-H frequency.

Mesonephric adenocarcinoma is a rare malignant tumor of
the female genital tract, which originates from Wolffian duct
remnants. It has been reported to carry a worse prognosis
even in the early stages [15,16]. Although the MMRd /MSI-
H frequency in mesonephric adenocarcinoma in the present
study was 58.3% (7/12), previous studies reported that the
frequency of MMRd or MSI-H in mesonephric adenocarci-
noma was low [15,16]. This discordance might arise from the
small number of cases and the absence of a central pathology
review in the present study. Although data are lacking on the
response rates of mesonephric adenocarcinoma to ICIs, treat-
ment with ICIs in MMRd/MSI-H mesonephric adenocarci-
noma can be considered.

Previous studies reported that the frequency of MMRd/
MSI-H in uterine carcinosarcoma was as low as 3.5% (2/57)
[11]. However, in the present study, the frequencies of MMRd
/MSI-H were 30.2% (16/53) in carcinosarcoma and 22.6%
(7/31) in leiomyosarcoma, which were relatively higher
(Table 2). In the treatment of gynecologic sarcoma which
usually carries a poor prognosis and has no effective thera-
peutic options at recurrence, it would be helpful to assess
the MMRd /MSI-H status and consider treatment using ICIs.
GTN comprises a unique group of diseases that arise from
the malignant transformation of fetal trophoblasts, cells that
originate from the placenta. Recent studies found strong
expression of PD-L1 in GTN [17,18] and the frequency of
MMRd/MSI-H was 40% (2/5) in the present study (Table 1).
The therapeutic response to ICIs in treating chemo-resistant
GTN was reported to be favorable [19,20], and there are two
ongoing clinical trials on the treatment of chemo-resistant
GTN with ICIs (NCT03135769 and NCT04303884).

The mismatch repair pathway plays a crucial role in repai-
ring DNA replication errors. Deficiencies in MMR proteins
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that cause MSI-H lead to the accumulation of mutations
and the generation of neoantigens that might stimulate the
antitumor immune response [7]. Tumors with MMRd could
induce immune evasion by immune checkpoints, allowing
them to escape from the tumor-specific T-cell response [21].
Therefore, using a monoclonal antibody to inhibit immune
checkpoints might be an effective therapeutic approach to
reversing immune suppression and re-activating the immu-
ne system in MMRd/MSI-H tumors regardless of cancer
type.

In gynecological cancers regardless of MMRd/MSI-H
status, the ORR of anti-PD-1 inhibitors was reported to be
low (4%-23%). The respective rates were 4%-12% in cervical
cancer [22], 8%-15% in ovarian cancer [23,24], and 13%-23%
in endometrial cancer [25,26]. A meta-analysis of 14 stud-
ies comprising 939 patients with pre-treated MSI-H cancer
reported that the pooled ORR of ICIs was 41.5% (95% CI,
34.9 to 48.4), the pooled median PFS was 4.3 months (95% CI,
3.0 to 6.8), and the pooled median OS was 24 months (95%
CI, 20.1 to 28.5) [12]. Another previous study reported that
the ORR was 34.3% with a median PFS of 4.1 months and a
median OS of 23.5 months among 233 patients representing
27 MMRd/MSI-H tumor types [7]. In that study, the ORRs in
endometrial cancer and ovarian cancer were 57.1% (28/49)
and 33.3% (5/15), respectively.

In the present study, the ORR of the total population
(n=114) was 17.5% and that of the MMRd/MSI-H group
(n=38), representing five gynecologic cancer types, was
28.9% (Table 4). The ORRs were 33.3% (5/15) for endome-
trial cancer with MMRd/MSI-H and 14.3% (1/7) for ovarian
cancer with MMRd/MSI-H (S3 Table). The median PFS of
MMRd/MSI-H group (n=38) was 2.3 months (95% CI, 0.6 to
4.1), and the median OS was not reached (data not provided).
Although it is difficult to directly compare the results of this
study with those of other prospective studies, we observed
a low overall ORR of ICIs for MMRd/MSI-H tumors. This
difference could be influenced by the difference between
prospective and retrospective study designs, and by the
relatively high MMRd/MSI-H rates observed in the present
study. Despite this difference, it was possible to confirm the
statistical difference in ORR between MMRd/MSI-H and
MMRp /MSS patients.

In the present study, we examined the effects of several fac-
tors on ORR: age, cancer type, number of prior lines of chem-
otherapy, ECOG status, MMRd /MSI-H status, PD-L1 posi-
tivity, and tumor size. MMRd/MSI-H was shown to be the
only significant factor in the univariate analysis (odds ratio,
3.033; 95% CI, 1.129 to 8.144; p=0.028). Other factors showed
no statistically significant associations (Table 5). PD-L1 pro-
tein expression on tumor or immune cells has also emerged
as a potential predictive biomarker for sensitivity to ICIs [27].
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In the present study, the association between PD-L1 expres-
sion and ORR could not be confirmed (Table 5). A high tumor
mutational burden is another emerging agnostic biomarker
with a wider range than MMRd/MSI-H in cancers of any
type [28]. Further investigations on such potential biomarker
and others are warranted to expand the understanding of
profound immune response in malignant diseases.

According to a recent meta-analysis [29], AEs of any grade
occurred in 65.8% of patients receiving an ICIL, and 16.6% of
patients experienced AEs of grade > 3. In the present study,
AEs of any grade occurred in 42.1% of patients, and 4.4% of
patients experienced AEs of grade > 3. The frequency of AEs
in this study was relatively low, which is likely due to the
limitations of a retrospective study conducted using chart
reviews. Minor AEs might not have been recorded.

The limitations of this study mainly stem from its retro-
spective design. The lack of independent central patholog-
ic review could also be a confounding factor. Accordingly,
there may have been differences in the methods of MMRd/
MSI testing and the interpretation of the results among the
pathologists at each institution. The frequency of MMRd/
MSI-H was higher than those reported in previous studies.
The absence of a difference in disease control rate between
the MMRd /MSI-H and MMRp /MSS groups (Table 4) might
be due to the high MMRd/MSI-H frequency in this study.
In addition, MMRd and MSI tests were not performed in
all patients. Some patients underwent only one of the two
tests. Therefore, it is difficult to conclude that the accurate
MMRd/MSI-H frequency was reflected in the present study.
Also, the response assessment could not be centralized
by an independent central radiologic review. We did not
assess the immune response based on the immune RECIST or
immune-related RECIST. Although none of the 114 patients
raised concerns regarding potential pseudoprogression or
hyperprogression even when assessed by the RECIST, the
implementation of immune-related response criteria might
have portrayed different results. There may also have been
differences in the interpretation of the results depending on
the types of ICI (pembrolizumab or nivolumab) although
both agents belong to the same category and act as anti-
PD-1 antibodies. The potential discrepancy between the TPS
and CPS to predict response to anti-PD-1/PD-L1 therapy is
another limitation. Due to practical issues, the institutions in
the present study have adopted different scoring methods.
The relatively short follow-up period (median, 4.9 months)
is another limitation of the study. Unlike prospective studies,
in real-world practice, patients with poor general condition
(ECOG PS = 2) are treated with ICIs as the last attempt with
short life expectancies. In the present study, more than half
(58.8%, 67 /114) of the patients had an ECOG PS > 2 (Table 3).
As non-responders with poor general condition mostly died
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soon after treatment with ICIs, the study resulted in a short
follow-up period.

Nevertheless, to the best of our knowledge, the present ret-
rospective study of a relatively large, mainly Asian cohort,
is the first to evaluate MMRd/MSI-H status as a predictive
biomarker for ICIs in gynecologic cancers in a real-world set-
ting. Compared to the known very low MMRd/MSI-H fre-
quencies of ovarian and cervical cancer, in the present study, a
relatively high frequency of >10% was observed. This shows
that treatment with ICIs is a potential therapeutic alternative
in patients with gynecologic cancers with MMRd/MSI-H.
Recently, the combination of ICI and multi-kinase inhibi-
tors has received attention in the treatment of MSS/MMRp
tumors, which have a much higher proportion compared
to MMRd/MSI-H tumors. Combined therapy comprising
pembrolizumab and lenvatinib (an oral multi-kinase inhibi-
tor) for MSS/MMRp recurrent endometrial cancer has been
found to yield favorable outcomes among 37.2% (35/94) of
patients [30]. As such study, new combination therapeutic
strategies are also being specified for MSS/MMRp tumors.

The present study has shown that the frequency of MMRd /
MSI-H in gynecologic cancers is moderate to high in Korea.
MMRd/MSI-H status was confirmed to be a predictive bio-
marker for ICI therapy in gynecologic cancers. Further stud-
ies are warranted to discover other predictive biomarkers for
ICI therapy in gynecologic cancer.

Electronic Supplementary Material
Supplementary materials are available at Cancer Research and
Treatment website (https: // www.e-crt.org).

Ethical Statement

This study was approved by the institutional review board (CHA
IRB 2020-12-034) and adhered to the principles in the Declaration of
Helsinki. A waiver to require informed consent was obtained.

Author Contributions

Conceived and designed the analysis: Choi MC, Lee JW, Lee C.
Collected the data: Noh JJ, Kim MK, Choi MC, Lee JW, Park H, Jung
SG, Joo WD, Song SH, Lee C.

Contributed data or analysis tools: Noh JJ, Kim MK, Choi MC, Lee
TW.

Performed the analysis: Choi MC, Lee JW, Park H, Jung SG, Joo WD.
Wrote the paper: Noh JJ, Kim MK, Choi MC, Lee JW.

ORCID iDs

Joseph Noh " : https: // orcid.org/0000-0002-3132-8709
Min Kyu Kim"* : https: // orcid.org/0000-0002-1937-3611
Min Chul Choi ¥ : https: // orcid.org / 0000-0003-4509-6731
Jeong-Won Lee " : https: // orcid.org/0000-0002-6945-0398

Conflicts of Interest
Conflict of interest relevant to this article was not reported.

References

1. Motzer R], Escudier B, McDermott DF, George S, Hammers
H]J, Srinivas S, et al. Nivolumab versus everolimus in advan-
ced renal-cell carcinoma. N Engl ] Med. 2015;373:1803-13.

2. Herbst RS, Baas P, Kim DW, Felip E, Perez-Gracia JL, Han
JY, et al. Pembrolizumab versus docetaxel for previously
treated, PD-L1-positive, advanced non-small-cell lung can-
cer (KEYNOTE-010): a randomised controlled trial. Lancet.
2016;387:1540-50.

3. Gibney GT, Weiner LM, Atkins MB. Predictive biomarkers for
checkpoint inhibitor-based immunotherapy. Lancet Oncol.
2016;17:e542-51.

4. Duffy MJ, Crown ]. Biomarkers for predicting response to
immunotherapy with immune checkpoint inhibitors in can-
cer patients. Clin Chem. 2019;65:1228-38.

5. Moreira L, Balaguer F, Lindor N, de la Chapelle A, Hampel H,
Aaltonen LA, et al. Identification of Lynch syndrome among
patients with colorectal cancer. JAMA. 2012;308:1555-65.

6. Le DT, Durham JN, Smith KN, Wang H, Bartlett BR, Aulakh
LK, et al. Mismatch repair deficiency predicts response of
solid tumors to PD-1 blockade. Science. 2017;357:409-13.

7. Marabelle A, Le DT, Ascierto PA, Di Giacomo AM, De Jesus-
Acosta A, Delord JP, et al. Efficacy of pembrolizumab in

patients with noncolorectal high microsatellite instability/
mismatch repair-deficient cancer: results from the phase II
KEYNOTE-158 study. ] Clin Oncol. 2020;38:1-10.

8. Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H, Eyring
AD, et al. PD-1 blockade in tumors with mismatch-repair
deficiency. N Engl ] Med. 2015,372:2509-20.

9. Dudley JC, Lin MT, Le DT, Eshleman JR. Microsatellite ins-
tability as a biomarker for PD-1 blockade. Clin Cancer Res.
2016;22:813-20.

10. Cortes-Ciriano I, Lee S, Park WY, Kim TM, Park PJ. A molecu-
lar portrait of microsatellite instability across multiple can-
cers. Nat Commun. 2017;8:15180.

11. Bonneville R, Krook MA, Kautto EA, Miya J, Wing MR, Chen
HZ, et al. Landscape of microsatellite instability across 39
cancer types. JCO Precis Oncol. 2017;2017:PO.17.00073.

12. Petrelli F, Ghidini M, Ghidini A, Tomasello G. Outcomes fol-
lowing immune checkpoint inhibitor treatment of patients
with microsatellite instability-high cancers: a systematic
review and meta-analysis. JAMA Oncol. 2020;6:1068-71.

13. Murphy MA, Wentzensen N. Frequency of mismatch repair
deficiency in ovarian cancer: a systematic review. This article
is a US Government work and, as such, is in the public domain

VOLUME 54 NUMBER 4 0CTOBER 2022 1207


https://orcid.org/0000-0002-6945-0398
https://orcid.org/0000-0003-4509-6731
https://orcid.org/0000-0002-1937-3611
https://orcid.org/0000-0002-3132-8709

Cancer Res Treat. 2022;54(4):1200-1208

of the United States of America. Int ] Cancer. 2011;129:1914-22.

14. Lazo PA. The molecular genetics of cervical carcinoma. Br |
Cancer. 1999;80:2008-18.

15. da Silva EM, Fix DJ, Sebastiao AP, Selenica P, Ferrando L, Kim
SH, et al. Mesonephric and mesonephric-like carcinomas of
the female genital tract: molecular characterization including
cases with mixed histology and matched metastases. Mod
Pathol. 2021;34:1570-87.

16. Horn LC, Hohn AK, Krucken I, Stiller M, Obeck U, Brambs
CE. Mesonephric-like adenocarcinomas of the uterine corpus:
report of a case series and review of the literature indicating
poor prognosis for this subtype of endometrial adenocarci-
noma. ] Cancer Res Clin Oncol. 2020;146:971-83.

17. Veras E, Kurman RJ, Wang TL, Shih IM. PD-L1 expression in
human placentas and gestational trophoblastic diseases. Int J
Gynecol Pathol. 2017;36:146-53.

18. Bolze PA, Patrier S, Massardier ], Hajri T, Abbas F, Schott AM,
etal. PD-L1 expression in premalignant and malignant troph-
oblasts from gestational trophoblastic diseases is ubiquitous
and independent of clinical outcomes. Int ] Gynecol Cancer.
2017,27:554-61.

19. Choi MC, Oh J, Lee C. Effective anti-programmed cell death
1 treatment for chemoresistant gestational trophoblastic neo-
plasia. Eur ] Cancer. 2019;121:94-7.

20. You B, Bolze PA, Lotz JP, Massardier ], Gladieff L, Joly F, et al.
Avelumab in patients with gestational trophoblastic tumors
with resistance to single-agent chemotherapy: cohort A of the
TROPHIMMUN phase II trial. ] Clin Oncol. 2020;38:3129-37.

21. Schwitalle Y, Kloor M, Eiermann S, Linnebacher M, Kienle
P, Knaebel HP, et al. Immune response against frameshift-
induced neopeptides in HNPCC patients and healthy HN-
PCC mutation carriers. Gastroenterology. 2008;134:988-97.

22. Santin AD, Deng W, Frumovitz M, Buza N, Bellone S, Huh
W, et al. Phase II evaluation of nivolumab in the treatment of
persistent or recurrent cervical cancer (NCT02257528/NRG-

1208 CANCER RESEARCH AND TREATMENT

GY002). Gynecol Oncol. 2020;157:161-6.

23. Matulonis UA, Shapira-Frommer R, Santin AD, Lisyanskaya
AS, Pignata S, Vergote I, et al. Antitumor activity and safety of
pembrolizumab in patients with advanced recurrent ovarian
cancer: results from the phase II KEYNOTE-100 study. Ann
Oncol. 2019;30:1080-7.

24. Hamanishi ], Mandai M, Ikeda T, Minami M, Kawaguchi A,
Murayama T, et al. Safety and antitumor activity of anti-PD-1
antibody, nivolumab, in patients with platinum-resistant
ovarian cancer. ] Clin Oncol. 2015;33:4015-22.

25. Ott PA, Bang Y], Berton-Rigaud D, Elez E, Pishvaian MJ, Rugo
HS, et al. Safety and antitumor activity of pembrolizumab in
advanced programmed death ligand 1-positive endometrial
cancer: results from the KEYNOTE-028 study. J Clin Oncol.
2017;35:2535-41.

26. Hasegawa K, Tamura K, Katsumata N, Matsumoto K, Taka-
hashi S, Mukai H, et al. Efficacy and safety of nivolumab
(Nivo) in patients (pts) with advanced or recurrent uterine cer-
vical or corpus cancers. ] Clin Oncol. 2018;36(15_Suppl):5594.

27. Davis AA, Patel VG. The role of PD-L1 expression as a predic-
tive biomarker: an analysis of all US Food and Drug Admin-
istration (FDA) approvals of immune checkpoint inhibitors. J
Immunother Cancer. 2019;7:278.

28. Chalmers ZR, Connelly CF, Fabrizio D, Gay L, Ali SM, Ennis
R, et al. Analysis of 100,000 human cancer genomes reveals
the landscape of tumor mutational burden. Genome Med.
2017;9:34.

29. Magee DE, Hird AE, Klaassen Z, Sridhar SS, Nam RK, Wallis
CJD, et al. Adverse event profile for immunotherapy agents
compared with chemotherapy in solid organ tumors: a sys-
tematic review and meta-analysis of randomized clinical tri-
als. Ann Oncol. 2020;31:50-60.

30. Makker V, Taylor MH, Aghajanian C, Oaknin A, Mier J, Cohn
AL, et al. Lenvatinib plus pembrolizumab in patients with
advanced endometrial cancer. ] Clin Oncol. 2020;38:2981-92.





