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ABSTRACT

Advanced gynecologic cancers have historically lacked
effective treatment options. Recently, immune checkpoint
inhibitors (ICls) have been approved by the US Food and
Drug Administration for the treatment of cervical cancer
and endometrial cancer, offering durable responses

for some patients. In addition, many immunotherapy
strategies are under investigation for the treatment of
earlier stages of disease or in other gynecologic cancers,
such as ovarian cancer and rare gynecologic tumors.
While the integration of ICls into the standard of care
has improved outcomes for patients, their use requires a
nuanced understanding of biomarker testing, treatment
selection, patient selection, response evaluation and
surveillance, and patient quality of life considerations,
among other topics. To address this need for guidance,
the Society for Inmunotherapy of Cancer (SITC)
convened a multidisciplinary panel of experts to develop
a clinical practice guideline. The Expert Panel drew on
the published literature as well as their own clinical
experience to develop evidence- and consensus-based
recommendations to provide guidance to cancer care
professionals treating patients with gynecologic cancer.

INTRODUCTION

Gynecologic cancer causes a significant global
health burden for people assigned female at
birth,! even with advances in prevention such
as vaccination against the human papilloma-
virus (HPV)—the main etiological agent of
cervical, vaginal, and vulvar cancers.? Recur-
rent or metastatic gynecologic cancer, espe-
cially of the cervix, endometrium, or ovary,
has historically been associated with poor
prognosis and limited treatment options that
often elicit significant toxicities.

In recent years, immune checkpoint inhib-
itors (ICIs) antagonizing programmed cell
death protein 1 (PD-1) or programmed
death-ligand 1 (PD-L1) (collectively referred
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to in this clinical practice guideline [CPG]
as PD-(L)1) have improved outcomes in
numerous cancers either as monothera-
pies or in combination with chemotherapy,
tumor-targeted therapies, or other ICIs.
These regimens disrupt suppressive signaling
in the tumor microenvironment such that
tumor antigen-specific T cells may efficiently
eradicate cancer cells and initiate subsequent
cycles of antigen presentation, T cell priming,
trafficking and infiltration, and recognition
of tumor antigens by effector cells.?

Many features of gynecologic cancer—
including elevated PD-L1 expression, patho-
genic mutations in DNA polymerase epsilon
(POLE) with accompanying ultra-mutated
tumor mutational burden (TMB), inter-
current HPV infections, presence of tumor
infiltrating lymphocytes (TILs), and high
penetrance of mismatch repair (MMR) defi-
ciency (dMMR)—suggest the presence of
pre-existing anti-tumor immunity that may be
amenable to re-invigoration through immu-
notherapy.* As such, ICIs have demonstrated
clinical benefit in advanced cervical cancer’
and endometrial cancer.®” Not all gyneco-
logic tumors respond to ICIs, however, and
biomarkers are crucial to identify patients
who may benefit.

Shared decision-making between patients
and clinicians for an immunotherapy treat-
ment plan for gynecologic cancer may require
an understanding of biomarker testing and
interpretation, treatment selection, special
considerations for understudied patient
populations, management of immune-related
adverse events (irAEs), radiologic surveil-
lance, patient education, and quality of life
(QOL) support. To provide evidence- and
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consensus-based recommendations for clinicians treating
gynecologic cancer, the Society for Immunotherapy
of Cancer (SITC) convened a multidisciplinary panel
of experts in the field to develop this CPG. The SITC
CPGs are provided by SITC to assist providers in clinical
decision-making and do not mandate a particular course
of treatment or medical care. The CPGs are not intended
to supplant sound judgment by the treating physician
with respect to particular patients or special clinical situa-
tions and cannot always account for individual variations
among patients. SITC considers adherence to the guid-
ance to be voluntary, with the ultimate determination for
the selected course of action to be made by the physician
in light of each patient’s individual circumstances.

GUIDELINE DEVELOPMENT METHODS

This CPG was developed by the SITC Gynecologic Cancer
Immunotherapy Guideline Expert Panel, under the
governance of the SITC Cancer Immunotherapy Guide-
lines Oversight Committee. The Institute of Medicine’s
(IOM) Standards for Developing Trustworthy Clinical
Practice Guidelines were used as a model for guideline
development.

Expert Panel composition

The guideline development group was multidisciplinary
and balanced. Members were selected based on their
expertize and experience in the field, including medical
oncology, nursing, and patient advocacy, as well as
other specialties as needed to support recommendation
development.

Conflict of interest management
Disclosures of all financial relationships that might result
in actual, potential, or perceived conflicts of interest
were individually reported prior to the onset of manu-
script development as well as at all key decision points
during manuscript development. Those with significant
financial connections that may compromise the ability to
fairly weigh evidence (either actual or perceived) were
not eligible to participate in guideline development. Any
non-disqualifying conflicts of interests among members
of the SITC Gynecologic Cancer Immunotherapy Guide-
line Expert Panel were managed as outlined in SITC’s
disclosure and conflict of interest resolution policies.
The financial support for the development of this
guideline was provided solely by SITC. No commercial
funding was received.

Recommendation development

Panel recommendations are based on literature evidence,
where possible, and clinical experience, where appro-
priate. Literature searches in relevant databases were
performed and publications were screened for inclusion
in the evidence base for the guideline recommenda-
tions. Recommendations herein were developed based
both on literature review and expert opinion presented

Box1 Summary of ‘The Oxford Levels of Evidence 2’

(adapted from the Oxford Centre for Evidence-Based
Medicine [OCEBM] Levels of Evidence Working Group).

Level 1

Systematic review or meta-analysis

Level 2

Randomized trial or observational study with dramatic effect
Level 3

Non-randomized, controlled cohort, or follow-up study
Level 4

Case series, case-control, or historically controlled study
Level 5

Mechanism-based reasoning

during open communication and scientific debate.
Subsequently, recommendations were refined through
a modified Delphi process as described by the RAND/
UCLA Appropriateness Method, Expert Panel consensus
discussions, and review and editing of manuscript drafts.

Evidence rating

The level of evidence (LE) for a given consensus recom-
mendation is expressed in parentheses following the
recommendation (eg, LE:1). Evidence supporting panel
recommendations was graded according to the Oxford
Centre for Evidence-Based Medicine (OCEBM) Levels of
Evidence Working Group ‘The Oxford Levels of Evidence
2’. A summary of the OCEBM grading scale may be found
in box 1.

External review

A draft of this CPG was made publicly available to provide
an opportunity for stakeholders potentially affected by
guideline to review and comment on the content. All
comments were evaluated by the Expert Panel and consid-
ered for inclusion into the final manuscript.

IMMUNOTHERAPY BIOMARKERS FOR GYNECOLOGIC CANCER

A number of the approved indications for ICIs in gyne-
cologic cancer include biomarker-driven eligibility
criteria for patient selection. Biomarker evaluation is
paramount for developing an immunotherapy treatment
plan, however, the recommended assays and their inter-
pretation for guiding treatment decisions are hetero-
geneous across disease settings. This section provides
an overview of validated and routinely used immuno-
therapy biomarkers for gynecologic cancer at the time of
guideline publication, with additional organ site-specific
requirements described in subsequent sections. Figure 1
summarizes the prioritized and recommended biomarker
tests for gynecologic cancers.

MMR deficiency/microsatellite instability

MMR proteins recognize and correct errors in DNA
that arise during replication.” The MMR machinery can
become deficient through various mechanisms, including
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Immune biomarker testing for gynecologic cancer. The VENTANA MMR IHC assay is the FDA-approved companion

diagnostic for determining MMR status for treatment with dostarlimab or pembrolizumab. The FoundationOne CDx is approved
as a companion diagnostic for assaying MSI-H and TMB-H status for pembrolizumab treatment. The PD-L1 IHC 22C3 pharmDx
assay is approved for measuring PD-L1 expression for the pembrolizumab indication in cervical cancer. dAMMR, mismatch
repair deficient; IHC, immunohistochemistry; MSI-H, high microsatellite instability; NGS, next-generation sequencing; PD-L1,
programmed death-ligand 1; TMB-H, high tumor mutational burden.

loss of function in key MMR proteins (ie, MLHI, MSH2,
MSHS6, or PMS2) or silencing of expression due to MLH1
promoter hypermethylation. Lynch syndrome is charac-
terized by germline mutations in genes encoding MMR
proteins and is present in approximately 2%-5% of endo-
metrial cancers.”'” One type of lesion repaired by MMR is
expansions of shortrepetitive motifs called microsatellites,
and a characteristic signature of dMMR is an accumula-
tion of these expanded regions throughout the genome,
which is referred to as high microsatellite instability (MSI-
H). MSI-H is a hallmark of dMMR tumors (though each
are distinct events) and both may lead to higher TMB
and neoantigen expression.'' MSI-H and dAMMR both are
associated with increased benefit with ICIs across many
types of tumors'? and are the basis of both tissue-agnostic
and tissue-specific indications for ICIs.

Pembrolizumab, an anti-PD-1 ICI, received an accel-
erated approval for the treatment of patients with unre-
sectable or metastatic MSI-H or dMMR solid tumors
that have progressed following prior treatment and who
have no satisfactory alternative treatment options in
May 2017." Efficacy was evaluated in a pooled analyses
including 149 patients with MSI-H tumors enrolled in five
non-randomized trials: KEYNOTE-016 (NCT01876511),

KEYNOTE-164 (NCT02460198), KEYNOTE-012
(NCT01848834), KEYNOTE-028 (NCT02054806), and
KEYNOTE-158 (NCT02628067). The objective response
rate (ORR) was 39.6% (95% CI 31.7% to 47.9%) and the
median duration of response (DOR) was not reached with
78% of patients having DOR >6 months."* This pooled
analysis included 14 patients with endometrial cancer (an
additional cohort of patients with endometrial cancer in
KEYNOTE-158 is discussed in the Recommended immu-
notherapy treatments for endometrial cancer section),
however no other gynecologic cancers were included in
the registrational data.

Dostarlimab, another anti-PD-1 ICI, received accelerated
approval for the treatment of patients with dAMMR recur-
rent or advanced solid tumors that have progressed on or
following prior treatment and who have no satisfactory
alternative treatment options in August 2021." Approval
was based on an ORR of 41.6% (95% CI 34.9% to 48.6%)
in 209 patients in the GARNET rial (NCT02715284),
which included a cohort of 103 patients with endometrial
cancer (discussed in the Recommended immunotherapy
treatments for endometrial cancer section). The median
DOR was 34.7 months (range 2.6-35.8+), with 95.4% of
patients with a DOR of 26 months. With the exception
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of the endometrial cancer cohort, the only patients with
gynecologic cancer in GARNET were two patients with
ovarian cancer, one of whom had a partial response (PR)
and the other stable disease (SD)."

Assessment of d(MMR/MSI-H

Immunohistochemistry (IHC) nuclear staining for
MMR proteins using a four-antibody panel is the most
commonly used method to detect dMMR, however two-
antibody THC may also be used.'® Although the original
US Food and Drug Administration (FDA) approval for
pembrolizumab for the treatment of dMMR/MSI-H
advanced solid tumors did not specify a companion diag-
nostic, the VENTANA MMR RxDx Panel assay was named
as an IHC companion diagnostic for assessing dMMR to
identify eligibility for both dostarlimab and pembroli-
zumab treatment in early 2022."

MSI is most commonly assayed using next-generation
sequencing (NGS)." In the trials that led to the MSI-H
tissue-agnostic approval for pembrolizumab, PCR-based
MSI testing was used with no specific assay named as
a companion diagnostic at the time of approval. In
February of 2022, however, the FDA approved the Foun-
dationOne CDx NGS assay as a companion diagnostic for
determining MSI-H status. Overall, both PCR- and NGS-
based assays for MSI-H are highly sensitive and concor-
dant in some tumor types.'®

It is important to note that MSI tests (PCR- and NGS-
based) do not provide direct information on MMR
proteins. Furthermore, these assays were developed and
validated for use in colorectal cancer, and therefore have
non-optimal performance in other tumor types, specif-
ically endometrial cancer. For example, endometrial
cancers have a significantly higher frequency of minimal
microsatellite shifts, specifically tied to MSH6 muta-
tions,'” which may be missed by standard MSI testing.”’
Therefore, IHC for dMMR is preferred over MSI testing
for non-colorectal cancers by the College of American
Pathologists.**'

The selection of IHC or NGS assay for MSI and MMR
assessment may have implications for treatment deci-
sions. Pembrolizumab is FDA-approved for the treatment
of both MSI-H and dMMR solid tumors, whereas the
tissue-agnostic indication for dostarlimab includes only
tumors that are dAMMR. While MSI and MMR status are
largely concordant, a small fraction of tumors may lose
MMR protein expression while remaining microsatellite
stable (MSS), and vice versa.?

PD-L1 expression

PD-L1 expression on tumor cells (TCs) and/or immune
cells (ICs) is prognostic in some tumors, and predictive of
clinical benefit with ICIs in others. At the time of guide-
line publication, the only gynecologic cancer for which
PD-L1 is used to identify eligibility for ICI treatment is
cervical cancer (more details on outcomes by PD-LI
expression subgroups in registrational trials for ICIs
in cervical cancer are provided in the Recommended

immunotherapy treatment for cervical cancer section).
The utility of PD-L1 expression for patient selection and
management for immunotherapy treatment is either
unknown or non-existent for endometrial, ovarian, and
other gynecologic malignancies.

Assessment of PD-L1 expression

A number of FDA-approved IHC PD-L1 companion diag-
nostics are available, using varying platforms, antibodies,
positivity thresholds, and assessing only TCs, ICs, or both.
All FDA-approved ICI indications in cervical cancer are
for patients with tumors with a PD-L1 combined positive
score (CPS)>1, as measured by an FDA-approved test."
CPS is measured as ratio of PD-Ll-positive cells (TCs,
lymphocytes, and macrophages) to the total number
of TCs, multiplied by 100. In the registrational trials of
pembrolizumab for the treatment of cervical cancer,
PD-L1 expression was measured using an IHC assay based
on the 22C3 antibody, and the PD-L1 IHC 22C3 pharmDx
assay is the approved companion diagnostic for pembroli-
zumab use in cervical cancer.

Although limited data are available on PD-L1 assay
and/or antibody concordance for gynecologic cancer
specimens, studies from non-small cell lung cancer
(NSCLC) and real world analyses including a variety of
tumor types indicate that the 22C3, 28-8,”** and SP263
antibodies are largely interchangeable. Concordance
may be inferior for staining of ICs compared with TCs,
and additional studies are needed to confirm and validate
PD-L1 assay concordance in cervical cancer, specifically.
In addition, some studies in non-gynecologic tumors
have shown good concordance with PD-L1 expression in
tumor biopsy samples and fine-needle aspirates® or in
decalcified bone,” but these are not yet validated.

Tumor mutational burden

Neoantigens can elicit a tumorspecific immune
response. TMB is often used as a surrogate for neoan-
tigen load, however, the correlation is not direct®® as a
raw count of mutations provides no information on
whether the changes lead to epitopes that are presented
by major histocompatibility complex (MHC) and elicit
an immune response. Bioinformatics approaches for
direct neoantigen load estimation via epitope and MHC
binding prediction are not yet validated for routine clin-
ical use. Although TMB and neoantigen load are not
interchangeable, high-TMB (TMB-H) tumors may elicit
antigen-specific T cell responses and thus are susceptible
to immune rejection.”

Pembrolizumab is currently FDA-approved in a tissue-
agnostic indication for the treatment of metastatic or
unresectable tumors that are TMB-H (defined as >10
mutations/megabase [mut/Mb] by an FDA-approved
assay) that have progressed following prior treatment and
that have no satisfactory alternative treatment options
(table 1)." The accelerated approval was granted in
June 2020, based on a prospectively planned retrospec-
tive analysis from KEYNOTE-158, a multicohort phase II,
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non-randomized study including patients with a variety
of solid tumors.” Among the 790 patients evaluable for
TMB, 102 had TMB-H tumors. The overall ORRs were
29% (95% CI 21% to 39%) for TMB-H tumors and
6% (95% CI 5% to 8%) for TMB-low tumors.*> While
TMB-H for the FDA-approved pembrolizumab indica-
tion is defined as >10 mut/Mb, other studies indicate
that a higher TMB cut-off may better predict response to
ICIs. In the MyPathway (NCT02091141) phase IIA basket
trial (n=121), the ORR for atezolizumab in patients with
tumors with TMB>16 mut/Mb was 38.1%, and the ORR
for patients with tumors with TMB=10mut/Mb and
TMB<16 mut/Mb was 2.1%.”"

Although the likelihood of clinical benefit with ICIs
loosely correlates with increasing TMB in some tumors,
TMB-H alone is not universally predictive.” Somatic muta-
tions may lead to neoantigens with sufficient homology
to self-antigens as to be unrecognizable to the immune
system. Additionally, other mechanisms including MHC
silencing, resistance to interferon (IFN) signaling, and
T cell exclusion may inhibit an effective anti-tumor
response, even when suppression by immune check-
points is alleviated by ICIs.” Detailed discussions on the
role of TMB-H as a predictive biomarker with ICIs across
gynecologic disease settings are provided in the respec-
tive sections of this guideline. Overall, available evidence
supports biomarkers other than TMB as preferred for
guiding treatment decisions with ICIs, specifically, PD-L1
expression for cervical cancer and MMR/MSI for endo-
metrial cancer.

Assessment of TMB

TMB is measured by the number of non-synonymous
mutations per coding area of a tumor genome, which can
be done by whole exome sequencing or a targeted panel
of selected genes.” TMB was assessed in KEYNOTE-158
using the FoundationOne CDx assay, a 324-gene NGS
panel that is FDA-approved as a companion diagnostic
for the TMB-H indication for pembrolizumab. Retrospec-
tive analysis demonstrated good concordance between
TMB-H assessed by whole exome sequencing and Founda-
tionOne CDx.** Currently, TMB assessment is performed
on tumor specimens, however, data are continuing to
emerge on the use of blood-based assays to assess for
TMB, including methods utilizing circulating-tumor DNA
(ctDNA), as discussed in the Biopsy and specimen consid-
erations section.

Biopsy and specimen considerations

At the time of guideline publication, all routinely used
IHC-, NGS-, and PCR-based assays and companion diag-
nostics for assessing TMB, dMMR, MSI, and PD-L1 are
validated for use on tumor biopsy tissue, and most assays
are performed on formalinfixed paraffin embedded
tissue sections. Depending on sample availability, clini-
cians may need to select between specimens obtained
from different anatomic locations or at different times
during treatment for biomarker evaluation.

Primary versus metastatic tumor biopsies

In patients with metastatic disease at initial diagnosis or
recurrence, clinicians may have the choice to assess biop-
sies from primary or metastatic lesions. Generally, most
tumors tend to demonstrate somatic subclonal diversity
from primary to metastatic sites,” yet the overall magni-
tude of genomic alterations and presence of driver muta-
tions has relatively good concordance.*

Data are lacking on whether MSI and dMMR status
varies between primary and metastatic biopsies in gyneco-
logic cancer. Germline dMMR mutations associated with
Lynch syndrome should be present regardless of site.
Data from colorectal cancer indicate that AIMMR /MSI-H
concordance in primary and metastatic tumors is high in
some metastatic sites but has low concordance in others,
and thus is largely organ-specific.*”

PD-L1 expression in cervical cancer may occasionally
vary between primary and metastatic sites, although data
are limited. One study of matched primary and meta-
static lymph node biopsies from patients with squamous
cell (n=96) and adenocarcinoma (n=31) cervical cancer
found that PD-L1 expression on TCs in the primary
tumor versus lymph node metastases varied 18%-31%
depending on the histology, and metastases had increased
levels of PD-L1 expressing 1Cs.”™ Data are lacking on
whether this is true for non-lymph node metastases in
cervical cancer. Another important consideration that
may affect PD-L1 expression in metastatic lesions is the
immunologic contexture of the metastatic site (eg, lung
metastases may be immunologically ‘hot,” whereas liver
metastases may be immunologically ‘cold’).

Considerations for IHC on archived tissue biopsies

Data from lung cancer have demonstrated that PD-L1
expression on archived tumors samples >3years old may
be diminished when assessed by IHC.* It is not clear if
this is also true for dMMR proteins in archived tumor
samples. Overall, fresh biopsies should be prioritized
when possible and internal controls should be used to
validate a negative result.

Liquid biopsy and ctDNA assessment

Data on the use of liquid-based assays to assess biomarkers
in ctDNA are continuing to mature. NGS on ctDNA to
assess TMB, MSI, and/or dMMR status has been shown to
generally be concordant with tissue biopsies in a variety of
solid tumors,* and specifically in endometrial cancer.”!
Measurements of ctDNA may also provide dynamic infor-
mation of tumor response to treatment before apparent
radiographic change,42 B but these approaches have not
been validated to inform treatment decisions for any solid
tumors at the time of guideline writing.

Liquid biomarker assessments have several theoretical
advantages over traditional tissue biopsies, including the
non-invasive nature and feasibility for longitudinal collec-
tion. An additional strategy that is being investigated in
gynecologic cancer is obtaining fluid from ascites for anal-
yses,44 when available, which may contain information
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. . . 45 46 .
on the immune microenvironment of tumors.” ™ This
strategy may be especially promising in ovarian cancer,
where ascites is more often available for sampling.

Emerging immune biomarkers

DNA POLE (a four-subunit complex encoded by the
POLE, POLE2, POLE3, and POLE4 genes) is the major
replicative polymerase for leading-strand synthesis.
Mutations in the catalytic or proofreading domains in
POLE can lead to tumors with very high TMB.** POLE
mutations have been found to be prognostic for better
outcomes overall in solid tumors across treatment modal-
ities.”” Patients with POLE-mutated tumors treated with
ICIs have further been found to have significantly higher
clinical benefit rates, median overall survival (OS), and
median progression-free survival (PFS) compared with
patients with POLEwild-type tumors.*® * As such, POLE
mutation status is an emerging biomarker for immuno-
therapy response, specifically in tumors that are more
commonly POLEmutated. POLE mutations are common
in endometrial cancers, occurring at rates of roughly
10%, and are the defining feature of one of the molecular
subtypes identified by The Cancer Genome Atlas (TCGA;
see the Histology, molecular subtypes, and immuno-
therapy biomarkers for endometrial cancer section for
more information).”” Other biomarkers of response to
immunotherapy, such as TIL density and gene expression
profiling are active areas of investigation at the time of
guideline publication.

Expert Panel recommendations

» For all patients with advanced or recurrent gyneco-
logic cancer, MMR IHC should preferentially be
performed as a firstline immunotherapy biomarker
for dMMR (LE:1). MSI and NGS testing can be
considered as second-line immunotherapy biomarker
tests (LE:3).

» With the exception of cervical cancer (LE:2) (and
possibly other HPV-related gynecologic cancers),
PD-L1 IHC expression should not be used for clinical
decision-making for patients with advanced or recur-
rent gynecologic cancers.

» For all patients with advanced or recurrent gyneco-
logic cancers, NGS should be considered to assess
for TMB-H eligibility for pembrolizumab treatment
under the tissue-agnostic indication (LE:3).

» For all patients with gynecologic cancer, biomarker
evaluation of recurrent lesions may be considered at
the time of recurrence.

IMMUNOTHERAPY FOR THE TREATMENT OF CERVICAL CANCER
Cervical cancer was the fourth most common cancer in
women globally in 2020,' with an estimated 14,100 new
cases and 4,280 deaths estimated in the US in 2022.%!
Major differences in incidence and death rates exist across
geographic regions, attributed to disparities in access to
preventative measures and early diagnosis. The primary
etiological factor leading to cervical cancer is chronic or

persistent HPV infection, which is associated with 99.7%
of invasive cervical cancers.”®> The 9valent HPV vaccine,
which was approved in 2014 and is currently indicated for
males and females ages 9-45," offers protection against
most of the 15 high-risk HPV types that are sexually
transmitted and associated with cervical cancer. These
types are also associated with other gynecologic cancers,
including vaginal and vulvar cancer,”* which are discussed
in the Vaginal and vulvar cancers section.

HPV vaccination has dramatically reduced the inci-
dence of cervical cancer in regions with widespread
vaccine uptake.”*® The HPV vaccine is a model of success
in cancer prevention and reflects a vital immune compo-
nent in HPV-related tumorigenesis, providing strong
rationale for immunotherapy approaches for treatment
of cervical cancer. Although therapeutic HPV vaccina-
tion was unable to achieve tumor rejection in advanced
cervical cancer,57 % some studies have shown a reduc-
tion in recurrence of cervical intraepithelial neoplasia
(CIN) when patients were vaccinated after a loop elec-
trosurgical excision procedure (LEEP).” Similarly, other
studies have shown regression of vulvar intraepithelial
neoplasia (another HPV-associated premalignancy) with
therapeutic vaccination after resection.”” HPV induces
MHC downregulation, IFN resistance, and upregulation
of PD-L1 expression in TCs,” leading to an immunosup-
pressive tumor microenvironment. The advent of ICIs
offered one strategy to overcome immunosuppression
and render cervical tumors susceptible to eradication by
antigen-specific T cells, and they are now the standard of
care for PD-L1-positive cervical cancer.

Histology and immunotherapy biomarkers for cervical cancer
Currently, ICIs are only indicated for advanced/meta-
static cervical cancer. However, ongoing studies are
evaluating potential benefits in the resectable setting.
Cervical cancer is typically diagnosed clinically by histo-
logic evaluation of a cervical biopsy.”*** Biomarker evalu-
ation is another important component of the workup for
advanced disease.

Cervical cancer histology

The most common histology of cervical cancer is squa-
mous cell carcinoma, followed by adenocarcinoma and
adenosquamous carcinoma, with other rare histological
subtypes such as neuroendocrine, endometrioid, serous,
and clear cell carcinomas also observed (some of which
are discussed in the Other rare gynecologic cancer vari-
ants section). The indications for ICIs are inclusive of all
histologies. Tumor size, extension, lymph node metas-
tasis, and other factors assessed in staging generally have
a greater impact on prognosis than histology.”

Cervical cancer-specific immune biomarkers

At the time of guideline publication, PD-L1 expression
is the only immune-related biomarker that predicts
benefit with ICIs for patients with cervical cancer. The
overall prevalence of PD-LI expression above the CPS>1
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threshold for positivity in cervical cancers is high. Overall,
34.4%-96% of cervical cancers express PD-L1, with some
of the variability potentially arising due to differences
in antibodies, assays, and cut-off thresholds used across
studies.” ** Additionally, PD-L1 expression is more prev-
alent in squamous cell tumors compared with adenocarci-
nomas. More information on measuring PD-L1 expression
can be found in the Immunotherapy biomarkers for gyne-
cologic cancer section.

The presence or density of TILs has been associated
with response to ICIs in other types of solid tumors’ and
specific subsets of infiltrating T cells have been associated
with favorable prognosis trends in cervical tumors.”"™"
High expression of PD-1 on cervical cancer TILs was
associated with worse outcomes overall in patients who
did not receive immunotherapy,”* consistent with a role
for immune suppression in poor prognosis. Data are
currently lacking on whether the presence or density of
specific TILs have prognostic value regarding response to
ICIs.

The utility of TMB-H and MSI-H/dMMR as predictive
biomarkers for patients with cervical cancer—a malig-
nancy with a high prevalence of tumor-specific antigens
due to presentation of HPV epitopes—is still unclear.
Overall, TMB in cervical cancer is moderate; the median
number of somatic mutations is between 1 mut/Mb and
10 rnut/Mb,75 % and the prevalence of TMB-H in all
cervical cancers is between 10%-20%.*" " Similarly, the
overall prevalence of MSI-H in cervical cancers is fairly
low, ranging from 2%-12%."%

Expert Panel recommendations

» For patients with advanced/recurrent cervical cancer,
PD-L1 testing is recommended (LE:2). MMR IHC and
NGS for MSI and TMB can be considered (LE:3).

Recommended immunotherapy treatments for cervical cancer
At the time of guideline publication, the anti-PD-1 ICI
pembrolizumab was approved in combination with
chemotherapy with or without the anti-vascular endo-
thelial growth factor (VEGF) antibody bevacizumab for
persistent, recurrent, or metastatic cervical cancer and as

a monotherapy for recurrent or metastatic cervical cancer
that is chemotherapy-refractory. Both indications are for
patients with a tumor CPS>1."” The landmark trials and
data leading to these approvals are provided in table 2. In
addition to the cervical cancerspecific approved immu-
notherapy indications, patients may be eligible for treat-
ment with pembrolizumab or dostarlimab based the TMB
or MSI/dMMR status of the tumor.

First-line immunotherapy for PD-L1-positive cervical cancer

In October 2021, the FDA granted regular approval to
pembrolizumab in combination with platinum-based
chemotherapy with or without bevacizumab in patients
with persistent, recurrent, or metastatic PD-L1-positive
(CPS=1) cervical cancer. Approval was based on the
phase III, placebo-controlled, double-blind study
KEYNOTE-826, which randomized patients to receive
pembrolizumab (200mg every 3weeks) or placebo plus
platinum-based chemotherapy (paclitaxel and cisplatin or
paclitaxel and carboplatin) with or without bevacizumab.
In total, 617 patients were enrolled, including 548 patients
with tumors with PD-L1 CPSx1. The primary endpoints
were PFS and OS. In the first planned interim analysis
(median follow-up 22months [range 15.1 to 29.4]), both
endpoints were met demonstrating superiority with the
addition of pembrolizumab to standard chemotherapy
and anti-angiogenic therapy.” PFS was improved with the
pembrolizumab combination compared with the placebo
combination in the PD-L1 CPS=1 population (table 2), the
PD-L1 CPS>10 population (10.4months [95% CI 8.9 to
15.1] vs 8.1 months [95% CI 6.2 to 8.8]; hazard ratio [HR]
0.58 [95% CI 0.44 to 0.77]; p<0.001), and the intention to
treat (ITT) population (10.4months [95% CI 9.1 to 12.1]
vs 8.2months [95% CI 6.4 to 8.4]; HR 0.65 [95% CI 0.53
t0 0.79]; p<0.001). Median OS was also improved with the
pembrolizumab combination in all populations (table 2).
Landmark OS estimates at 2years were 53.0% (95% CI
46.0% to 59.4%) vs 41.7% (95% CI 34.9% to 48.2%) in
the CPS21 population, 54.4% (95% CI 45.5% to 62.4%)
vs 44.6% (95% CI 36.3% to 52.5%) in the CPS>10 popula-
tion, and 50.4% (95% CI 43.8% to 56.6%) vs 40.4% (95%

Table 2 Registrational trial data for ICls for the treatment of cervical cancer

Trial info Patients (n) Agent(s) investigated Primary endpoints
ORR
KEYNOTE-158 7t Pembrolizumab 14.3% (95% CI 7.4% to 24.1%)%
(NCT02628067)°
PFS os
KEYNOTE-826 548* Pembrolizumab+platinum- HR for disease progression or death 0.62 (95% HR for

(NCT03635567)"®®° based

Placebo+platinum-based
chemotherapy+bevacizumab

*Patients whose tumors are PD-L1 CPS21.

tPatients had received one or more lines of chemotherapy for recurrent or metastatic disease.

Cl 0.50 to 0.77; p<0.001)
chemotherapy+tbevacizumab Median PFS: 10.4 months (95% Cl 9.7 to 12.3)

Median PFS: 8.2 months (95% Cl 6.3 to 8.5)

death 0.64 (95% CI 0.50 to 0.81; p<0.001)
Median OS: NR (95% Cl 19.8 to NR)

Median OS: 16.3 months (95% Cl 14.5 to
19.4)

tData supporting original accelerated approval, which was subsequently converted to regular approval.
Cl, confidence interval; CPS, combined positive score; HR, hazard ratio; ICl, immune checkpoint inhibitor; NR, not reached; ORR, objective response rate; OS, overall survival; PD-L1,

programmed death-ligand 1; PFS, progression-free survival.
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CI 34.0% to 46.6%) in the ITT population. Secondary
outcome measures for KEYNOTE-826 included ORR
and DOR. In the PD-L1 CPS>1 group the ORR for the
pembrolizumab combination was 68.1% compared with
50.2% in the placebo combination. DOR was also signifi-
cantly longer in this group for those patients treated in
the pembrolizumab combination arm, at 18.0months vs
10.4months in the placebo arm.

The treatmentrelated adverse events (TRAEs) in
KEYNOTE-826 were consistent with known safety
profiles. Grade 3—5 adverse events (AEs) occurred in
81.8% of patients in the pembrolizumab group and in
75.1% of patients in the placebo group, with the most
common serious AEs in both groups being anemia,
neutropenia, decreased neutrophil count, and hyperten-
sion. IrAEs were described in 33.9% (11.4% grade 3—5)
of the patients in the pembrolizumab group and in 15.2%
(2.9% grade 3—5) of those in the placebo group.” The
most common irAEs experienced by patients receiving
pembrolizumab in KEYNOTE-826 were hypothyroidism
(18.2% any grade, 1.3% grade 3—5), hyperthyroidism
(7.5% any grade, no grade 3—b5 events), colitis (5.2% any
grade, 1.6% grade 3—5), and severe skin reactions (4.6%
any grade, 3.9% grade 3—5).

Immunotherapy for disease that progresses on or after
chemotherapy

Accelerated approval for pembrolizumab monotherapy
for the treatment of patients with recurrent or metastatic
cervical cancer with disease progression on or after chemo-
therapy whose tumors express PD-L1 (CPS>1) was granted
in June 2018, based on results from the multicohort, non-
randomized, open-label, phase II KEYNOTE-158 basket
trial (table 2).” The accelerated approval was converted to
regular approval in October 2021. At median follow-up of
10.2months (range 0.6-22.7) the ORR was 14.6% (95%
CI 7.8% to 24.2%) in the 82 patients in the cohort with
PD-LI1-positive tumors. None of the 15 patients with PD-L1-
negative tumors had responses by RECIST v.1.1. The best
responses were three patients that achieved SD and the
study was not powered to formally assess efficacy in the
PD-Ll-negative cohort. Median PFS in the PD-L1-positive
cohort was 2.1 months (95% CI 2.1 to 2.3). Median OS
was 9.4months (95% CI 7.7 to 13.1) in the total popula-
tion and 11 months (95% CI 9.1 to 14.1) in the PD-L1-
positive population, and the estimated OS rates in the
PD-L1-positive group at 6 months and 12months were
80.2% and 47.3%, respectively.

Any-grade AEs were experienced in 65.3% of the total
population, and 12.2% were grade 3—4. Investigator-
assessed irAEs of any grade occurred in 25.5% of all
treated patients, and 5.1% were grade 3—4. The most
common irAEs were hypothyroidism (11.2%) and hyper-
thyroidism (9.2%).”

The accelerated approval for this indication was contin-
gent on results of the confirmatory trial, KEYNOTE-826,
which met its primary endpoints (see the First-line immu-
notherapy for cervical cancer section) ,69 and in October

2021, the accelerated approval for this indication was
converted to regular approval. The recommended immu-
notherapy treatments for patients with cervical cancer
can be found in figure 2.

The anti-PD-1 ICI cemiplimab was granted priority
review in the chemotherapy-experienced cervical cancer
setting by the FDA in September 2021 after the phase
III EMPOWER-Cervical 1 trial (NCT03257267) met its
primary endpoint of improved median OS (compared
with salvage chemotherapy)®' in patients with PD-L1-
positive tumors (expression on =1%of TCs by the
VENTANA PD-L1 (SP263) assay). However, the Supple-
mental Biologics License Application was withdrawn by
the manufacturer after the company and FDA were not
able to align on postmarketing studies. Importantly, while
EMPOWER-Cervical 1 corroborates better responses and
survival in patients with PD-L1 TC score 21% (ORR 18%
[95% CI 11% to 28%]) treated with cemiplimab versus
chemotherapy, a small number of responses to cemi-
plimab were also seen in patients with PD-L1 TC<1%
(ORR 11% [95% CI 4% to 25%]), suggesting that more
patients may respond to anti-PD-1 ICIs than are eligible
for the current FDA indication for pembrolizumab.
Importantly, while comparative data are lacking, anti-
PD-1 ICIs are generally expected to have similar clinical
efficacy.

TMB-H or MSI-H/dMMR cervical cancer

Patients with cervical cancer may also be eligible for
immunotherapy under the tissue-agnostic indications for
ICIs, depending on the TMB and/or MSI/MMR status
of the tumor.” '® For more details on tissue-agnostic
approvals, see the Immunotherapy biomarkers for gyne-
cologic cancer section. In KEYNOTE-158, response rates
were numerically higher for the TMB-H cervical tumors
(31% [95% CI 11% to 59%] in the TMB-H group vs
roughly 12% of patients in the TMB-low group), however
it is important to note that this arm of the trial was not
designed to assess efficacy in specific disease settings.'” *’
Although KEYNOTE-158 prespecified an additional post-
marketing analysis on pan-tumor response rates by MMR
status, the data on the sixpatients with cervical cancer
included in the study were not presented.* Additionally,
neither of the efficacy analyses supporting the MSI-H/
dMMR-based approvals for pembrolizumab or dostar-
limab included patients with cervical cancer.

Expert Panel recommendations

» For patients with recurrent or metastatic cervical
cancer that is PD-Ll-positive (CPS=1) and has
progressed on or after chemotherapy, pembroli-
zumab should be considered (LE:3).

» For patients with metastatic cervical cancer that is
PD-LI-positive (CPS=1), pembrolizumab with chemo-
therapy with or without bevacizumab should be
considered (LE:2).

» For patients with anti-PD-(L)l-resistant cervical
cancer, currently there are no data to inform the
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Diagnostic workup
e Patient evaluated by multi-disciplinary team
e Patient is candidate for systemic therapy

e Disease status confirmed: persistent, recurrent,
or metastatic cervical cancer

A

'

Pembrolizumab

monotherapy

~
Pembrolizumab +
chemotherapy +/-
bevacizumab

'
Guideline-directed SOC
(chemotherapy +/-
bevacizumab)

Figure 2 Advanced cervical cancer diagnostic workup and treatment algorithm. For all patients with cervical cancer, clinical
trial enrolment should be encouraged, as feasible. CPS, combined positive score; PD-L1, programmed death-ligand 1; SOC,

standard of care

sequencing of therapies and/or rechallenge with an
ICL

Emerging immunotherapy strategies for cervical cancer

Several investigational immunotherapy strategies were
being evaluated in cervical cancer at the time of guide-
line publication, including ICI combinations, therapeutic
vaccines, cell therapies, and other immunomodulating
agents. Clinical trial enrollment should be offered and
encouraged during a patient’s treatment, to provide cutting-
edge care and to continue to move the field forward.

ICl-based combinations for the treatment of cervical cancer
The combination of balstilimab (anti-PD-1) plus zali-
frelimab  (anti-cytotoxic T lymphocyte antigen-4

[CTLA-4]) metits ORR endpoint in a phase II single-arm
trial (NCT03495882) with an ORR of 25.6% (95% CI
18.8% to 33.9%) in patients with recurrent and/or meta-
static cervical cancer who relapsed after prior platinum-
based therapy.”” The phase /11 basket trial Checkmate358
(NCT02488759) has also reported positive results in
patients with cervical cancer using ipilimumab (anti-
CTLA-4) plus nivolumab (anti-PD-1), regardless of PD-L1
expression.™

HPYV infection has been associated with upregulation
of transforming growth factor (TGF)-B signaling®™ moti-
vating the investigation of inhibition of TGF-§ signaling
in combination with anti-PD-(L)1. Bintrafusp alfa (also
known as M7824), the bifunctional fusion protein which
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contains the extracellular domain of the TGFRIIreceptor
(a TGF-B ‘trap’) fused to a mAb blocking PD-L1, resulted
in an an ORR of 28.2% and DOR of 11.7months (range
1.4 to 41.2) in 39 patients with cervical cancer in pooled
data from phase I and phase II trials (NCT02517398 and
NCT03427411).*° Bintrafusp alfa is also being combined
with cytokines and HPV-targeting vaccines in other
ongoing trials (NCT04287868; NCT04708470).

Radiation modulates the immune system via a number
of mechanisms, including inducing type I IFN expres-
sion and antigen release to activate an adaptive immune
response.”’” Several trials are investigating the combi-
nation of chemoradiation therapy (CRT) in combina-
tion with ICIs. The randomized phase III CALLA trial
(NCT03830866), which compared CRT plus durvalumab
to CRT alone for the treatment of high-risk locally
advanced cervical cancer, did not reach its primary PFS
endpoint.*®

Investigational immunotherapy strategies for the treatment of
cervical cancer
Tumors evade immune eradication via multiple mech-
anisms beyond checkpoints.” Augmenting the tumor-
antigen-specific T cell repertoire via therapeutic
vaccination is a strategy that has been well studied in
cervical cancer.” Newer approaches are attempting to
combine HPV-targeting vaccines with other treatments
such as CRT and ICIs to overcome immune suppression
in the tumor microenvironment. Axalimogene filolisbac
(ADXS11-001)is a live-attenuated E7-producing Listeria
monocytogenes vaccine that has reported results from
phase II trials® and has progressed to phase III. Other
vaccines being evaluated include ISAIOI, a synthetic
long-peptide HPV-16 vaccine, which is being combined
with nivolumab in a phase II trial (NCT02426892)% and
the GX-188E DNA vaccine, which is being combined
with pembrolizumab in the phase II trial KEYNOTE-567
(NCT03444376).°" The BVAC-C vaccine, a B cell-based
and monocyte-based vaccine targeting E6 and E7, is being
investigated in a phase II study (NCT02866006) as mono-
therapy or in combination with topotecan.”
HPV-specific antigens can also be targeted using adop-
tive cell therapies (ACTs). Strategies to boost cell therapy
HPV-specific cytotoxicity, including dendritic cell vaccines
or viral gene delivery of E6 and/or E7, have proven to
be effective in preclinical studies, and may improve clin-
ical outcomes of these cell therapies in future studies.”
Study C-145-04 (NCT03108495) is an ongoing, open-
label, multicenter, phase II trial evaluating LN-145 TIL
therapy in patients with advanced cervical cancer who
have undergone prior chemotherapy. At a short follow-up
of 3.5months, in 27 patients the ORR was 44% and the
disease control rate (DCR) was 89%," supporting break-
through therapy designation from the FDA in 2019.
Additional cell therapy agents, such as T cell receptor
(TCR)-engineered cell therapy, natural killer (NK) cell
therapies, and chimeric antigen receptor (CAR) T cell
therapy have also been employed in some small studies

in patients with cervical cancer, but limited data are
available.

Expert Panel recommendations

» For all patients with cervical cancer, clinical trial
enrollment should be offered, as feasible.

» Non-FDA-approved immunotherapy combination
strategies should only be considered in the context of
a clinical trial.

IMMUNOTHERAPY FOR THE TREATMENT OF ENDOMETRIAL
CANCER

Endometrial cancer was the sixth most common cancer
in women in 2020." As the most common form of uterine
cancer, incidence rates have been on the rise in the US for
many years,” * with an estimated 65,000 new cases and
12,500 deaths in 2021.%” In developed regions, diagnosis
often occurs at an early/localized stage, which is associ-
ated with a favorable prognosis with the 5-year OS rates for
The International Federation of Gynecology and Obstet-
rics (FIGO) stage IA and IB of 77%-90%.% % Advanced-
stage endometrial cancer, however, has historically lacked
effective treatments and the 5-year OS for stage IV disease
is around 20%.” Metastatic or recurrent endometrial
cancer has historically been treated with cytoreductive
surgery, followed by systemic therapy, often multi-agent
platinum plus taxane-based chemotherapy or endocrine
therapy. Second- or later-line options for advanced disease
have been limited to rechallenge, which generally offers
moderate responses with low durability.'"*"?

A percentage of endometrial tumors have high muta-
tional burdens and IC infiltration, characteristics of
immunologically ‘hot’ tumors. ICIs have significantly
improved outcomes for other ‘hot’ tumors, such as mela-
noma and NSCLC, providing rationale for investigation
of their efficacy in endometrial cancer as well.

Histology, molecular subtypes, and immunotherapy
biomarkers for endometrial cancer

Endometrial tumors are commonly classified into two major
histological subtypes: endometrioid, which is the most
common and often lowergrade, and non-endometrioid,
which includes serous, clear cell, carcinosarcoma, and
others, all of which are classified as high grade.'” '** In addi-
tion to staging and histology, endometrial cancers can also
be classified by molecular features, which has important
implications for immunotherapy treatment.

Endometrial cancer molecular subgroups

Endometrial cancer is a heterogeneous disease. The most
widely utilized molecular classification for endometrial
cancer came from an analysis of 373 endometrial tumors
by TCGA Research Network,” which delineates four
molecular subgroups: (1) Ultra-mutated (often driven by
mutations in POLE), (2) Hypermutated (driven by MSI),
(3) High somatic copy-number alterations (SCNA) (often
TP53mutated and commonly serous histology), and (4)
Low SCNA (commonly endometrioid histology). TCGA
subgrouping is clinically informative, and methods have
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been developed to improve feasibility as a standard assess-
ment of biopsied samples, including the commonly used
Proactive Molecular Risk classification tool for endometrial
cancers (ProMisE).'” ' Furthermore, TCGA subgrouping
may reveal tumors that are already eligible for ICI treatment
due to dMMR/MSI-H and/or TMB-H status.

PD-L1 expression in endometrial cancer

The value of PD-L1 as a predictive biomarker for benefit
with ICIs in endometrial cancer is limited. PD-L1 expres-
sion in endometrial cancer is heterogeneous, regard-
less of molecular subgroup, histology, or stage.'’”'"
Non-endometrioid and undifferentiated tumors tend to
have higher PD-L1 expression.'”” % 10111 ORRs in early
phase studies evaluating ICI monotherapy for previously
treated endometrial carcinoma have been similar across
PD-L1-positive and PD-LI-negative tumors.’ ''*'"¥ Some
studies have reported higher PD-L1 expression on infil-
trating lymphocytes of POLE-mutated and MSI-H tumors
compared with MSS tumors, however little difference
across subtypes was noted in PD-L1 expression on the TCs
themselves.''” ""* ' Other reports have observed a high
degree of PD-L1 TC staining in MSS tumors with infre-
quent PD-L1 TC staining in POLE-mutated tumors.''® The
prognostic significance of immune versus tumor PD-L1
staining in endometrial cancer is not known.

Mutation burden and dMMR/MSI in endometrial cancer
Endometrial cancers in the ultra-mutated or hyper-
mutated TCGA groups are often dMMR/MSI-H, and
therefore, eligible for ICI treatment under tissue agnostic
and/or endometrial cancer-specific indications (see the
Recommended immunotherapy treatments for endome-
trial cancer and the Immunotherapy biomarkers for gyne-
cologic cancer sections for more detail on disease-specific
indications and diagnostic testing for these biomarkers,
respectively).'” Despite the high prevalence of dMMR
in endometrial cancer, testing for dMMR/MSI-H is
underutilized. One European study found that in 2018,
less than 40% of patients with advanced recurrent endo-
metrial cancer had any MSI/MMR screening.117

Ultra- or hyper-mutated endometrial cancers are typi-
cally TMB-H as well due to loss of proofreading in the
replicative polymerase or lack of MMR, respectively. POLF-
mutated endometrial cancers have the best prognosis
compared with other molecular subgroups regardless
of treatment used, largely attributed to high neoantigen
burden. SNCA-high and SNCA-low subgroup tumors
typically have a low mutation load.” Corresponding
with the mutation frequencies, POLE-mutated endome-
trial tumors have the highest predicted neoantigen load
(8,342 median predicted neoantigens per sample; range
628-20,440; p<0.001) compared with MSI (541; range
146-8,063) and MSS tumors (70.5; range 7-1,877).""*
POLE-mutated tumors also have higher degrees of CD8"
T cell infiltration as well as higher numbers of CD8" and
CD3" TILs compared with other categories.''* " 118

Exploratory analyses of responses to anti-PD-1-based
regimens by TMB status have been reported from land-
mark trials assessing ICIs in previously treated endome-
trial cancer, GARNET and KEYNOTE-775. In GARNET,
patients with TMB-H tumors had higher ORRs with dostar-
limab treatment than patients with TMB-low tumors in
both mismatch repair proficient (pMMR) (45.5% [95%
CI 16.7% to 76.6%; n=bof 11] vs 12.1% [95% CI 7.2% to
18.6%; n=17 of 141]) and dMMR subgroups (43.8% [95%
CI 33.3% to 54.7%; n=39 of 89] vs 21.4% [95% CI 4.7%
to 50.8%; n=3of 14]).""? Similarly, in KEYNOTE-775,
superior ORRs to pembrolizumab plus lenvatinib were
observed in tumors with TMB above the cut-off threshold
of >175 mutations/exome regardless of MSI status (77%
for TMB-H group [n=10o0f 13] vs 33% for low TMB group
[n=220f 66]) as well as in the small number of patients
with tumors that were MSS and TMB-H (100% in the
TMB-H group [n=4of 4] vs 34% in the low TMB group
[n=220f 64])."*" Despite these early and exploratory
results, MMR status is the preferred biomarker over TMB
to inform treatment selection in patients with previously
treated endometrial cancer, where MMR status informs
whether anti-PD-1 monotherapy and pembrolizumab
plus lenvatinib combination therapy may be appropriate
for patients with dMMR and pMMR tumors, respectively.

Expert Panel recommendations

» Tumor PD-L1 expression should not be used to guide
immunotherapy treatment decisions in endometrial
cancer (LE:2).

» For all patients with advanced or recurrent endome-
trial cancer, MMR IHC on tumor tissue should prefer-
entially be performed as a firstline immunotherapy
biomarker for dMMR (LE:1). MSI and NGS testing
can be considered as second-line immunotherapy
biomarker tests (LE:3).

Recommended immunotherapy treatments for endometrial
cancer

ICIs have demonstrated benefit for biomarker-selected,
previously treated endometrial cancers, as well as unse-
lected, previously treated tumors when combined with
the anti-angiogenic tyrosine kinase inhibitor (TKI)
lenvatinib. ICIs combined with chemotherapy have also
demonstrated benefit in patients with systemic therapy-
naive or first recurrent endometrial cancer, although
these combinations were not FDA-approved at the time of
guideline publication. Data leading to FDA approvals for
IClIs for the treatment of endometrial cancer are summa-
rized in table 3.

Previously untreated stage Ill or IV or first recurrent endometrial
cancer

While not FDA-approved at the time of guideline publica-
tion, two phase III randomized placebo-controlled trials
have reported positive results with the use of anti-PD-1
ICIs in combination with carboplatin and paclitaxel in
patients with previously untreated stage III or IV or first
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Open access

Table 3 Landmark trials and registrational data for ICls for the treatment of endometrial cancer

Trial info Patients (n) Agent(s) investigated Primary endpoint(s)
PFS oS
KEYNOTE-775* 6971 Pembrolizumab+lenvatinib  HR versus chemotherapy 0.60 (95% CI 0.50 HR versus chemotherapy 0.68 (95% CI

(NCT03517449)'3 12

to 0.72; p<0.0001)
Median PFS: 6.6 months (95% CI 5.6 to 7.4)

0.56 to 0.84; p=0.0001)
Median OS: 17.4 months (95% CI 14.2 to

19.9)
Investigator’s choice Median PFS: 3.8 months (95% CI 3.6 to 5.0) Median OS: 12months (95% Cl 10.8 to
chemotherapy (paclitaxel or 13.3)
doxorubicin)
ORR DOR
GARNET (NCT02715284) 71+ Dostarlimab 42.3% (95% Cl 30.6% to 54.6%)§ Median DOR: NR§

ORR

KEYNOTE-158 901
(NCT02628067)"®

Pembrolizumab

46% (95% Cl 35% to 56%)

*KEYNOTE-775 supported regular approval of pembrolizumab plus lenvatinib. Accelerated approval was based on KEYNOTE-146 (see the pMMR endometrial cancer section).

tPatients with tumors that are pMMR/MSS.
tPatient with tumors that are dMMR.

§Data supporting original accelerated approval, which was subsequently converted to regular approval.
Cl, confidence interval; dMMR, mismatch repair deficiency; DOR, duration of response; HR, hazard ratio; ICI, immune checkpoint inhibitor; MSS, microsatellite stable; NR, not
reached; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; pMMR, mismatch repair proficient.

recurrent endometrial cancer. In both studies, PFS was
improved with the addition of an ICI to the standard of
care chemotherapy regimen, regardless of MMR status.
The RUBY trial (NCT03981796) randomized 494 patients
with primary advanced stage III or IV or first recurrent
(systemic therapy-naive or previously treated with neoad-
juvant or adjuvant systemic therapy and had recurred or
progressed >6 months after completion of treatment)
endometrial cancer to receive dostarlimab (500mg) with
carboplatin and paclitaxel or placebo with carboplatin
and paclitaxel every 3 weeks for six cycles, followed by
dostarlimab (1000mg) or placebo every 6 weeks for up to
3years."”! Primary endpoints were PFS in both the AMMR/
MSI-H and overall populations, and OS in the overall popu-
lation. In patients with dMMR/MSI-H endometrial cancer
(n=118; median follow-up 24.8 months [range 19.2-36.9]),
the 2-year PFS rate was 61.4% (95% CI 46.3% to 73.4%) in
the dostarlimab group and 15.7% (95% CI 7.2% to 27.0%)
in the placebo group (HR for disease progression or death
0.28;95% CI 0.16 to 0.50; p<0.001). In the overall population
(median follow-up 25.4 months [range 19.2-37.8]), land-
mark PFS at 2years was 36.1% (95% CI 29.3% to 42.9%) in
the dostarlimab group and 18.1% (95% CI 13.0% to 23.9%;
HR for disease progression or death 0.64; 95% CI 0.51 to
0.80; p<0.001) in the placebo group. The 2-year OS rates
were 71.3% (95% CI 64.5% to 77.1%) with dostarlimab
and 56.0% (95% CI 48.9% to 62.5%) with placebo (HR for
death 0.64; 95% CI 0.46 to 0.87; p=0.0021). In subgroup
analyses, the 2-year PFS rates for the pMMR/MSS popula-
tion were 28.4% (95% CI 21.2% to 36.0%) with dostarlimab
and 18.8% (95% CI 12.8% to 25.7%) with placebo (HR for
disease progression or death 0.76; 95% CI 0.59 to 0.98), and
2-year OS rates were 67.7% (95% CI 59.8% to 74.4%) and
55.1% (95% CI 46.8% to 62.5%), respectively. In the overall
population, grade >3 AEs occurred in 70.5% of patients in
the dostarlimab group and 59.8% of patients in the placebo
group, with the most common AEs (any grade) being

nausea (53.9% and 45.9%), alopecia (53.5% and 50.0%),
and fatigue (51.9% and 54.5%). The most common irAEs
to occur in the dostarlimab group were hypothyroidism
(11.2%) and rash (6.6%).

The NRG-GYO018 trial (NCT03914612) randomized
816 patients with stage III, IVA, or IVB or first recur-
rent (systemic therapy-naive or previously treated with
adjuvant chemotherapy and >12months chemotherapy-
free interval) endometrial cancer to receive either
pembrolizumab (200mg) or placebo with carboplatin
and paclitaxel every 3 weeks for six cycles, followed by
pembrolizumab (400mg) or placebo every 6 weeks for
up to 14 Cycles.122 The primary endpoint was PFS. For
the 225 patients with dMMR endometrial cancer, the
1l-year PFS rates were 74% for patients in the pembroli-
zumab group and 38% for patients in the placebo group
(median follow-up 12months; HR 0.30; 95% CI 0.19 to
0.48; p<0.001). Median PFS was not reached (95% CI 30.6
to not reached) with pembrolizumab and was 7.6 months
(95%CI 6.4 to 9.9) with placebo. In patients with
PMMR endometrial cancer (n=588; median follow-up
7.9months), the median PFS was 13.1 months (95% CI
10.5 to 18.8) with pembrolizumab and 8.7months (95%
CI 8.4 to 10.7) with placebo (HR 0.54; 95% CI 0.41 to 0.71;
p<0.001). Grade >=3AEs occurred in 63.3% of patients
who received pembrolizumab and in 47.2% of patients
in the placebo group in the dMMR cohort, and 55.1%
and 45.3%, respectively, in the pMMR cohort. Across all
patient groups, some of the more common AEs at any
grade included fatigue, peripheral sensory neuropathy,
anemia, and nausea.

pMMR endometrial cancer

Pembrolizumab in combination with lenvatinib was
granted accelerated approval for the treatment of patients
with advanced endometrial carcinoma that is pMMR or
not MSI-H and who have disease progression following
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prior systemic therapy but are not candidates for cura-
tive surgery or radiation in September 2019. Accelerated
approval was based on interim results of KEYNOTE-146,
a phase Ib/II single-arm basket study in solid tumors.
Of the 108 patients with previously treated endometrial
cancer, 94 patients had tumors that were pMMR/MSS
and 11 had tumors that were AMMR /MSI-H. At 24 weeks,
the combination of pembrolizumab (200 mg intravenous
every 3weeks) plus lenvatinib (20 mg daily) showed anti-
tumor activity regardless of MSI status. The ORR for
patients with tumors not dAMMR/MSI-H was 36.2% (95%
CI 26.5% to 46.7%), the ORR for patients with dMMR/
MSI-H tumors was 63.6% (95% CI 30.8% to 89.1%), and
the ORR across subgroups was 38.0% (95% CI 28.8% to
47.8%).°

Accelerated approval was conditional pending results
from KEYNOTE-775, a phase III, open-label trial in which
patients were randomized to receive pembrolizumab plus
lenvatinib or investigator’s choice of doxorubicin or pacli-
taxel, which metits primary PFS and OS endpoints leading
to conversion to regular approval in July 2021. In total, 827
patients (pMMR, n=697; dMMR, n=130) with advanced
endometrial carcinoma previously treated with at least
one prior platinum-based chemotherapy regimen in any
setting were enrolled.”” ' In updated analyses (median
follow-up [all comers] lenvatinib plus pembrolizumab
group 18.7months; chemotherapy group 12.2months),
in addition to continued PFS and OS benefit (HR 0.70
[95% CI 0.58 to 0.83]), more frequent and more durable
responses were observed with pembrolizumab plus lenva-
tinib versus chemotherapy in the pMMR/MSS population
(ORR 32.4% [95% CI 27.5% to 37.6%] vs 15.1% [95% CI
11.5% to 19.3%]; median DOR 9.3 months [range 1.6+ to
39.5+] vs 5.7months [range 0 to 37.1+]). Similar efficacy
outcomes were observed in the all-comers population as
well.

Overall, AEs associated with pembrolizumab plus
lenvatinib were consistent with known safety profiles for
each agent. Any-grade TRAE rates were similar in both
arms. Grade >3 TRAEs occurred in 90% of patients with
pembrolizumab plus lenvatinib and in 74% of patients
treated with chemotherapy.'* Anti-angiogenic agents such
as lenvatinib can create an increased risk for hemorrhage
and hypertension,'** both of which were observed in the
lenvatinib plus pembrolizumab arm of KEYNOTE-775.
Grade 23 hypertension occurred in 37.9% of patients
receiving pembrolizumab plus lenvatinib, compared with
2.3% of patients who received chemotherapy.'> The most
common AE attributed to pembrolizumab treatment was
hypothyroidism, which occurred in 57.6% (any grade) of
patients who received pembrolizumab plus lenvatinib.

dMMR endometrial cancer

Endometrial tumors have among the highest rates of
dMMR/MSI in solid tumors.'**” Dostarlimab is approved
for adult patients with dMMR recurrent or advanced endo-
metrial cancer that has progressed on or following a prior
platinum-containing regimen. The accelerated approval,

which was granted in April 2021, was based on GARNET,
an open-label, phase I basket trial (table 3). Cohort Al of
GARNET included 71 patients with dAMMR endometrial
cancer, and the ORR and DOR endpoints were met at an
interim analysis with a median follow-up of 11.2 months
(range 0.03+ to 22.11+).” The VENTANA MMR RxDx
Panel, which was used to retroactively confirm MMR
status in GARNET," was approved as the companion
diagnostic for this indication. In February 2023, the accel-
erated approval was converted to regular approval. The
reported ORR at the time of regular approval for patients
with dMMR endometrial tumors (n=141) was 45.4% (95%
CI 37.0% to 54.0%)."® The DOR was not reached (range
1.2+ to 52.8+ months) and the percentage of patients with
response duration >12months and 24 months was 85.9%
and 54.7%, respectively.

At an additional interim analysis for GARNET, median
PFS was 6.0 months (95% CI 4.1 to 18.0) for patients with
dMMR/MSI-H tumors (median follow-up 27.6 months;
n=143) and 2.7 months (95% CI 2.6 to 2.8) for patients
with pMMR/MSS tumors (median follow-up 33 months;
n=156), with estimated 36 month PFS rates of 40.1% and
6.8%, respectively.'® Median OS was not reached for
patients with dAMMR/MSI-H tumors (95% CI 25.7 months
to not reached; n=153) and 16.9 months (95% CI 13.0 to
21.8; n=161) for patients with pMMR/MSS tumors, with
an estimated probability of survival at 36 months of 58.4%
and 22.2%, respectively.

Patients with endometrial cancer that is dMMR or
MSI-H who have disease progression following prior
systemic therapy in any setting and who are not candi-
dates for curative surgery or radiation are also eligible for
pembrolizumab monotherapy. Approval was granted in
March 2022, based on Cohorts D and K of KEYNOTE-158
(table 3). At long-term follow-up (median 54.5months;
n=94), ORR was 50% (95% CI 39.5% to 60.5%), and
the median DOR was 63.2months (range 2.9 to 63.2).1%
Median PFS was 13.1 months (95% CI 4.3 to 25.7), with
a 4-year estimated PFS rate of 37%. Median OS was
65.4months (95% CI 29.5 to not reached), and the esti-
mated OS rate at 4years was 59%. The VENTANA MMR
RxDx panel was approved as a companion diagnostic for
assessing dMMR, and the FoundationOne CDx assay is
FDA-approved as a companion diagnostic for assessing
MSI-H. The recommended immunotherapy treatments
for patients with endometrial cancer can be found in
figure 3.

GARNET reported manageable toxicity for dostarlimab
monotherapy, and no major safety differences were seen
between patients with dAMMR or pMMR tumors.'" Any
grade TRAEs occurred in 67.6% of patients, and grade >3
TRAEs occurred in 16.6% of patients. The most common
any-grade TRAEs were fatigue (17.6%), diarrhea (13.8%),
and nausea (13.8%), and the most common grade
>3 TRAE was anemia at 2.8%. Any-grade irAEs occurred
in 23.1% of patients, the most common being hypothy-
roidism and diarrhea. Grade >3 irAEs occurred in 7.7%
of patients.” Similarly, no new safety signals were reported
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recurrent endometrial cancer

Diagnostic workup
e Patient evaluated by multi-disciplinary team

e Patient is candidate for systemic therapy
¢ Disease status confirmed: advanced, metastatic, or

v
. ' '
e Dostarlimab + e Pembrolizumab
carboplatin + paclitaxel Pembrolizumab + monotherapy

e Pembrolizumab +
carboplatin + paclitaxel

lenvatinib

e Dostarlimab
monotherapy

Figure 3 Advanced endometrial cancer diagnostic workup and treatment algorithm. For all patients with endometrial cancer,
clinical trial enrolment should be encouraged, as feasible. For patients with HER2+ serous endometrial cancer, carboplatin plus
paclitaxel and trastuzumab is also a treatment option. *Excluding prior chemotherapy given in the neoadjuvant or adjuvant
setting; TFollowing prior systemic therapy in any setting including the neoadjuvant or adjuvant setting. dMMR, mismatch repair
deficient; HER2, human epidermal growth factor receptor 2; MMR, mismatch repair; MSI-H, high microsatellite instability; MSS,

microsatellite stable; p MMR, mismatch repair proficient.

with pembrolizumab monotherapy in KEYNOTE-158
(n=90). Any-grade TRAEs (investigator-identified) were
reported in 76% of patients, and 12% were grade 3—4.
The most common TRAEs were pruritus (24%), fatigue
(21%), and diarrhea (16%). Infusion reactions or irAEs
occurred in 28% of patients, and 7% were grade 3—4. The
most common irAEs were hypothyroidism (14%) and
hyperthyroidism (8%). Six patients (7%) discontinued
treatment due to a TRAE, and there were no fatal TRAEs.

TMB-H endometrial cancer

The efficacy data leading to the accelerated approval of
pembrolizumab for all solid tumors that are TMB-H are
described in the Immunotherapy biomarkers for gyneco-
logic cancer section. In the patients with TMB-H endo-
metrial cancer (n=15) in KEYNOTE-158, the ORR with

pembrolizumab was 47% (95% CI 21% to 73%) and the
response duration ranged from 8.4+ months to 33.9+
months.'® % Responses were infrequent, however, in
patients with endometrial cancer that was TMB-low, with
only 4 of 67 patients responding.

Expert Panel recommendations

» For firstline treatment of recurrent or metastatic
endometrial cancer, carboplatin plus paclitaxel with
or without trastuzumab (if HER2+ serous endometrial
cancer) was the standard of care at the time of guide-
line publication (LE:2). Anti-PD-1 ICIs in combina-
tion with carboplatin plus paclitaxel demonstrated
statistically ~significant and clinically meaningful
improvements in PFS over chemotherapy alone for
the treatment of previously untreated stage III or IV
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or first recurrent (after prior neoadjuvant or adjuvant
chemotherapy) endometrial cancer. The observed
benefit was regardless of MMR status (LE:2), however,
this combination was not FDA-approved at the time of
guideline publication.

» For second-line treatment of patients with pMMR/
MSS advanced or recurrent endometrial cancer,
pembrolizumab plus lenvatinib is recommended, as
indicated. For second-line treatment of patients with
TMB-H/pMMR/MSS endometrial cancer (LE:2),
pembrolizumab plus lenvatinib is the standard of care
option (LE:2) however, anti-PD-1 monotherapy may
also be an option (LE:3).

» For patients with dMMR/MSI-H advanced or recur-
rent endometrial cancer who have disease progression
following prior systemic therapy in any setting and
who are not candidates for curative surgery or radia-
tion, pembrolizumab monotherapy is recommended
(LE:3). For patients with dMMR/MSI-H advanced
or recurrent endometrial cancer who have disease
progression following prior platinum-containing
regimen in any setting and who are not candidates
for curative surgery or radiation, dostarlimab mono-
therapy is recommended (LE:3).

Emerging immunotherapy strategies for endometrial cancer
ICI monotherapies are effective for biomarker-selected
patients with endometrial cancer, and trials are ongoing
evaluating dual immunotherapy combinations such
as anti-PD-(L)1 with anti-PVRG (a NK cell checkpoint
protein) and anti-TIGIT (NCT04570839), IDO inhi-
bition (NCT04106414), anti-CTLA-4 (NCT03015129;
NCTO05112601), and others. Many of the ICI combina-
tions under investigation include novel ICI backbones,
or agents approved in other regions outside of the US.
Although comparative data are lacking, ICIs targeting the
same pathway are generally expected not to differ in clin-
ical efficacy.

KEYNOTE-146 and KEYNOTE-775 demonstrated
that combining anti-PD-1 ICIs with VEGF(R) inhibition
prolongs survival in patients with platinum-refractory
endometrial cancer. The combination is now being
assessed in the first-line setting for stage I1I, IV, or recurrent
endometrial cancer in the phase III randomized LEAP-
001 trial (NCT03884101). ICIs are also being combined
with PARP inhibitors as dual therapies (NCT03016338),
or as triplet therapies in combination with chemotherapy
(DUO-E trial [NCT04269200]), and anti-VEGF(R)
therapy (EndoBARR Trial [NCT03694262]'*). In addi-
tion, EndoMAP (NCT04486352) is an ongoing trial
combining biomarker-selected targeted agents with
atezolizumab for patients with recurrent or persistent
endometrial cancer.

Several mechanisms beyond checkpointactivation likely
contribute to endometrial cancer immune escape. Other
strategies aimed at tipping the balance of the cancer
immunity cycle to favor rejection include enhancing
antigen presentation (eg, therapeutic cancer vaccines,

toll-like receptor [TLR]-agonists, etc), or increasing cyto-
toxic IC infiltration (eg, ACTs). Data supporting these
approaches in endometrial cancer are extremely sparse,
however, and few trials have advanced to late stages of
development at the time of guideline writing.

Expert Panel recommendations

» For all patients with endometrial cancer, clinical trial
enrollment should be encouraged, as feasible.

» Non-FDA-approved immunotherapy combination
strategies should only be considered in the context of
a clinical trial.

EMERGING IMMUNOTHERAPY STRATEGIES FOR THE
TREATMENT OF OVARIAN CANCER

Ovarian cancer is the third most common gynecologic
cancer. It is highly aggressive in advanced stages, with the
highest mortality rate of gynecologic cancers.'® The high
mortality rate is partially attributed to a lack of effective
screening methods to detect early stage disease. More-
over, in countries with limited resources, mortality is even
higher.'”

There are a number of characteristics of ovarian cancer
that, theoretically, make the disease a prime candidate
for immunotherapy. PD-L1 expression has been reported
in ovarian cancer and high expression is correlated with
poor prognosis.131 Intratumoral T cell infiltration has
been associated with improved OS in ovarian cancer in
multiple analyses.'” '** However, clinical trials evaluating
ICI therapy in ovarian cancer have reported very low
response rates thus far. At the time of guideline publi-
cation, no immunotherapies were FDA-approved for
the treatment of ovarian cancer, although a number of
strategies are under investigation. Additionally, certain
patients with ovarian cancer may be eligible for ICI treat-
ment through tissue-agnostic indications (discussed in
the Immunotherapy biomarkers for gynecologic cancer
section) for TMB-H, MSI-H, or dMMR solid tumors.
TMB in ovarian tumors is low, however, with a median
of <5 mut/ Mb.** ¥ The expected frequency of MSI-H in
epithelial ovarian tumors is estimated at 8%-17%, with
overrepresentation in non-serous cancers."” Prospec-
tive, randomized data on the efficacy of ICI monotherapy
in ovarian cancer that is TMB-H, MSI-H, or dMMR was
lacking at the time of guideline publication.

Negative trials evaluating ICIs for the treatment of ovarian
cancer

Enthusiasm for investigating ICIs for the treatment of
recurrent ovarian cancer was high during the initial check-
point blockade renaissance. Early phase clinical trials eval-
uated pembrolizumab (KEYNOTE-028 [NCT02054806];
KEYNOTE-100 [NCT02674061]), nivolumab, atezoli-
zumab (NCTO01375842), and avelumab (JAVELIN Solid
Tumor [NCT01772004]) monotherapies, however,
all reported low response rates, with ORRs ranging
from roughly 8%-22%."" In one phase II randomized
trial (NCT02498600), the addition of ipilimumab to
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nivolumab resulted in higher responses than nivolumab
monotherapy with an ORR of 31.4% (vs 12.2%; p=0.034).
Higher response rates were seen for tumors with clear
cell histology in both treatment arms. However, a greater
magnitude of PFS benefit was seen with combination
therapy versus ICI monotherapy for the patients with
tumors with clear cell histology. Despite responses to the
combination, however, durability was lacking, with a PFS
of only 3.9months."”” No phase III trials evaluating dual
immunotherapy for ovarian cancer were registered with
ClinicalTrials.gov at the time of guideline publication.

KEYNOTE-100 found a trend towards increased effi-
cacy of pembrolizumab with increasing PD-L1 CPS, with
ORRs for patients with tumors with CPS<1, CPS=1, and
CPS>10 of 5%, 10.2% and 17%,'* respectively. However,
other trials reported no difference in response rates
across PD-L1 expression subgroups. Overall, under-
whelming responses to ICI therapy indicate a need to
target additional steps in the tumor-immunity cycle’ to
overcome the immunosuppressed microenvironment in
ovarian tumors, as well as a need for identifying predictive
biomarkers.

In other solid tumors, such as triple negative breast
cancer (TNBC)' the addition of chemotherapy to ICIs
has improved survival outcomes possibly due to enhanced
antigen release and induction of danger-associated molec-
ular patterns (DAMPs) leading to an inflamed tumor
microenvironment. Phase III trials in ovarian cancer eval-
uating chemotherapy plus ICI combinations, however,
have not demonstrated improved outcomes compared
with chemotherapy alone. The JAVELIN Ovarian 100 trial
(NCT02718417), which was terminated for futility at the
first interim analysis, compared avelumab in combina-
tion with investigator’s choice of chemotherapy followed
by avelumab maintenance, or chemotherapy followed by
avelumab maintenance,versus chemotherapyalone forthe
first-line treatment of ovarian cancer. The chemotherapy
induction followed by immunotherapy maintenance
approach has become standard of care for the treatment
of metastatic urothelial carcinoma,'* yet no benefit over
chemotherapy alone was seen in any immunotherapy-
treated arm of the study. Additionally, the phase III
IMagyn050 trial (NCT03038100) found no significant
benefit with the addition of atezolizumab to a standard of
care bevacizumab plus chemotherapy regimen in either
the ITT or PD-L1-positive populations for patients who
had undergone primary cytoreductive surgery resulting
in gross residual disease or who were planned to receive
neoadjuvant therapy followed by interval surgery."*' In
the platinum-refractory setting, JAVELIN Ovarian 200
(NCT02580058) evaluated avelumab plus pegylated
liposomal doxorubicin—a prototypical immunogenic
cell death-inducing chemotherapy' *—for patients with
disease progression after platinum-based chemotherapy
also did not meet its primary endpoints.'* Despite the
negative results, lessons were learned from these trials,
particularly in biomarker-selected subgroup analyses.
While both JAVELIN trials found no improvements

compared with the control arms in patients with PD-L1-
positive tumors treated with avelumab with or without
chemotherapy, improved OS and PFS in patients with
tumors that were positive for both PD-L1 (TCs 21% or ICs
>5%) and CD8" cells (cells within the tumor area >1%)
were demonstrated in JAVELIN Ovarian 200. Prespecified
exploratory analyses in IMagynl50 suggested a poten-
tial PFS benefit from atezolizumab in the subgroup of
260 patients with PD-L1 expression on 25% of ICs. Addi-
tional adequately powered and prospective studies will
be needed to identify subsets of patients that may benefit
from future immunotherapy-based combinations for the
treatment of ovarian cancer.

Emerging immunotherapy strategies for ovarian cancer
Several trials were underway at the time of guideline
publication investigating ICI-based combinations as well
as other immunotherapy modalities for the treatment of
ovarian cancer.

ICI-targeted therapy combinations for the treatment of ovarian
cancer

Mutations in the DNA damage repair genes BRCAI and
BRCA2 are common in patients with ovarian cancer,
with a prevalence of about 10%-15% overall and more
frequently in tumors with serous (16%-18%) and high-
grade serous (22.6%) histology.'* ' Tumors with
BRCA mutations are sensitive to PARP inhibitors, which
are currently approved in the frontline and recurrent
maintenance setting for ovarian cancer. Tumors with
BRCA mutations also have higher IC PD-L1 expression,
predicted neoantigen expression, and TILs in high-
grade serous ovarian tumors.'*® PARP inhibition may
also be immunomodulating through upregulation of IFN
signaling,'*” regulation of TGF- signaling, and modula-
tion of Tregs.'* Preclinical evidence supports enhance-
ment of stimulator of IFN genes (STING) dependent
antitumor immune response via PARP inhibition and
augmented therapeutic efficacy of checkpoint blockade
even in the absence of BRCA mutations, providing
rationale for combination approach with ICIs. The phase
I/II TOPACIO-KEYNOTE 162 trial (NCT02657889)
assessed pembrolizumab with niraparib in patients with
TNBC and recurrent ovarian cancer unselected by BRCA
mutation status. An ORR of 18% (90% CI 11% to 29%)
and a DCR of 65% (90% CI 54% to 75%) were reported
in the ovarian cancer cohort (n=60). ORRs were consis-
tent across tumor BRCA or homologous recombination
deficiency (HRD) biomarker status.”®™ An ORR of 71.9%
(95% CI 53.25% to 86.25%) with a 28-week DCR of 65.6%
(90% CI 49.6% to 79.4%) was reported in the phase I/1I
MEDIOLA trial (NCT02734004) in patients with BRCA-
mutated, platinum-sensitive, relapsed ovarian cancer
(n=32) treated with durvalumab plus olaparib."’

Triplet combinations are also being evaluated,
including ICIs with PARP inhibitors and anti-VEGF(R)
agents. The GINECO BOLD trial (NCT04015739) of
durvalumab plus bevacizumab plus olaparib reported a
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3-month DCR of 70% in patients with platinum-resistant
relapsed ovarian cancer, and a 6-month DCR of 44% in
the platinum-sensitive relapsed cohort.'”® Pembrolizumab
in combination with bevacizumab and oral metronomic
cyclophosphamide is also being evaluated in a phase II
randomized trial (NCT02853318), which reported an
ORR of 47.5% and a median PFS of 10months at an
interim analysis.'™

Investigational immunotherapy strategies for the treatment of
ovarian cancer

The presence of TILs in ovarian tumors indicates an anti-
tumor response that is suppressed. However, the lack of
benefitin the early ICI trials brings into question whether
the abundance, differentiation status, or antigen speci-
ficity of TILs in ovarian cancer is inadequate to reject the
tumor. Thus, strategies to augment the existing TILs, such
as vaccines or ACT, are being evaluated. A wide variety of
therapeutic vaccines have been tested in ovarian cancer,
including dendritic cell vaccines, peptide-based, viral
vector-based, and cancer testes antigen (CTA) targeting
vaccines, and others.®* However, efficacy has been
limited,'™ as demonstrated in a recent meta-analysis of
vaccine approaches in ovarian cancer. The pooled ORR
estimate across 12 vaccine studies was 4% (95% CI 1% to
7%) and the reported ORRs from those studies ranged
from 0%-33%, the estimated PFS was 13 months (95% CI
8.5 to 16.3) and the estimated median OS was 39 months
(95%CI 31 to 49). However, more recent strategies to
improve vaccine immunogenicity tailored to the specific
type of vaccine, along with rational combinations or
sequencing of vaccines with other therapies may increase
efficacy.

ACT studies for ovarian cancer were first initiated in
the 1990s. Since then, CAR T cells and TCR-engineered
T cells, lymphodepletion, and combination regimens
have been implemented to increase efficacy. Some of
the tumor-specific targets for CAR T cell therapies used
in ovarian cancer include MUC16, mesothelin, HER2,
and folate receptor—ot.156 157 Similar to other solid tumors,
however, CAR T cell therapies have seen limited success
in ovarian cancer.

Ongoing phase II trials are assessing measles virus-based
therapy (NCT02068794; NCT02364713), adenovirus-
based therapy (NCT03225989), and vaccinia virus-based
therapy (VIRO-15; NCT02759588) for the treatment of
ovarian cancer. Additional immunotherapy strategies
under investigation include combining cell therapies
with vaccines or oncolytic viruses, intraperitoneal delivery
of chemoimmunotherapy, bispecific antibodies that
bring ICs into close proximity to TCs, and others. Clinical
trials evaluating immunotherapy approaches in ovarian
cancer are abundant, and enrollment should be offered
to patients, when appropriate.

Expert Panel recommendations
» For all patients with ovarian cancer, clinical trial
enrollment should be offered, as feasible.

» NGS testing should be offered to all patients with
newly diagnosed ovarian cancer (LE:2).

» For patients with recurrent TMB-H and/or MSI-H/
dMMR ovarian tumors with no satisfactory alterna-
tive treatment options, treatment with ICIs should be
considered (LE:3).

» Tumor PD-L1 expression should not be used to
inform treatment decisions for ICI use in ovarian
cancer (LE:2).

EMERGING IMMUNOTHERAPY STRATEGIES FOR THE
TREATMENT OF RARE GYNECOLOGIC CANCERS

Vaginal and vulvar cancers

Vaginal and vulvar cancers are rare. Due to the diffi-
culty in conducting randomized trials in patients with
rare tumors, treatment paradigms for these cancers
have largely been extrapolated from studies in cervical
cancer, since both vaginal and vulvar cancers are also
associated with persistent HPV infection, although at
lower frequencies. Approximately 34% and 75% of vulvar
and vaginal cancer have been found to be HPV-positive,
respectively.' ™' Early stage disease is often treated with
surgery with or without adjuvant radiation, and concur-
rent chemoradiation is the current standard of care for
unresectable disease.'®" '°* Although no large-scale studies
evaluating immunotherapy specifically for the treatment
of vaginal and vulvar cancers were available at the time of
guideline publication, some patients with these malignan-
cies were included in basket trials or single-arm studies of
checkpoint blockade.

The vaginal and vulvar cancer immune microenvironment

The presence of CDS8" and CD4" TILs in vulvar tumors has
been associated with a better prognosis overall regardless
of the therapy administered.'” PD-L1 expression on TCs
is moderate (reported between 23%-33%) S04 hereas
it is much higher in infiltrating I1Cs (>90%).'" Data are
conflicting thus far on the prognostic utility of PD-L1
expression for vulvar tumors as well as on the association
between checkpoint expression and HPV viral status.'041%
Metastases involving tumor-draining lymph nodes have
been demonstrated to have an inflamed microenviron-
ment with high expression of PD-1 and CTLA-4." Data
are lacking on the immune microenvironment of vaginal
cancer specifically, however, HPV-positive vaginal cancer
likely mimics the immunophenotype of other HPV-
related cancers.'®’

Immunotherapy outcomes in vaginal and vulvar cancers

Data on the efficacy of ICIs for the treatment of vulvar
and vaginal cancer are sparse and limited to single-agent
anti-PD-1 studies. The phase I/II CheckMate 358 trial
(NCT02488759), which assessed nivolumab monotherapy
in several virus-associated cancers, reported an ORR of
20.0% (95% CI 0.5% to 71.6%) and a DCR of 80.0%
(95% CI 28.4% to 99.5%) in five patients with vaginal or
vulvar cancer, four of whom had HPV-positive tumors.'®
OS rates at 12 months and 18 months were 40.0% (95%
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CI 5.2% to 75.3%) and 20.0% (95% CI 0.8% to 58.2%),
and the 6months PFS rate was 40.0% (95% CI 5.2% to
75.3%). All of the four tumors evaluable for PD-L1 expres-
sion were PD-L1 TC>1%. Patients with vulvar cancer of
unspecified HPV status (n=101) were also included as a
cohort in the phase II KEYNOTE-158 trial, which evalu-
ated pembrolizumab monotherapy for the treatment of
multiple advanced solid tumors that progressed on stan-
dard of care therapy. The ORR in this cohort was 10.9%
(95% CI 5.6% to 18.7%) with a median DOR of 20.4
months (range 2.1+ to 28.0). Median PFS for the vulvar
cancer cohort in KEYNOTE-158 was 2.1 months (95% CI
2.0 to 2.1) and median OS was 6.2 months (95% CI 4.9
to 9.4)." A majority of patients (83.2%) had PD-LI-
positive tumors (CPS>1), however responses were seen in
both PD-L1-positive and PD-L1-negative populations. The
safety profile for ICI monotherapy for vaginal and vulvar
cancers in these small cohorts was generally consistent
with other tumor types. Published data are lacking on
the use of ICI-based combinations in vaginal and vulvar
cancers.

HPV-targeting therapeutic vaccines have also been
investigated for the treatment of vaginal and vulvar
cancers. In patients with high-grade, HPV 16-positive
vulvar intraepithelial neoplasia (n=19), vaccination
against E6 and E7 peptides resulted in a 12-month clin-
ical response rate of 79% (95% CI 54% to 94%), with
nine complete responses (CRs; 47%), and the clinical
response rate was maintained at 24 months.'” Weak CD8"
T cell reactivity was associated with clinical non-response,
providing rationale for a follow-up study that randomized
43 patients with high-grade vulvar and vaginal intraepi-
thelial neoplasia to receive the ISA101 HPV 16-targeting
vaccine with (n=22) or without the topical TLR7 agonist
imiquimod (n=21).""" Responses to the vaccine were
not improved with the addition of imiquimod, and the
12-month clinical response rate was 52% (95% CI 32.5%
to 70.6%)."” Imiquimod, which is used as a topical 5%
cream and is approved for genital and perianal wart and
superficial basal cell carcinoma,m’ has however, been
found to be effective in treating vaginal neoplasia, vulvar
neoplasia, and CIN.'™*

Other rare gynecologic cancer variants

Sparse data are available on the efficacy of ICIs for the
treatment of gynecologic melanomas, sarcomas, and
neuroendocrine tumors (NETs). Clinical trial enrollment
is encouraged for all patients with these rare malignan-
cies with an emphasis on combination immunotherapy
strategies, in order to obtain the best possible treatments
and continue to advance the field.

Gynecologic sarcomas

Overall, gynecologic sarcomas are rare, with uterine
sarcoma being the most common.'” The trials leading
to FDA approvals for ICIs in the treatment of gyneco-
logic cancers have predominantly included patients with
carcinoma histologies. Data are emerging on the use of

ICIs in metastatic sarcomas, with mixed response rates
across tumor types.176 Unlike in uterine carcinomas
where dMMR/MSI-H has been reported in up to 30%
of tumors,"? "7 AMMR prevalence in uterine sarcomas
or leiomyosarcomas is low, up to 6%.'” CD8" T cell infil-
tration and PD-L1 expression on TCs and ICs in uterine
leiomyosarcomas is also highly prevalent.'” However, in
a phase II trial investigating nivolumab monotherapy in
a cohort of 12 patients with advanced uterine leiomyosar-
coma (NCT02428192), no responses were reported.'™
The Alliance A091401 (NCT02500797) trial assessing
nivolumab with or without ipilimumab in patients with
varying sarcoma subtypes reported one response in a
patient with uterine leiomyosarcoma treated with the ICI
combination.' Taken together, the data and use of ICIs
in patients with gynecologic sarcomas is underwhelming
and limited to very small patient numbers, and there-
fore the use of ICIs should only be considered based on
immune biomarkers (ie, TMB and/or MMR/MSI).

Rare epithelial endometrial tumors

Epithelial endometrial tumors are most commonly endo-
metrioid histology. More rare epithelial histologies such
as clear cell, serous, carcinosarcoma, dedifferentiated,
undifferentiated, and others, while less prevalent, are typi-
cally high grade.'” Data are limited on efficacy of ICIs in
treating these rare subtypes. However, in KEYNOTE-775
which included patients with clear cell, serous, and mixed
histologies, subgroup analyses of PFS and OS favored the
pembrolizumab plus lenvatinib combination over chemo-
therapy across all histological subtypes.'*

Gynecologic NETs

Gynecologic NETs include heterogeneous histologies
and they can range from slow growing, well-differentiated
tumors with low mutation burden to highly proliferative,
poorly differentiated, highly mutated tumors.'™ Extrap-
olating from basket trials that enrolled patients with
various rare tumor types, NETs have low ORRs to ICI
monotherapy of <10%."™ Dual ICI therapy (nivolumab
plus ipilimumab) is being investigated in the DART
trial (NCT02834013). Results have been reported in a
cohort of patients with non-pancreatic NETS, including
three patients with cervical NETs, in which one patient
had a confirmed PR.'"

Gynecologic melanomas

Melanomas of the genitourinary tract are a rare subset
of gynecologic malignancies. While these tumors have
historically been classified as mucosal, recent molecular
data indicate they may be distinct from both mucosal and
cutaneous melanomas.'® '® Patients with vaginal and
vulvar melanoma have an overall poor prognosis185 and
data on the immune microenvironment of gynecologic
melanomas are scarce. Overall, the prevalence of PD-L1
expression is unclear, as reports have used inconsistent
staining and scoring methodologies for measurement.
However, high levels of CD8" T cell infiltration have been
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reported in vulvar melanomas, indicative of potential
responsiveness to immunotherapy and a favorable prog-
nosticator.'® In case reports, the response rates to IClIs
in gynecologic melanoma have been less remarkable
than those seen in cutaneous melanoma. In one review
including a total of 57 patients from various case reports
and series with metastatic disease, there were 6 CRs and
13 PRs with anti-PD-1 monotherapy or in combination
with anti-CTLA-4." Concurrent ICI and radiotherapy
has been shown to improve PFS, but not OS, in cuta-
neous melanoma in one meta-analysis,'™ and this strategy
may also be appropriate for some patients with gyneco-
logic melanoma. Neoadjuvant anti-CTLA-4 in combina-
tion with radiotherapy has also been reported in one
small study (n=4), where among the three patients who
underwent resection, one achieved pathologic complete
response (pCR), and all three patients had local radio-
graphic CR after surgery.'™ Recurrence was reported in
two patients at 9 months and 10months post-diagnosis,
and the remaining two were disease-free at 20 months
and 38 months. In addition, the use of combined dual
checkpoint inhibition and high-dose and low-dose radia-
tion after progression on dual ICIs alone was successful in

one case I‘CpOI‘t. 190

Gestational trophoblastic neoplasia

Gestational trophoblastic neoplasias (GTNs) are rare
malignancies derived from placental trophoblasts and
include malignant invasive mole, choriocarcinoma, and
rare placental site trophoblastic and epithelioid tropho-
blastic tumors. Depending on the risk level of the GTN as
determined by the FIGO risk score,191 standard treatments
are chemotherapy and salvage chemotherapy for recur-
rent disease.'”’ GTNs are inherently immune-privileged
through gestational immune tolerance, however, spon-
taneous tumor regression in metastatic disease has been
reported.'”® The finding that PD-L1 is ubiquitously
expressed on GTNs'” ' suggests a role for immune
checkpoints in maintenance of this immune tolerance,
providing rationale for investigating ICIs in the subset of
patients that have chemotherapy-refractory disease.

The phase II TROPHIMMUN study (NCT03135769)
evaluated avelumab monotherapy in 15patients with
single-agent chemotherapy-resistant gestational tropho-
blastic tumors. Normalization of the disease biomarker
human chorionic gonadotropin (hCG) was the primary
endpoint, with secondary outcome measures including
resistance-free survival (defined as a >20% rise between
two assays in three consecutive weekly hCG assays or
plateau with <10% decrease between two assays in four
consecutive weekly hCG assays), PFS, and OS. Avelumab
was given until serum levels of hCG normalized with an
additional three consolidation cycles thereafter. At a
median follow-up of 25 months, eight (53%) patients had
hCG normalization and had discontinued avelumab, and
no relapses were recorded after a median of 29 months
of follow-up. All TRAEs were grade 1 or 2, and only three
patients experienced an irAE (two with hyperthyroidism,

one with hypothyroidism).'” An additional cohort of
patients with unlimited previous lines of therapy was also
included in this trial, however results were not reported
at the time of guideline publication. In case reports,
pembrolizumab treatmentin patients with chemotherapy-
resistant GTNs resulted in remission in two of two'”® and
three of four'’ patients. Combination approaches have
also been evaluated. One phase II trial (NCT04047017)
that included 20 Chinese patients with GTN'* demon-
strated an ORR of 55% (95% CI 32% to 77%) with the
combination of camrelizumab (an anti-PD-1 agent) and
the VEGFR TKI apatinib. In this study, 60% of patients
experienced a grade 3 TRAE, the most common being
hypertension (25%) and rash (20%). Apatinib dose was
reduced in five patients with grade 3 hypertension and
was discontinued in one patient due to uncontrollable
hypertension.

Expert Panel recommendations

Considerations of treatment options listed below are
based on expert consensus (unless a LE is noted) as there
are very few data for these rare tumors.

» For all patients with rare gynecologic malignancies,
clinical trial enrollment should be offered, as feasible.

» For all patients with rare gynecologic malignancies,
testing for TMB-H and MSI-H by NGS (preferred)
and MMR by IHC (as an alternative) is recommended,
for potential treatment under tissue-agnostic indica-
tions for ICIs (LE:3). For patients with rare gyneco-
logic malignancies, testing for PD-L1 by IHC may be
considered (LE:4).

Vaginal and vulvar cancers

» For previously treated patients with recurrent or
metastatic vulvar or vaginal squamous cell carcinoma,
second-line treatment with pembrolizumab (for
patients with PD-L1-positive/TMB-H/MSI-H/dMMR
tumors) or nivolumab (for patients with HPV-related
tumors) should be considered (LE:3).

» For patients with unresectable/metastatic vulvar or
vaginal melanoma, treatment can follow the standard
of care treatment paradigms for cutaneous melanoma.

» For patients with locally advanced vulvar or vaginal
melanoma with high risk of recurrence, adjuvant
treatment with an anti-PD-1 ICI with or without an
anti-CTLA-4 ICI may be considered.

Other rare gynecologic cancer variants

» For patients with uterine sarcoma who have exhausted
other treatment options, biomarker-driven (ie,
dMMR, TMB-H, or MSI-H) treatment with an anti-
PD-1 ICI may be considered.

» For patients with previously treated rare epithelial
endometrial tumors, second-line treatment with
combination pembrolizumab plus lenvatinib should
be considered.
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Gestational trophoblastic neoplasia

» For patients with recurrent GTN with prior chemo-
therapy treatment, treatment with an anti-PD-(L) 1 ICI
may be considered (LE:3).

PATIENT SELECTION AND MANAGEMENT FOR GYNECOLOGIC
CANCER

Many patients with gynecologic cancer have various pre-
existing or intercurrent conditions that may require
special considerations for the administration of ICIs and
management of irAEs. In addition, optimal treatment
duration and surveillance of response in patients receiving
ICIs are open questions in the field. Overall, a multidis-
ciplinary approach in the management of patients with
pre-existing immunological comorbidities or other popu-
lations that have historically been excluded from clinical
trials is strongly recommended whenever possible.

Special patient populations

While patients with active autoimmune disorders may
have a greater risk of experiencing irAEs (either de novo
or autoimmune flares) during ICI therapy, these toxicities
are generally manageable. In studies including patients
with NSCLC and melanoma with concurrent autoim-
mune disease, rates of autoimmune flares on treatment
with ICIs ranged from 23%-38%.'"*"" A majority were
grade 1-2 and managed with corticosteroids or other
immunosuppressants, and only 4%-14% of patients
permanently discontinued the ICI therapy due to irAEs
(including de novo and flares of pre-existing autoimmune
disorders). Flares occurred more frequently in those with
active symptoms than those with clinically inactive disease
(60% vs 30%; p=0.039), and there was a trend towards
more frequent flares in those on immunosuppressants
at the start of ICI treatment compared with those who
were not.>”! The overall rate of irAEs has been higher in
patients with pre-existing autoimmune disorders, though
response rates do not appear to be inferior."” *”* The type
of autoimmune condition and whether it is active and/or
requiring ongoing immunosuppression should be consid-
ered in a careful shared decision-making with the patient
when considering ICI treatment. It is important to note
that data are lacking on the impact of pre-existing auto-
immune conditions specifically in patients with gyneco-
logic malignancies, though increasing use of ICI therapy
in these settings is expected to yield more information in
the coming years.

The risk of developing HPV-related gynecologic cancers
(including cervical, vulvar, and vaginal cancer) is higher
in solid organ transplant (SOT) recipients compared with
the general population, likely due to reactivation of viral
replication while on immunosuppressants.203 In studies of
ICI safety and efficacy in SOT recipients to date, allograft
rejection occurred in roughly 28%-45% of patients,””*
and rejection often occurred early.””” Tumor responses
were seen in patients with (40%) and without (52%) graft
rejection, though none had gynecologic cancer. Due to
the relatively high rate of graft rejection in studies to date,

consultation with the transplant service is recommended
and a very careful consideration of the relative risks and
benefits should drive the decision to use ICIs in SOT
recipients with gynecologic cancer.

Patients with HIV have higher rates of cervical cancer
compared with the general population, and it is consid-
ered an AIDS-defining cancer.”” In a systematic review
of patients with various cancers (n=73; NSCLC, mela-
noma, Kaposi sarcoma) and HIV treated with ICIs, HIV
remained controlled in 93% of patients and CD4" T cell
counts increased.””” Grade >3 irAEs occurred in 8.6% and
ORRs were 30% for NSCLC, 27% for melanoma, and 63%
for Kaposi sarcoma. Overall, ICIs appear to have similar
safety and efficacy in patients with well-controlled HIV
compared with patients without HIV, although studies
thus far have been mostly retrospective (prospective trials
are ongoing) and have not included patients with gyne-
cologic cancers. Data are limited on the use of ICIs in
patients with uncontrolled HIV, and consultation with
infectious disease specialists is encouraged.

Patients with hepatitis B virus (HBV) or hepatitis C
virus (HCV) infection are frequently excluded from
immunotherapy clinical trials due to concerns for poten-
tial viral reactivation with treatment.*** " Available
data indicate that ICIs are generally safe and effective
for patients with HBV or HCV. In a systematic review
including 198 patients with advanced cancer and HBV/
HCV infections,211 ICIs were well tolerated with no new
safety signals emerging. Any grade hepatic transaminase
elevation (HTE) occurred in 13.5% of patients with HBV
and 29.6% of patients with HCV. Although viral reacti-
vation 1is uncommon,212 liver status, viral screening, and
prophylactic antiviral therapy can be considered prior
to administering ICIs.*"* Additionally, treatment of irAEs
may require immunosuppression and increase the risk
for viral reactivation, therefore caution is warranted and
consultation with the hepatitis service is encouraged.

Patients with cancer are at increased risk for severe
complications with influenza*'* and SARS-CoV-2*'"" infec-
tions. Inactivated influenza vaccines*'® and mRNA or viral
vectored SARS-CoV-2 vaccines do not compromise the
safety or efficacy of ICIs and no increases in irAEs in vacci-
nated patients treated with ICIs has been reported.* >
The benefits associated with vaccination against viral
pathogens far outweigh the risks, and these vaccines
should be encouraged.

Baseline corticosteroid use of 210 mg prednisone equiv-
alenthasbeen associated with worse OS and PFSin patients
with NSCLC treated with ICIs compared with patients on
0 mg to <10mg prednisone equivalents.*’ ** However,
PFS and OS were significantly shorter only among patients
who received >10mg prednisone for palliative reasons,
and not for patients who received 210 mg prednisone for
non-palliative indications.”’? **' Early corticosteroid use
(within the first cycle*** or <2months of starting ICIs**®)
has also been associated with lower efficacy. While more
data are needed in gynecologic malignancies, if clinically
feasible reducing corticosteroid use to <10 mg prednisone
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equivalent and avoiding steroid use early in ICI treatment
is recommended when administering ICIs. For patients
with dermatologic conditions (pre-existing or treatment-
related), local therapy may be considered to circum-
vent systemic steroid use, if appropriate. Glucocorticoid
signaling has also been associated with chemoresistance
in ovarian cancer.”** However, the effects of glucocorti-
coid signaling on immunotherapy in gynecologic cancer
have not been determined.

The use of ICIs in the elderly is sometimes considered
to be challenging due to frailty and possible immunose-
nescence associated with advanced age. Elderly patients
treated with ICIs experience similar levels of toxicity as
younger patients, with the exception of dermatologic
toxicities, which are increased in elderly patients.** **°
One systematic review and meta-analysis found no differ-
ence in ICI efficacy in patients with NSCLC =65 years and
<65years.””” Although some analyses have found worse
outcomes with ICI therapy among patients >75years of
age,” ** others indicate that the safety and efficacy is
comparable between older and younger populations.*’ !
Studies on the impact of age on ICI therapy specifically in
patients with gynecologic cancer were lacking at the time
of guideline publication.

Limited data are available on the safety of ICIs in
patients with severe organ dysfunction, such as those with
cirrhosis, chronic kidney disease, history of idiopathic
pulmonary fibrosis, and pneumonitis. Patients with signif-
icant organ dysfunction may have limited tolerability to
irAEs, and management of irAEs may be challenging.
Analyses of patients with hepatocellular carcinoma
with Child-Pugh A and B cirrhosis have found that ICI
monotherapy is generally safe, but patients with decom-
pensated livers may be at increased risk of developing
irAEs.** Patients with chronic or end-stage kidney disease
on dialysis treated with ICIs had an irAE incidence rate of
49% in one retrospective review.””> While certain organ
dysfunctions are not absolute contraindications to the use
of ICIs, a frank risk-benefit discussion with the patient is
required and careful monitoring for irAEs is needed.

Patients with gynecologic cancer, particularly ovarian
cancer™ or cancer that has spread to the peritoneal
cavity™ may have significant ascites, which is associ-
ated with worse survival. Studies are underway assessing
the immune microenvironment of ascites, and there is
evidence to suggest anti-VEGF targeted therapy may be
an effective strategy in these patients.””® " Although
more data are needed in gynecologic cancer, increased
incidence of anti-PD-(L)1-resistance has been docu-
mented in patients with gastrointestinal cancer and
ascites.” Therefore, treatment of patients with signifi-
cant ascites may favor a more aggressive combination ICI
treatment approach, specifically with anti-VEGF targeted
agents. Indwelling pleural catheters (eg, PleurX) may be
helpful in controlling significant ascites.” Additionally,
treatment with anti-PD-(L)1 therapy may result in pseu-
doprogression manifested as ascitic fluid accumulation
due to the influx of activated T cells. Since worsening of

ascites is typically associated with disease progression, it
is important to consider the possibility of pseudoprogres-
sion in such patients undergoing therapy with ICIs.

While rare in advanced gynecologic cancers where
reproductive organs are often surgically removed, there
may be instances where the safety of ICIs during preg-
nancy will need to be considered. Overall, clinical data are
extremely limited on the use of ICIs during pregnancy.
In seven case studies of patients with melanoma treated
with ICIs during pregnancy, eight of the nine (88.9%)
neonates were born prematurely, with a mean gestational
age at delivery of 30.4weeks (range 24-38), and complica-
tions during pregnancy occurred in 71.4% of patients.**’
Patients who are pregnant may have limited treatment
options if AEs occur, as certain agents commonly used
to treat AEs, such as mycophenolate mofetil, have been
shown to cause fetal malformation.*' Due to these risks
to the mother and fetus, ICI administration during preg-
nancy is discouraged.

Response monitoring

Responses to immunotherapy are often more delayed
and more durable compared with chemotherapies and
targeted agents. Atypical radiographic responses may
occur in a small subset of patients. One atypical response
associated with ICIs is pseudoprogression: initial apparent
tumor growth on imaging followed by a response, which,
in some cases may manifest as ascites. Additionally, in
patients with metastatic disease, enlargement of lymph
nodes can occur while other sites of disease may show
a response or are stable. In cases of suspected pseudo-
progression, the decision to continue or switch therapy
depends on the patient’s clinical status and symptoms.
The vast majority of data available on pseudoprogres-
sion is in melanoma,*** *** with very little in gynecologic
cancer. Importantly, pseudoprogression has not been
described when immunotherapy is combined with a
direct-acting cytotoxic or targeted agent. Nevertheless,
clinicians should be aware of the possibility of atypical
radiographic responses and repeat scans may be consid-
ered with apparent progressive disease (PD) to rule out
pseudoprogression. Additionally, more delayed responses
compared with the expected kinetics of other treatment
modalities such as chemotherapy or targeted therapy are
common with ICIs. This should be taken into account
when lack of radiographic decrease in tumor size is noted
early on in ICI treatment.

Responses to ICI therapies in patients with gyneco-
logic cancers can be determined by radiologic evalu-
ation, typically with CT or PET/CT. RECIST v.1.1** is
the most common response criteria used in solid tumor
clinical trials, including immunotherapy clinical trials.
However, conventional RECIST does not accommodate
delayed responses and pseudoprogression. As such,
immunotherapy-specific response criteria have been
developed: immune-related response criteria (irRC),**
immune-related RECIST  (irRECIST),**®*  immune-
modified RECIST (imRECIST),*” and immune RECIST
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(iRECIST).**® Overall, uptake of these immunotherapy-
specific response criteria has been slow. Some gyneco-
logic cancer clinical trials have incorporated irRECIST
in the endpoint assessments, including KEYNOTE-146
which used irRECIST as the primary criteria for evalu-
ating response, and the GARNET trial which used both
irRECIST and RECIST v.1.1 in various cohorts. irRECIST
combines the unidimensional measurement of RECIST
v.1.1 with components of irRC, including that new lesions
may not define PD, and confirmatory assessments should
be performed at least 4 weeks after PD is suspected. It is
important to emphasize, however, that formal response
criteria are not routinely used outside of a clinical trial
setting. In routine care, it is recommended to monitor
responses via radiologic imaging every 2-3months for
the first 2years, after which a risk-stratified reduction in
imaging may be considered.

CA125 remains the only tumor marker routinely used
in ovarian cancer despite limitations in its prognostic
value.** Data pertaining to the role of CA125 in the
setting of ICIs are limited. It is conceivable that immune
infiltration could lead to a rise in CA125. A retrospective
review showed that patients achieving clinical benefit with
ICIs experienced an increase in CA125 within 12weeks of
beginning therapy. This trend also occurred in patients
with no clinical benefit from ICIs, however the magni-
tude of increase was significantly greater (195% vs 34%;
p=0.008).%"

Treatment duration

The optimal duration of ICI treatment is an unresolved
question.” In melanoma, which has the most robust
long-term data for ICIs, studies have reported that
76%-90% of patients who discontinue ICI therapy after
attaining CR or PR experienced ongoing responses for
as long as 5years and beyond.”” *** Some patients who
discontinue immunotherapy due to irAEs also experience
long-term responses.””* *

Postimmunotherapy treatment choice

Limited data are available to inform treatment selec-
tion for patients with disease that progresses on or after
immunotherapy treatment. SITC has defined primary
and secondary resistance scenarios to anti-PD-1 ICIs
based on initial clinical benefit or lack thereof.*® Some
mechanisms of resistance to anti-PD-(L.) 1 have been iden-
tified, including downregulation of antigen processing or
presentation, defects in IFN signaling, attenuated effector
functions, immune exclusion via B-catenin pathways, and
other immunosuppressive checkpoints.”” *® The under-
lying mechanisms leading to anti-PD-(L)1 resistance are
incompletely understood, however, and vary across tumor
types. In gynecologic cancer, a gene expression pattern
consistent with upregulation of TGF-f signaling has been
linked to ICI non-response,” and other mechanisms
are likely involved as well. It is important to emphasize
that there are no data to support benefit with switching
ICIs targeting the same checkpoint/ligand pair after

resistance develops. For some patients rechallenge may be
considered if disease progression occurs after discontinu-
ation. Factors to take into consideration for this decision
include the reason for discontinuation, the interval since
discontinuation, and the patient’s status and symptoms.
If discontinuation was due to a severe irAE, rechallenge
should include a careful risk-benefit discussion regarding
the chance of developing the same or another irAE.
Clinical trial enrollment in studies assessing options for
patients with anti-PD-(L) I-resistant tumors is encouraged.

Toxicity

Through some of the same mechanisms that ICIs induce
an antitumor immune response, ICIs may also cause
irAEs. Unlike chemotherapy- or targeted therapy-related
AEs that are often dose-dependent, occur quickly and
during the time of treatment, and resolve rapidly when
the agent is withdrawn, ICI-related irAEs can be delayed
in onset and persistent, arising and continuing even
months or years after exposure to ICI therapy.**

Overall, the frequency of irAEs reported in patients
with gynecologic cancer is similar to the frequency of
irAEs in other types of solid tumors. A retrospective real
world study in women with gynecologic cancer (n=129)
treated with ICIs reported the most common irAEs to
be endocrinerelated (29%), predominantly hypothy-
roidism, and gastrointestinal toxicities (38%) such as
hepatitis and colitis.?®! Additionally, women treated with
anti-CTLA-4 experienced greater rates of hypophysitis.**

Management of irAEs in patients with gynecologic
cancer who have been treated with ICIs should follow
general management principles for any solid tumor
patient treated with ICIs, which can be found in SITC’s
ICI-related AE CPG.?% Importantly, ICI-related pneu-
monitis and COVID-19-related pneumonia can be clin-
ically indistinguishable,264 and therefore testing to rule
out COVID-19 should be included in the differential
diagnosis.

Currently, two approved ICI combinations include anti-
angiogenic agents: pembrolizumab plus chemotherapy
with or without bevacizumab for cervical cancer and
pembrolizumab plus lenvatinib for endometrial cancer.
Anti-angiogenic agents can increase the risk of AEs such
as hypertension, hemorrhage, varices, and increased
alanine transaminase (ALT) and aspartate aminotrans-
ferase (AST), and therefore careful evaluation of the
patient for their ability to tolerate an anti-angiogenic
agent should be performed prior to administering those
combination immunotherapy regimens.

Expert Panel recommendations

Special patient populations

» Patients with advanced gynecologic cancer living with
controlled HIV infection should not be routinely
excluded from receiving ICI therapy either on or off
trials. The safety and efficacy of ICIs in patients with
HIV who are compliant on highly active antiretroviral
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therapy (HAART) are similar to those for the general
population (LE:1).

» For patients with advanced gynecologic cancer and
uncontrolled HIV infection, ICI therapy may still
be considered and infectious disease consultation is
recommended.

» Patients with advanced gynecologic cancer and
chronic HBV/HCV infections can still be consid-
ered for ICI therapy (LE:1). Liver function should be
checked at baseline and before every immunotherapy
cycle for these patients and consultation with a hepa-
titis service should be considered.

» For patients with a history of active autoimmune
disease requiring systemic immunosuppression
(=210mg prednisone or equivalent, or biologics), the
potential benefits of immunotherapy must be weighed
against the ability to tolerate severe AEs (LE:4).

» For patients who have significant organ dysfunc-
tion due to progressive cancer or to intrinsic non-
immune-related disease (eg, cirrhosis, chronic
kidney disease, idiopathic pulmonary fibrosis or
pneumonitis) the potential benefit of immuno-
therapy must be weighed against the potential for
severe AEs as these individuals may have limited
ability to tolerate irAEs.

» Patients with hypothyroidism, adrenal insufficiency,
or insulin-dependent diabetes mellitus can generally
be safely treated with immunotherapy in the setting
of hormone replacement therapy and monitoring per
the standard of care (LE:4).

» For patients on immunotherapy with pre-existing or
immune-related adrenal insufficiency, physiologic
replacement doses of steroids should be continued
(LE:4).

» ICIs are generally contraindicated in SOT patients
due to the high risk of allograft rejection (LE:1),
but each case should be evaluated independently in
consultation with the transplant service.

Response monitoring, management of radiologic progression, and

toxicity

» For patients with gynecologic cancer, CAl125 has
limited utility in disease monitoring in patients under-
going ICI therapy (LE:4). Decisions to continue or
change ICI therapy should be based on the overall
clinical status of the patient and radiographic imaging.

» For patients with gynecologic cancer who attain
clinical benefit with ICI therapy (ie, CR, PR or SD),
routine imaging every 2-3months for the first 2years
is recommended. Beyond 2years, reduction in the
frequency of imaging may be considered at the discre-
tion of the physician.

» For patients with gynecologic cancer receiving ICI
therapy, development of pleural effusions and/or
ascites may sometimes represent pseudoprogression
(LE:4), and this possibility should be considered in
the context of the overall clinical picture in decisions
to continue ICIs or switch therapy.

» For patients with gynecologic cancer receiving ICI
therapy, a mixed response with enlargement of lymph
nodes with stable or decreasing other sites of disease
may sometimes represent pseudoprogression (LE:4),
and this possibility should be considered in the
context of the overall clinical picture in decisions to
continue ICIs or switch therapy.

» For patients with gynecologic cancer and apparent
radiologic progression on ICI therapy, continued treat-
ment may be considered when the patient’s overall
clinical status and performance status are maintained
and the clinician believes that clinical benefit of the
therapy outweighs any treatmentrelated toxicities
(LE:1).

» For patients with gynecologic cancer who initially
had clinical benefit with ICI therapy and their disease
recurred after ICI discontinuation, rechallenge may
be considered (LE:1).

» For patients with gynecologic cancer receiving ICI
therapy, baseline symptoms for systems commonly
affected by irAEs (eg, bowel, endocrine, skin) should
be reviewed and documented to facilitate early recog-
nition and management of toxicity.

» For patients who have experienced severe irAEs due
to immunotherapy, the potential benefit of resuming
immunotherapy relative to the risk of subsequent
severe AEs must be considered.

» Patients with a history of significant irAEs due to
immunotherapy who are considered candidates for
resuming immunotherapy should be stable on a corti-
costeroid dose of no more than 10 mg prednisone or
equivalent daily.

» For patients with skin-related irAEs, optimizing local
cutaneous therapy may be considered as an alterna-
tive to systemic steroids (LE:4). For patients who do
not respond to topical steroids, systemic steroids with
rapid taper should be considered.

PATIENT EDUCATION AND QOL SUPPORT

Providing patients with education on their treatment
and resources to support their QOL is vital for all types
of cancer therapy®” and immunotherapy is no excep-
tion. There are a number of aspects of immunotherapy,
however, that are distinct from traditional cancer treat-
ments and necessitate specific considerations for patient
education as well as QOL support.

Patient education

Many patients may be unaware of the differences between
immunotherapy and traditional treatment modali-
ties such as chemotherapy and radiation. Therefore,
describing how ICIs eliminate cancer, the expected types
and timing of responses and side effects, and how side
effects from ICIs are managed (ie, corticosteroid use, ICI
withholding, ICI cessation),*® is especially important.
Patients and caregivers should also be informed that an
initial growth followed by a reduction in tumor size with
immunotherapy, while rare, can occur. Caregivers are
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also a vital component to the care team and should be
educated on what to expect when a loved one is being
treated with immunotherapy to help ease anxieties and
instill confidence in the patient’s well-being in between
clinical visits.

Take-home educational resources on immunotherapy
may also be given, including pamphlets, patient-focused
guidelines, and/or plain-language summaries of clinical
trial outcomes. Simple and easy to understand, user-
friendly media such as mobile applications or videos
(found through clinical- or patientfocused societies,
agent manufacturers, etc) may be more effective for a
wide variety of learning styles. Patients and caregivers
should also carry information regarding their immuno-
therapy treatments with them at all times so that this can
be shared with all medical personnel providing care for
the patient, even in emergent scenarios. A wallet card,
such as the Oncology Nursing Society (ONS) Immuno-
therapy Wallet Card, or having the information easily
accessible on a mobile device is recommended.

Because some irAEs can be life-threatening,*® patient
and caregiver education on early recognition of symp-
toms is vitally important and should include clear exam-
ples of symptoms of irAEs and/or TRAEs for the ICIs or
ICI combination therapies given. Patients should also be
aware that some irAEs may be delayed and/or permanent,
such as immune-related endocrinopathies,” and may
require lifelong medication, such as thyroid hormone
replacement for Hashimoto’s thyroiditis or stress-dosing
of steroids for adrenal insufficiency.*®” Call parameters for
when to contact providers should be given that include
information on who specifically to contact in the patient
care team in the event of symptoms. The xpert Panel
recommendations for the Patient education and QOL
support section include a summary of the recommended
topics to cover when educating patients and caregivers on
their immunotherapy treatment.

QOL support
Patients with gynecologic cancer may experience
emotional, mental, and physical distress as a result of
their diagnosis and treatment.”® Some of the physical and
psychosocial effects of cancer can be addressed clinically
through a multidisciplinary healthcare team. However,
specialized support and advocacy groups offer patients
resources and coping mechanisms beyond disease and
symptom management. Additionally, incorporating mind-
fulness practices into daily routines, such as mindful medi-
tation, has proven to have significant effects on reducing
depression and anxiety in patients with cancer.?® ?7°
Mindful meditation can be learned and practiced indi-
vidually, or through local or online programs. Proactive
referral to counseling, social workers, behavioral health,
palliative care, and financial counseling is imperative to
maintain QOL throughout treatment.

Cancer and its treatments affect patient QOL in
multiple overlapping ways. Patients with cancer are
burdened with uncertainty for their futures regardless of

the prognosis of their disease, leading to anxiety, depres-
sion, and anger. Patients with gynecologic cancer report
feeling nervous (40%), worry (34%), fear (25%), sadness
(21%), and loss of control (17%).%"! Importantly, 24%
of patients reported needing someone to talk to and
57% reported needing help dealing with the psychoso-
cial impacts of cancer. Overall, patients with gynecologic
cancer who seek social support have better concurrent
well-being.*® However, patients may be unaware of the
availability of support groups and resources or hesitant
to disclose challenges related to mental health. Frequent
and active inquiring and screening by physicians®’?
regarding their patients’ mental well-being is important
and an unmet need—as many as 73% of patients with
gynecologic cancer have reported that they wanted the
physician to ask if help was needed.

Inadequate control of disease- and treatmentrelated
pain can be highly detrimental to QOL. Pain manage-
ment may involve a multi-faceted palliative approach
including judicious use of opioids, non-opioid phar-
maceutical agents (eg, non-steroidal anti-inflammatory
drugs [NSAIDs], antiepileptics/anticonvulsants, selective
serotonin reuptake inhibitors [SSRIs], tricyclic antide-
pressants, cannabinoids/medical marijuana, epidural
anesthesia, etc), and non-pharmaceutical options (eg,
acupuncture, hypnosis, cognitive behavioral therapy,
neurostimulation, massage, etc).””® Early referral to palli-
ative care is important to intervene before pain becomes
intolerable.

Financial toxicity is also a major factor that negatively
impacts QOL. Immunotherapy drugs are some of the most
expensive on the market, and these agents are associated
with additional costs beyond the price of the medications
themselves, including hospital stays, travel to appoint-
ments for infusions, missing work, and others. Financial
toxicity was reported in nearly half of patients with gyne-
cologic cancer in one study that included 308 partici-
pants, with 14.9% reporting severe financial toxicity and
32.1% reporting moderate financial toxicity.?”* Financial
strain caused by cancerrelated costs is associated with
increased distress, anxiety, and a three times greater risk
for depression.”” In addition, patients with financial
strain may not have the ability to fill prescriptions, travel
to necessary appointments, or buy food,””* ® which may
affect their prognosis. Actively assessing a patient’s ability
to pay for cancerrelated costs and referral to financial
assistance through the hospital or advocacy groups may
reduce this burden.

Gynecologic cancer-specific QOL considerations

Many patients receiving ICIs may have undergone prior
surgical treatments which, depending on the extent, can
be quite morbid for patients with gynecologic cancer.
Patients may be coping with direct and indirect effects
on sexual function, fertility, urinary and bowel function,
physical changes and malformation, psychological and
behavioral changes, menopausal symptoms, and other
challenges.277 Management of physical and psychosocial
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symptoms and referral to specialists, when appropriate,
should continue while on ICIs. Some common irAEs may
amplify the physical symptoms. For example, endocrine-
related irAEs may further complicate hormonal dysfunc-
tion, and hormonal replacement therapy may be needed.
In addition, patients experiencing a decrease in estrogen
and androgens due to prior surgery (specifically, oopho-
rectomy) are at an increased risk for urinary tract infec-
tions,277 which are also a common AE associated with
ICIs.*” Finally, although most patients with advanced
gynecologic cancer will have undergone previous
surgeries to remove the affected organs, for patients who
are still able to bear children, use of contraception and
referral to an oncofertility specialist is encouraged.

Assessment of QOL and outcomes from landmark trials

QOL, health-related QOL (HRQOL), and/or patient-
reported outcomes (PROs) are often formally assessed
in clinical trials as secondary and exploratory endpoints.
ICIs have generallz demonstrated favorable tolerability in
terms of HRQOL?” and prolongation of the time to symp-
tomatic deterioration compared with chemotherapy.”"*!
However, many of the formal assessment tools used in
clinical trials were developed for cytotoxic or targeted
therapy, and thus may not capture common irAEs.*" 252
Although the formal assessment tools and questionnaires
used in clinical trials are not practical for general clin-
ical use, clinicians should frequently assess patients for
treatmentrelated symptoms, in addition to physical and
psychological functioning and well-being.

In gynecologic cancer, dostarlimab monotherapy
in patients with MSI-H endometrial cancer in the
GARNET trial® was associated with improvements in
pain, insomnia, and social and emotional functioning
compared with baseline (assessed by the European Orga-
nization for Research and Treatment of Cancer (EORTC):
Quality of Life Questionnaire-Core 30 [QLQ-C30] for
global health status [GHS]/QOL). Additionally, appe-
tite, nausea, vomiting, constipation, diarrhea, physical
and role functioning, QOL, and GHS were maintained
over the trial duration. In KEYNOTE-826, patients with
cervical cancer treated with pembrolizumab had numer-
ically improved QOL (assessed by QLQ-C30) compared
with the placebo group, although the difference was not
statistically significant.”* Pembrolizumab plus lenvatinib
was associated with no significant difference in HRQOL
between the pembrolizumab plus lenvatinib and physi-
cian’s choice chemotherapy groups in KEYNOTE-775.%

Disparities in gynecologic cancer care

Disparities in access to care account for some of the
global inequality in disease-specific survival for patients
with gynecologic cancer. Global inequities in access to
screening and preventative measures such as HPVvaccines
result in sustained high mortality rates for several gyneco-
logic cancers in countries with low healthcare resources,
in contrast to the decreased incidence and mortality seen
in higher-resource countries. In addition, due to the high

cost, the WHO does not deem immunotherapy agents as
essential medicines,286 and therefore access to ICIs for
patients with gynecologic cancer in low-resource coun-
tries is further limited.

Racial, ethnic, and geographic disparities for patients
with gynecologic cancer also persist in high-resource
countries including the US. Socioeconomic status as well
as geographic location contribute to inequitable access to
care among all patients with gynecologic cancer.”” These
effect modifiers, however, cannot be interpreted without
an awareness of systemic racism in the healthcare system
and persistent marginalization of women of color, partic-
ularly Black women, in the US. Black women have signifi-
cantly lower 5-year survival rates for ovarian, endometrial,
and cervical cancer compared with white women.?*’
Many studies have demonstrated that Black patients with
gynecologic cancer are less likely to receive care in line
with evidence-based guidelines.”* " Patients who are
Black, on Medicaid, or have lower income are less likely
to receive immunotherapy,”' although data are lacking
for gynecologic cancers specifically. Further amplifying
these disparities, potential genetic, environmental, or
physiological factors that may underpin some of the vari-
ance in disease outcomes or response to treatment are
poorly understood because of inadequate representation
of Black women in clinical trials.****

Transgender patients are another population that
experiences inequities in cancer care.”* Data are lacking
on the overall incidence and screening for gyneco-
logic cancer in transgender men, which will depend on
surgical and hormonal status.*” However, transgender
men have reported avoiding routine yearly gynecologic
care (31.1%) due to fear of culturally incompetent
care,296 which may lead to gynecologic cancer diagnoses
at a later stage. Education on culturally sensitive and
guideline-directed medical care of transgender patients
is lacking outside of specialized treatment centers—
surveys have found that 80% of gynecologists did not
receive training on care for transgender patients in resi-
dency,297 and only 29% felt comfortable caring for trans-
masculine patients.298 Clinicians should proactively seek
out training and resources on providing culturally and
clinically competent care of patients with non-traditional
genders, such as those offered by Health Professionals
Advancing LGBTQ Equality (previously known as the Gay
and Lesbian Medical Association [GLMA]) or the Univer-
sity of California San Francisco Center of Excellence for
Transgender Health.

Continued efforts to extend equal access to cancer
care for historically marginalized populations are of
upmost importance. In addition, clinical research and
clinical trials should prioritize enrolling diverse patient
populations.

Expert Panel recommendations
» For all patients with gynecologic cancer, clinical trial
enrolment should be offered, as feasible. Clinical
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trials should be offered to all patients, including
under-represented patient populations.

» For all patients with gynecologic cancer, a thorough
review of symptoms should be performed and docu-
mented at initiation of treatment to help identify early
irAEs.

Patient education

» For patients with gynecologic cancer receiving immu-
notherapy, prior to initiation and throughout treat-
ment patient/family/caregiver education should
highlight:

- Theunique mechanismofaction ofimmunotherapy.

- The unique side effects of immunotherapy, fo-
cusing on the early recognition of irAEs and the
potential for these irAEs to become permanent or
even appear after treatment has been completed.

- That some of the more common toxicities have
vague symptoms and therefore any change from
baseline health should be reported.

- That extreme fatigue, respiratory symptoms, rash,
and increases in bowel movements can be early
signs of irAEs and should prompt speedy notifica-
tion of the treatment team.

- That irAEs have unique management strategies
that can include treatment with steroids and inter-
ruption of immunotherapy doses.

- That combination regimens have the potential to
cause additional serious AEs beyond those associat-
ed with ICIs (ie, hypertension with lenvatinib).

- That measurable response to treatment can be
delayed with immunotherapy compared with tra-
ditional cytotoxic treatments, and the evaluation
criteria and timing for evaluation may be different.

- The importance of alerting all treating providers,
emergency department personnel, and first re-
sponders that the patient is on an immunothera-
py with a diverse and unique range of side effects.
This can be facilitated by encouraging the patient
to carry information specific to their treatment and
care team, such as the immunotherapy ONS wallet
card, or having the information easily accessible on
their phone.

QOL support

» For all patients with gynecologic cancer, holistic
approaches to support QOL should be considered.
This can include pharmacological management,
mindfulness training programs, support groups,
individualized therapy, and referral to specialists. A
diverse offering increases the likelihood of meeting
each patient’s unique needs.

» All patients with gynecologic cancer and, when
possible, care providers should be managed by a multi-
disciplinary healthcare team to facilitate optimal QOL.
This may include physicians, nurse practitioners/
physician assistants, patient advocates, nurse navi-
gators, oncology social workers, physical therapists,

palliative care providers, financial counselors, and
complementary and integrative medicine providers
such as acupuncturists or massage therapists.

CONCLUSION

ICIs, now approved as monotherapy or in combination
with other agents for patients with cervical cancer, endo-
metrial cancer, and in tissue-agnostic indications, are
transforming the treatment landscape for these tumors
and resulting in more frequent and durable responses
compared with the previous standards of care. Despite
these leaps forward, immunotherapy options are still
lacking for many patients with other types of gyneco-
logic cancer. Emblematic of this challenge is ovarian
cancer, which has the highest mortality rate among gyne-
cologic cancers.'”™ Additional immunotherapy strate-
gies beyond ICIs are needed, in addition to validated
biomarkers for efficient patient selection. Finally, efforts
to raise awareness of and alleviate the substantial dispar-
ities in access to treatment for patients with gynecologic
cancer—including geographic, racial, gender identity,
and others—are essential to provide adequate care for all
patients.” *** Immunotherapy is a dynamic and rapidly
changing field that has the potential to improve outcomes
for even more patients with gynecologic cancer as more
data and approvals emerge. This CPG will be updated
periodically as the field continues to evolve and updates
will be available in SITC’s CPG Mobile App.

Author affiliations

'Cancer Vaccine Institute, University of Washington, Seattle, Washington, USA
%Department of Obstetrics and Gynecology, Division of Gynecologic Oncology, The
University of New Mexico Comprehensive Cancer Center, Albuquerque, New Mexico,
USA

Medical Oncology, Tata Memorial Centre, Mumbai, Maharashtra, India

“*Homi Bhabha National Institute, Mumbai, Maharashtra, India

SDepartment of Medical Oncology and Hematology, Princess Margaret Hospital
Cancer Centre, Toronto, Ontario, Canada

®Dartmouth-Hitchcock's Norris Cotton Cancer Center, Dartmouth Medical School,
Hanover, New Hampshire, USA

"A Cottage for Counseling, Paim City, Florida, USA

8rogram in Women's Oncology, Women and Infants Hospital of Rhode Island,
Providence, Rhode Island, USA

°Department of Medicine, UPMC Hillman Cancer Center, Pittsburgh, Pennsylvania,
USA

'%Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, New
York, USA

"'Department of Medicine, Weill Cornell Medical College, New York, New York, USA
"2pelotonia Institute for Immuno-Oncology, Division of Medical Oncology, The Ohio
State University, Columbus, Ohio, USA

*Department of Obstetrics, Gynecology & Women'’s Health, Division of Gynecologic
Oncology, University of Minnesota, Minneapolis, Minnesota, USA

"Gynecologic Oncology and Reproductive Medicine, The University of Texas MD
Anderson Cancer Center, Houston, Texas, USA

"SDepartment of Medical Oncology & Hematology, Northwell Health Cancer Institute,
Lake Success, New York, USA

"SUniversity of Chicago Medicine Comprehensive Cancer Center, University of
Chicago, Chicago, lllinois, USA

17University of Washington School of Medicine, Seattle, Washington, USA
"®Department of Obstetrics, Gynecology & Reproductive Sciences, University of
Pittsburgh Medical Center, Pittsburgh, Pennsylvania, USA

"*Department of Pathology, University of Virginia Health System, Charlottesville,
Virginia, USA

Disis ML, et al. J Immunother Cancer 2023;11:6006624. doi:10.1136/jitc-2022-006624

27



2pepartment of Gynecologic Oncology, Roswell Park Cancer Institute, Buffalo, New
York, USA

21The University of Chicago Medicine Comprehensive Cancer Center, Chicago,
lllinois, USA

Correction notice This article has been corrected since it was first published
online. The author Haider Mahdi's name was incorrectly spelt as Hader Mahdi.

Twitter Mary L Disis @DrNDisis, Leisha A Emens @EmensLeisha, Claire F
Friedman @ClaireFriedma19, Margaret Gatti-Mays @DrGattiMays, Amir Jazaeri @
AmirJazaeri, Veena S John @cvs225, Katherine C Kurnit @katiekurnit, Anne Mills @
AnneMillsMD, Emese Zsiros @ZsirosEmese and Kunle Odunsi @KunleOdunsiMD

Acknowledgements The authors thank the SITC staff for their contributions
including Emily Gronseth, PhD and Sam Million-Weaver, PhD for medical writing
and Angela Kilbert and Nichole Larson for project management and assistance. The
authors also thank SITC for supporting the manuscript development.

Contributors All authors served on the SITC Gynecologic Cancer Immunotherapy
Guideline Expert Panel, drafted content, and provided critical review during the
manuscript development. MLD and KO provided leadership as Chairs of the Expert
Panel and provided guidance on the manuscript structure and content and thus are
first and last authors; all other authors are listed alphabetically by last name. SAD
was a patient representative. All authors have read and approved the final version
of this manuscript.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests SFA — Contracted Research: Astra Zeneca. JB — Contracted
Research: (institutional financial interests for conducted research) Eli Lilly, Novartis,
Roche, Samsung Bioepis co. Ltd, Sun Pharma, Paxman Coolers. MOB — Consulting
Fees: Bristol-Myers Squibb, EMD Serono, GSK, Immunocore, Immunovaccine, Merck
& Co., Novartis, Sanofi-Genzyme, Turnstone Biologics, Sun Pharma; Contracted
Research: Merck, Takara Bio. TJC — Consulting Fees: Agenus, Xencor; Ownership
Interest less than 5%: Agenus, Xencor. MLD — Fees for non-CE services: PER;
Contracted Research: Pfizer, EMD Serono, Bavarian Nordisk, Precigen, Epithany,
Veanna; Other: Editor-in-Chief, JAMA Oncology; Other Details: Compensation by
JAMA. LD — Consulting: Pfizer. LAE — Consulting Fees: Genentech, F Hoffman La
Roche, Chugai, GPCR, Gilead, Immune Onc, Immutep, Shionogi, Mersana; Consulting
(no fees): Immutep; Contracted Research: Abbvie, Astrazeneca, Bolt Therapeutics,
Bristol Myers Squibb, Compugen, Corvus, CytomX, EMD Serono, Genentech, F
Hoffman La Roche, Immune Onc, Maxcyte, Merck, Next Cure, Silverback, Takeda,
Tempest; Other: HeritX Incorporated, NSABP Foundation, Translational Breast
Cancer Research Consortium, Breast Cancer Research Foundation, National Cancer
Institute, Department of Defense, Johns Hopkins University, University of California
San Francisco, Cornell University, Dana Farber Cancer Institute, Stand Up to Cancer
(these are grants from non-industry entities). CFF — Consulting Fees: Bristol-Myers
Squibb, Arch Oncology, Seagen, Aptitude Health, OncLive, Aadi Biosciences/

GOG Partners; Contracted Research: Genentech/Roche, Astra Zeneca, Bristol
Meyers Squibb, Merck, Daiichi; Other: Merck, Genentech; Other Details: Scientific
Advisory Board member (compensation waived). MEG — Consulting Fees: SeaGen
(Tucatinib). MAG — Researcher: Fate Therapeutics, HCW Biologics; Consultant
Advisor Speaker: Merck; NPI: 1265466809. AAJ — Consulting Fees: Nuprobe,
Avenge Bio, BMS, Agenus, Instil Bio, GLG, Guidepoint, Macrogenics, Immune-Onc,
Alkermes, EMD-Serono, Neo TILs, Genentech-Roche; Contracted Research: lovance,
AstraZeneca, BMS, Merck, Eli Lilly, Xencor, Immatics, Pfizer; Ownership Interest
less than 5%: Avenge Bio. JBL — Contracted Research: Merck, Sanofi, AstraZeneca,
Laekna, Sumitomo Dainippon Pharma Oncology, Harpoon Therapeutics, Precigen,
Forty Seven. HM — Contracted Research: Puma Biotechnology. KO — Salary: The
University of Chicago; IP Rights: PCT/US2014025673 “compositions and methods
for use of recombinant T cell receptors for direct recognition of tumor antigen, PCT/
US2014025456“ enhancement of vaccines; Consulting Fees: GOG Foundation/
Celsion, GSK, Dailchi-Sanyo; Contracted Research: Astra Zeneca research funding
(grant), Tessaro Pharma research funding (grant). EZ — NPI: 1598921181. SAD, KCK,
AM, VSJ — Nothing to disclose. SITC Staff — EG, AK, NL, SMW — Nothing to disclose.

Patient consent for publication Not applicable.
Ethics approval Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is

properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Mary L Disis http://orcid.org/0000-0001-7653-4648

Jyoti Bajpai http://orcid.org/0000-0001-7657-3460

Tyler Curiel http://orcid.org/0000-0001-6962-9411

Leisha A Emens http://orcid.org/0000-0002-7694-0731
Claire F Friedman http://orcid.org/0000-0003-2621-8553
Margaret Gatti-Mays http://orcid.org/0000-0001-8914-2897
Melissa A Geller http://orcid.org/0000-0003-4591-620X
Amir Jazaeri http://orcid.org/0000-0003-4335-4151
Veena S John http://orcid.org/0000-0002-2688-5447
Katherine C Kurnit http://orcid.org/0000-0003-3205-0128
John B Liao http://orcid.org/0000-0002-3018-7879
Emese Zsiros http://orcid.org/0000-0003-0142-7375
Kunle Odunsi http://orcid.org/0000-0002-4444-7651

REFERENCES

1 Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin 2021;71:209-49.

2 Smalley Rumfield C, Roller N, Pellom ST, et al. Therapeutic
vaccines for HPV-associated malignancies. Immunotargets Ther
2020;9:167-200.

3 Chen DS, Mellman I. Oncology meets immunology: the cancer-
immunity cycle. Immunity 2013;39:1-10.

4 Mills AM, Bullock TN, Ring KL. Targeting immune checkpoints in
gynecologic cancer: updates & perspectives for pathologists. Mod
Pathol 2022;35:142-51.

5 Chung HC, Ros W, Delord J-P, et al. Efficacy and safety of
pembrolizumab in previously treated advanced cervical cancer:
results from the phase Il KEYNOTE-158 study. J Clin Oncol
2019;37:1470-8.

6 Makker V, Taylor MH, Aghajanian C, et al. Lenvatinib plus
pembrolizumab in patients with advanced endometrial cancer. J
Clin Oncol 2020;38:2981-92.

7 Oaknin A, Tinker AV, Gilbert L, et al. Clinical activity and safety of
the anti-programmed death 1 monoclonal antibody Dostarlimab
for patients with recurrent or advanced mismatch repair—deficient
endometrial cancer. JAMA Oncol 2020;6:1766-72.

8 Pe¢ina-Slaus N, Kafka A, Salamon |, et al. Mismatch repair pathway,
genome stability and cancer. Front Mol Biosci 2020;7:122.

9 Meyer LA, Broaddus RR, Lu KH. Endometrial cancer and Lynch
syndrome: clinical and pathologic considerations. Cancer Control
2009;16:14-22.

10 Ryan NAJ, Glaire MA, Blake D, et al. The proportion of endometrial
cancers associated with Lynch syndrome: a systematic review of
the literature and meta-analysis. Genet Med 2019;21:2167-80.

11 Roudko V, Bozkus CC, Orfanelli T, et al. Shared immunogenic poly-
epitope frameshift mutations in microsatellite unstable tumors. Cell
2020;183:1634-49.

12 Le DT, Durham JN, Smith KN, et al. Mismatch repair deficiency
predicts response of solid tumors to PD-1 blockade. Science
2017;357:409-13.

13 Food and Drug Administration (FDA) MSDC. Pembrolizumab
(KEYTRUDA) prescribing information. n.d. Available: https://www.
accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.
process&AppINo=125514

14 Marcus L, Lemery SJ, Keegan P, et al. Fda approval summary:
pembrolizumab for the treatment of microsatellite instability-high
solid tumors. Clin Cancer Res 2019;25:3753-8.

15 Food and Drug Administration (FDA) GL. Dostarlimab (JEMPERLI)
prescribing information, n.d.. Available: https://www.accessdata.
fda.gov/scripts/cder/daf/index.cfm?event=overview.process&
AppINo=761223

16 Aiyer KTS, Doeleman T, Ryan NA, et al. Validity of a two-antibody
testing algorithm for mismatch repair deficiency testing in cancer;
a systematic literature review and meta-analysis. Mod Pathol
2022;35:1775-83.

17 Baudrin LG, Deleuze J-F, How-Kit A. Molecular and computational
methods for the detection of microsatellite instability in cancer.
Front Oncol 2018;8:621.

18 Shimozaki K, Hayashi H, Tanishima S, et al. Concordance analysis
of microsatellite instability status between polymerase chain
reaction based testing and next generation sequencing for solid
tumors. Sci Rep 2021;11.

28

Disis ML, et al. J Immunother Cancer 2023;11:6006624. doi:10.1136/jitc-2022-006624


https://twitter.com/DrNDisis
https://twitter.com/EmensLeisha
https://twitter.com/ClaireFriedma19
https://twitter.com/DrGattiMays
https://twitter.com/AmirJazaeri
https://twitter.com/AmirJazaeri
https://twitter.com/cvs225
https://twitter.com/katiekurnit
https://twitter.com/AnneMillsMD
https://twitter.com/AnneMillsMD
https://twitter.com/ZsirosEmese
https://twitter.com/KunleOdunsiMD
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-7653-4648
http://orcid.org/0000-0001-7657-3460
http://orcid.org/0000-0001-6962-9411
http://orcid.org/0000-0002-7694-0731
http://orcid.org/0000-0003-2621-8553
http://orcid.org/0000-0001-8914-2897
http://orcid.org/0000-0003-4591-620X
http://orcid.org/0000-0003-4335-4151
http://orcid.org/0000-0002-2688-5447
http://orcid.org/0000-0003-3205-0128
http://orcid.org/0000-0002-3018-7879
http://orcid.org/0000-0003-0142-7375
http://orcid.org/0000-0002-4444-7651
http://dx.doi.org/10.3322/caac.21660
http://dx.doi.org/10.2147/ITT.S273327
http://dx.doi.org/10.1016/j.immuni.2013.07.012
http://dx.doi.org/10.1038/s41379-021-00882-y
http://dx.doi.org/10.1038/s41379-021-00882-y
http://dx.doi.org/10.1200/JCO.18.01265
http://dx.doi.org/10.1200/JCO.19.02627
http://dx.doi.org/10.1200/JCO.19.02627
http://dx.doi.org/10.1001/jamaoncol.2020.4515
http://dx.doi.org/10.3389/fmolb.2020.00122
http://dx.doi.org/10.1177/107327480901600103
http://dx.doi.org/10.1038/s41436-019-0536-8
http://dx.doi.org/10.1016/j.cell.2020.11.004
http://dx.doi.org/10.1126/science.aan6733
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=125514
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=125514
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=125514
http://dx.doi.org/10.1158/1078-0432.CCR-18-4070
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=761223
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=761223
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=761223
http://dx.doi.org/10.1038/s41379-022-01149-w
http://dx.doi.org/10.3389/fonc.2018.00621
http://dx.doi.org/10.1038/s41598-021-99364-z

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

de Leeuw WJ, Dierssen J, Vasen HF, et al. Prediction of a
mismatch repair gene defect by microsatellite instability and
immunohistochemical analysis in endometrial tumours from HNPCC
patients. J Pathol 2000;192:328-35.

Wu X, Snir O, Rottmann D, et al. Minimal microsatellite shift in
microsatellite instability high endometrial cancer: a significant pitfall
in diagnostic interpretation. Mod Pathol 2019;32:650-8.

Bartley AN, Mills AM, Konnick E, et al. Mismatch repair and
microsatellite instability testing for immune checkpoint inhibitor
therapy. Arch Pathol Lab Med 2022;146:1194-210.

Stelloo E, Jansen AML, Osse EM, et al. Practical guidance for
mismatch repair-deficiency testing in endometrial cancer. Ann
Oncol 2017;28:96-102.

Prince EA, Sanzari JK, Pandya D, et al. Analytical concordance of
PD-L1 assays utilizing antibodies from FDA-approved diagnostics in
advanced cancers: a systematic literature review. JCO Precis Oncol
2021;5:953-73.

Krigsfeld GS, Prince EA, Pratt J, et al. Analysis of real-world PD-L1
IHC 28-8 and 22C3 pharmdx assay utilisation, turnaround times
and analytical concordance across multiple tumour types. J Clin
Pathol 2020;73:656-64.

Fujimoto D, Yamashita D, Fukuoka J, et al. Comparison of PD-L1
assays in non-small cell lung cancer: 22C3 pharmdx and SP263.
Anticancer Res 2018;38:6891-5.

Jug R, Giovacchini CX, Liu B, et al. EBUS-fna cytologic-histologic
correlation of PD-L1 immunohistochemistry in non-small cell lung
cancer. J Am Soc Cytopathol 2020;9:485-93.

Pontarollo G, Confavreux CB, Pialat J-B, et al. Bone decalcification
to assess programmed cell death ligand 1 expression in bone
metastases of non-small cell lung cancers. J Bone Oncol
2020;21:100275.

Yi M, Qin S, Zhao W, et al. The role of neoantigen in immune
checkpoint blockade therapy. Exp Hematol Oncol 2018;7:28:28.:.
McGranahan N, Furness AJS, Rosenthal R, et al. Clonal
neoantigens elicit T cell immunoreactivity and sensitivity to immune
checkpoint blockade. Science 2016;351:1463-9.

Marabelle A, Fakih M, Lopez J, et al. Association of tumour
mutational burden with outcomes in patients with advanced solid
tumours treated with pembrolizumab: prospective biomarker
analysis of the multicohort, open-label, phase 2 KEYNOTE-158
study. Lancet Oncol 2020;21:1353-65.

Friedman CF, Hainsworth JD, Kurzrock R, et al. Atezolizumab
treatment of tumors with high tumor mutational burden from
mypathway, a multicenter, open-label, phase IIA multiple basket
study. Cancer Discov 2022;12:654-69.

McGrail DJ, Pilié PG, Rashid NU, et al. High tumor mutation burden
fails to predict immune checkpoint blockade response across all
cancer types. Ann Oncol 2021;32:661-72.

Meléndez B, Van Campenhout C, Rorive S, et al. Methods of
measurement for tumor mutational burden in tumor tissue. Trans/
Lung Cancer Res 2018;7:661-7.

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

Greaves M, Maley CC. Clonal evolution in cancer. Nature
2012;481:306-13.

Gibson WJ, Hoivik EA, Halle MK, et al. The genomic landscape
and evolution of endometrial carcinoma progression and
abdominopelvic metastasis. Nat Genet 2016;48:848-55.

He W-Z, Hu W-M, Wang F, et al. Comparison of mismatch

repair status between primary and matched metastatic sites

in patients with colorectal cancer. J Natl Compr Canc Netw
2019;17:1174-83.

Heeren AM, Punt S, Bleeker MC, et al. Prognostic effect of different
PD-L1 expression patterns in squamous cell carcinoma and
adenocarcinoma of the cervix. Mod Pathol 2016;29:753-63.
Doroshow DB, Bhalla S, Beasley MB, et al. Pd-L1 as a biomarker
of response to immune-checkpoint inhibitors. Nat Rev Clin Oncol
2021;18:345-62.

Georgiadis A, Durham JN, Keefer LA, et al. Noninvasive detection
of microsatellite instability and high tumor mutation burden in
cancer patients treated with PD-1 blockade. Clin Cancer Res
2019;25:7024-34.

Akahane T, Kitazono |, Yanazume S, et al. Next-Generation
sequencing analysis of endometrial screening liquid-based cytology
specimens: a comparative study to tissue specimens. BMC Med
Genomics 2020;13:101.

Goldberg SB, Narayan A, Kole AJ, et al. Early assessment of lung
cancer immunotherapy response via circulating tumor DNA. Clin
Cancer Res 2018;24:1872-80.

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

Anagnostou V, Forde PM, White JR, et al. Dynamics of tumor and
immune responses during immune checkpoint blockade in non-
small cell lung cancer. Cancer Res 2019;79:1214-25.

Gastman B, Agarwal PK, Berger A, et al. Defining best practices for
tissue procurement in immuno-oncology clinical trials: consensus
statement from the Society for immunotherapy of cancer surgery
Committee. J Immunother Cancer 2020;8:e¢001583.

Giuntoli RL, Webb TJ, Zoso A, et al. Ovarian cancer-associated
ascites demonstrates altered immune environment: implications for
antitumor immunity. Anticancer Res 2009;29:2875-84.

Imai Y, Hasegawa K, Matsushita H, et al. Expression of multiple
immune checkpoint molecules on T cells in malignant ascites from
epithelial ovarian carcinoma. Oncol Lett 2018;15:6457-68.
Ledn-Castillo A, de Boer SM, Powell ME, et al. Molecular
classification of the PORTEC-3 trial for high-risk endometrial
cancer: impact on prognosis and benefit from adjuvant therapy. J
Clin Oncol 2020;38:3388-97.

Garmezy B, Gheeya J, Lin HY, et al. Clinical and molecular
characterization of pole mutations as predictive biomarkers of
response to immune checkpoint inhibitors in advanced cancers.
JCO Precis Oncol 2022;6:€2100267.

Wang F, Zhao Q, Wang Y-N, et al. Evaluation of pole and POLD1
mutations as biomarkers for immunotherapy outcomes across
multiple cancer types. JAMA Oncol 2019;5:1504-6.

Cancer Genome Atlas Research N, Kandoth C, Schultz N. Erratum:
integrated genomic characterization of endometrial carcinoma.
Nature 2013;500:242.

Siegel RL, Miller KD, Fuchs HE, et al. Cancer statistics, 2022. CA
Cancer J Clin 2022;72:7-33. 10.3322/caac.21708 Available: https://
onlinelibrary.wiley.com/toc/15424863/72/1

Walboomers JM, Jacobs MV, Manos MM, et al. Human
papillomavirus is a necessary cause of invasive cervical cancer
worldwide. J Pathol 1999;189:12-9.

Food and Drug Administration (FDA) MSDC. Human Papillomavirus
9-valent Vaccine,Recombinant (GARDASIL 9) prescribing
information. Available: https://www.fda.gov/vaccines-blood-
biologics/vaccines/gardasil-9

Okunade KS. Human papillomavirus and cervical cancer. J Obstet
Gynaecol 2020;40:602-8.

Drolet M, Bénard E, Pérez N, et al. Population-Level impact and
herd effects following the introduction of human papillomavirus
vaccination programmes: updated systematic review and meta-
analysis. Lancet 2019;394:497-509.

Lei J, Ploner A, Elfstrom KM, et al. Hpv vaccination and the risk of
invasive cervical cancer. N Engl J Med 2020;383:1340-8.

van Poelgeest MIE, Welters MJP, van Esch EMG, et al. Hpv16
synthetic long peptide (HPV16-slp) vaccination therapy of patients
with advanced or recurrent HPV16-induced gynecological
carcinoma, a phase |l trial. J Trans/ Med 2013;11:88.

Kang WD, Choi HS, Kim SM. Is vaccination with quadrivalent

HPV vaccine after loop electrosurgical excision procedure

effective in preventing recurrence in patients with high-grade
cervical intraepithelial neoplasia (CIN2-3)? Gynecologic Oncology
2013;130:264-8. 10.1016/j.ygyno.2013.04.050

Petrillo M, Dessole M, Tinacci E, et al. Efficacy of HPV vaccination
in women receiving LEEP for cervical dysplasia: a single institution’s
experience. Vaccines 2020;8:45. 10.3390/vaccines8010045
Ghelardi A, Marrai R, Bogani G, et al. Surgical treatment of vulvar
HSIL: adjuvant HPV vaccine reduces recurrent disease. Vaccines
2021;9:83. 10.3390/vaccines9020083

Liu C, Lu J, Tian H, et al. Increased expression of PD-L1 by the
human papillomavirus 16 E7 oncoprotein inhibits anticancer
immunity. Mol Med Rep 2017;15:1063-70. 10.3892/mmr.2017.6102
Olawaiye AB, Baker TP, Washington MK, et al. The new (version

9) American joint Committee on cancer tumor, node, metastasis
staging for cervical cancer. CA Cancer J Clin 2021;71:287-98.
Bhatla N, Aoki D, Sharma DN, et al. Cancer of the cervix uteri. Int J
Gynecol Obstet 2018;143:22-36. 10.1002/ijgo.12611

Pecorelli S. Revised FIGO staging for carcinoma of the vulva, cervix,
and endometrium. International Journal of Gynecology & Obstetrics
2009;105:103-4. 10.1016/}.ijgo.2009.02.012

Xie L, Chu R, Wang K, et al. Prognostic assessment of cervical
cancer patients by clinical staging and surgical-pathological

factor: a support vector machine-based approach. Front Oncol
2020;10:1353. 10.3389/fonc.2020.01353

Enwere EK, Kornaga EN, Dean M, et al. Expression of PD-L1 and
presence of CD8-positive T cells in pre-treatment specimens of
locally advanced cervical cancer. Mod Pathol 2017;30:577-86.
Reddy OL, Shintaku PI, Moatamed NA. Programmed death-ligand 1
(PD-L1) is expressed in a significant number of the uterine cervical
carcinomas. Diagn Pathol 2017;12:45.

Disis ML, et al. J Immunother Cancer 2023;11:6006624. doi:10.1136/jitc-2022-006624

29


http://dx.doi.org/10.1002/1096-9896(2000)9999:9999<::AID-PATH701>3.0.CO;2-2
http://dx.doi.org/10.1038/s41379-018-0179-3
http://dx.doi.org/10.5858/arpa.2021-0632-CP
http://dx.doi.org/10.1093/annonc/mdw542
http://dx.doi.org/10.1093/annonc/mdw542
http://dx.doi.org/10.1200/PO.20.00412
http://dx.doi.org/10.1136/jclinpath-2020-206466
http://dx.doi.org/10.1136/jclinpath-2020-206466
http://dx.doi.org/10.21873/anticanres.13065
http://dx.doi.org/10.1016/j.jasc.2020.04.003
http://dx.doi.org/10.1016/j.jbo.2020.100275
http://dx.doi.org/10.1186/s40164-018-0120-y
http://dx.doi.org/10.1126/science.aaf1490
http://dx.doi.org/10.1016/S1470-2045(20)30445-9
http://dx.doi.org/10.1158/2159-8290.CD-21-0450
http://dx.doi.org/10.1016/j.annonc.2021.02.006
http://dx.doi.org/10.21037/tlcr.2018.08.02
http://dx.doi.org/10.21037/tlcr.2018.08.02
http://dx.doi.org/10.1186/s13073-017-0424-2
http://dx.doi.org/10.1038/nature10762
http://dx.doi.org/10.1038/ng.3602
http://dx.doi.org/10.6004/jnccn.2019.7308
http://dx.doi.org/10.1038/modpathol.2016.64
http://dx.doi.org/10.1038/s41571-021-00473-5
http://dx.doi.org/10.1158/1078-0432.CCR-19-1372
http://dx.doi.org/10.1186/s12920-020-00753-6
http://dx.doi.org/10.1186/s12920-020-00753-6
http://dx.doi.org/10.1158/1078-0432.CCR-17-1341
http://dx.doi.org/10.1158/1078-0432.CCR-17-1341
http://dx.doi.org/10.1158/0008-5472.CAN-18-1127
http://dx.doi.org/10.1136/jitc-2020-001583
http://dx.doi.org/19661290
http://dx.doi.org/10.3892/ol.2018.8101
http://dx.doi.org/10.1200/JCO.20.00549
http://dx.doi.org/10.1200/JCO.20.00549
http://dx.doi.org/10.1200/PO.21.00267
http://dx.doi.org/10.1001/jamaoncol.2019.2963
http://dx.doi.org/10.1038/nature12325
http://dx.doi.org/10.3322/caac.21708
http://dx.doi.org/10.3322/caac.21708
https://onlinelibrary.wiley.com/toc/15424863/72/1
https://onlinelibrary.wiley.com/toc/15424863/72/1
http://dx.doi.org/10.1002/(SICI)1096-9896(199909)189:1<12::AID-PATH431>3.0.CO;2-F
https://www.fda.gov/vaccines-blood-biologics/vaccines/gardasil-9
https://www.fda.gov/vaccines-blood-biologics/vaccines/gardasil-9
http://dx.doi.org/10.1080/01443615.2019.1634030
http://dx.doi.org/10.1080/01443615.2019.1634030
http://dx.doi.org/10.1016/S0140-6736(19)30298-3
http://dx.doi.org/10.1056/NEJMoa1917338
http://dx.doi.org/10.1186/1479-5876-11-88
http://dx.doi.org/10.1016/j.ygyno.2013.04.050
http://dx.doi.org/10.3390/vaccines8010045
http://dx.doi.org/10.3390/vaccines9020083
http://dx.doi.org/10.3892/mmr.2017.6102
http://dx.doi.org/10.3322/caac.21663
http://dx.doi.org/10.1002/ijgo.12611
http://dx.doi.org/10.1002/ijgo.12611
http://dx.doi.org/10.1016/j.ijgo.2009.02.012
http://dx.doi.org/10.3389/fonc.2020.01353
http://dx.doi.org/10.1038/modpathol.2016.221
http://dx.doi.org/10.1186/s13000-017-0631-6

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

Mezache L, Paniccia B, Nyinawabera A, et al. Enhanced expression
of PD L1 in cervical intraepithelial neoplasia and cervical cancers.
Mod Pathol 2015;28:1594-602.

Colombo N, Dubot C, Lorusso D, et al. Pembrolizumab for
persistent, recurrent, or metastatic cervical cancer. N Engl J Med
2021;385:1856-67.

Li F, Li C, Cai X, et al. The association between CD8+ tumor-
infiltrating lymphocytes and the clinical outcome of cancer
immunotherapy: a systematic review and meta-analysis.
EClinicalMedicine 2021;41:101134.

Nedergaard BS, Ladekarl M, Thomsen HF, et al. Low density

of CD3+, CD4+ and CD8+ cells is associated with increased

risk of relapse in squamous cell cervical cancer. Br J Cancer
2007;97:1135-8. 10.1038/sj.bjc.6604001

Piersma SJ, Jordanova ES, van Poelgeest MIE, et al. High number
of intraepithelial CD8+ tumor-infiltrating lymphocytes is associated
with the absence of lymph node metastases in patients with large
early-stage cervical cancer. Cancer Res 2007;67:354-61.

de Vos van Steenwijk PJ, Ramwadhdoebe TH, Goedemans R, et al.
Tumor-Infiltrating CD14-positive myeloid cells and CD8-positive
T-cells prolong survival in patients with cervical carcinoma. Int J
Cancer 2013;133:n 10.1002/ijc.28309

Fan P, Li X, Feng Y, et al. Pd-1 expression status on CD8+ tumour
infiltrating lymphocytes associates with survival in cervical cancer.
Front Oncol 2021;11:678758. 10.3389/fonc.2021.678758
Alexandrov LB, Nik-Zainal S, Wedge DC, et al. Signatures of
mutational processes in human cancer. Nature 2013;500:415-21.
Lawrence MS, Stojanov P, Polak P, et al. Mutational heterogeneity
in cancer and the search for new cancer-associated genes. Nature
2013;499:214-8.

Yarchoan M, Albacker LA, Hopkins AC, et al. Pd-L1 expression
and tumor mutational burden are independent biomarkers in most
cancers. JCI Insight 2019;4:€126908.

Bonneville R, Krook MA, Kautto EA, et al. Landscape of
microsatellite instability across 39 cancer types. JCO Precis Oncol
2017;2017:P0O.17.00073.

Wong YF, Cheung TH, Poon KY, et al. The role of microsatellite
instability in cervical intraepithelial neoplasia and squamous cell
carcinoma of the cervix. Gynecol Oncol 2003;89:434-9.

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

Tewari KS, Monk BJ, Vergote |, et al. Survival with cemiplimab in
recurrent cervical cancer. N Engl J Med 2022;386:544-55.
Marabelle A, Le DT, Ascierto PA, et al. Efficacy of pembrolizumab in
patients with noncolorectal high microsatellite instability/mismatch
repair-deficient cancer: results from the phase || KEYNOTE-158
study. JCO 2020;38:1-10. 10.1200/JC0O.19.02105

O'Malley DM, Neffa M, Monk BJ, et al. Dual PD-1 and CTLA-4
checkpoint blockade using balstilimab and zalifrelimab combination
as second-line treatment for advanced cervical cancer: an open-
label phase Il study. JCO 2022;40:762-71.

Naumann RW, Oaknin A, Meyer T, et al. Efficacy and safety of
nivolumab (nivo) + ipilimumab (IPI) in patients (PTS) with recurrent/
metastatic (r/m) cervical cancer: results from checkmate 358.
Annals of Oncology 2019;30:v898-9. 10.1093/annonc/mdz394.059
Levovitz C, Chen D, Ivansson E, et al. Tgfp receptor 1: an immune
susceptibility gene in HPV-associated cancer. Cancer Res
2014;74:6833-44.

Strauss J, Braiteh FS, Calvo E, et al. Evaluation of bintrafusp

alfa, a bifunctional fusion protein targeting TGF-$ and PD-L1, in
cervical cancer: data from phase 1 and phase 2 studies. JCO
2021;39(15_suppl):5509.

Liu 'Y, Dong Y, Kong L, et al. Abscopal effect of radiotherapy
combined with immune checkpoint inhibitors. J Hematol Oncol
2018;11:104.

Monk B, Toita T, Wu X, et al. Durvalumab, in combination with and
following chemoradiotherapy, in locally advanced cervical cancer:
results from the phase 3 international, randomized, double-blind,
placebo-controlled CALLA trial. 2022. Available: https://igcs2022.
com/wp-content/uploads/sites/177/2022/09/1GCS22-E-Book-Oral-
Asbtract-Presentations.pdf

Basu P, Mehta A, Jain M, et al. A randomized phase 2 study of
adxs11-001 Listeria monocytogenes-listeriolysin O immunotherapy
with or without cisplatin in treatment of advanced cervical cancer.
Int J Gynecol Cancer 2018;28:764-72.

Massarelli E, William W, Johnson F, et al. Combining immune
checkpoint blockade and tumor-specific vaccine for patients with
incurable human papillomavirus 16-related cancer: a phase 2
clinical trial. JAMA Oncol 2019;5:67-73.

Youn JW, Hur S-Y, Woo JW, et al. Pembrolizumab plus gx-188e
therapeutic DNA vaccine in patients with hpv-16-positive or hpv-

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

18-positive advanced cervical cancer: interim results of a single-
arm, phase 2 trial. Lancet Oncol 2020;21:1653-60.

Choi CH, Kim B-G, Lee J-W, et al. Phase IIA study of BVAC-C

in HPV type 16 or 18 positive recurrent cervical carcinoma. JCO
2021;39(15_suppl):5512.

Tang Y, Zhang AXJ, Chen G, et al. Prognostic and therapeutic tils of
cervical cancer-current advances and future perspectives. Mol Ther
Oncolytics 2021;22:410-30.

Jazaeri AA, Zsiros E, Amaria RN, et al. Safety and efficacy

of adoptive cell transfer using autologous tumor infiltrating
lymphocytes (LN-145) for treatment of recurrent, metastatic, or
persistent cervical carcinoma. JCO 2019;37(15_suppl):2538.
Morice P, Leary A, Creutzberg C, et al. Endometrial cancer. Lancet
2016;387:1094-108.

Sheikh MA, Althouse AD, Freese KE, et al. Usa endometrial cancer
projections to 2030: should we be concerned? Future Oncol
2014;10:2561-8.

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J
Clin 2020;70:7-30.

Lajer H, Elnegaard S, Christensen RD, et al. Survival after stage

la endometrial cancer; can follow-up be altered? A prospective
nationwide Danish survey. Acta Obstet Gynecol Scand
2012;91:976-82.

Lewin SN, Herzog TJ, Medel NIB, et al. Comparative performance
of the 2009 International Federation of gynecology and obstetrics’
staging system for uterine corpus cancer. Obstetrics & Gynecology
2010;116:1141-9.

Markman M. Hormonal therapy of endometrial cancer. Eur J Cancer
2005;41:673-5.

Lincoln S, Blessing JA, Lee RB, et al. Activity of paclitaxel

as second-line chemotherapy in endometrial carcinoma:

a gynecologic Oncology Group study. Gynecol Oncol
2003;88:277-81.

van Weelden WJ, Massuger L, et al, ENITEC. Anti-Estrogen
treatment in endometrial cancer: a systematic review. Front Oncol
2019;9:359:359.:.

Greggi S, Mangili G, Scaffa C, et al. Uterine papillary serous,

clear cell, and poorly differentiated endometrioid carcinomas: a
comparative study. Int J Gynecol Cancer 2011;21:661-7.

Koskas M, Amant F, Mirza MR, et al. Cancer of the

corpus uteri: 2021 update. Int J Gynaecol Obstet

2021;155 Suppl 1(Suppl 1):45-60.

Talhouk A, McConechy MK, Leung S, et al. A clinically applicable
molecular-based classification for endometrial cancers. Br J Cancer
2015;113:299-310.

Talhouk A, McConechy MK, Leung S, et al. Confirmation of promise:
a simple, genomics-based clinical classifier for endometrial cancer.
Cancer 2017;123:802-13.

Mo Z, Liu J, Zhang Q, et al. Expression of PD-1, PD-L1 and PD-L2
is associated with differentiation status and histological type of
endometrial cancer. Oncol Lett 2016;12:944-50.

Li Z, Joehlin-Price AS, Rhoades J, et al. Programmed death ligand
1 expression among 700 consecutive endometrial cancers: strong
association with mismatch repair protein deficiency. Int J Gynecol
Cancer 2018;28:59-68.

Tawadros AlF, Khalafalla MMM. Expression of programmed death-
ligand 1 and hypoxia-inducible factor-1c. proteins in endometrial
carcinoma. J Cancer Res Ther 2018;14(Supplement):S1063-9.
Pasanen A, Ahvenainen T, Pellinen T, et al. Pd-L1 expression

in endometrial carcinoma cells and intratumoral immune cells:
differences across histologic and tcga-based molecular subgroups.
Am J Surg Pathol 2020;44:174-81.

Sungu N, Yildirim M, Desdicioglu R, et al. Expression of
immunomodulatory molecules PD-1, PD-L1, and PD-L2, and their
relationship with clinicopathologic characteristics in endometrial
cancer. Int J Gynecol Pathol 2019;38:404-13.

Ott PA, Bang Y-J, Berton-Rigaud D, 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.

Hasegawa K, Tamura K, Katsumata N, et al. Efficacy and safety

of nivolumab (nivo) in patients (PTS) with advanced or recurrent
uterine cervical or corpus cancers. JCO 2018;36(15_suppl):5594.
Howitt BE, Shukla SA, Sholl LM, et al. Association of polymerase
e-mutated and microsatellite-instable endometrial cancers with
neoantigen load, number of tumor-infiltrating lymphocytes, and
expression of PD-1 and PD-L1. JAMA Oncol 2015;1:1319-23.
Dong D, Lei H, Liu D, et al. Pole and mismatch repair status,
checkpoint proteins and tumor-infiltrating lymphocytes in
combination, and tumor differentiation: identify endometrial cancers
for immunotherapy. Front Oncol 2021;11:640018.

30

Disis ML, et al. J Immunother Cancer 2023;11:6006624. doi:10.1136/jitc-2022-006624


http://dx.doi.org/10.1038/modpathol.2015.108
http://dx.doi.org/10.1056/NEJMoa2112435
http://dx.doi.org/10.1016/j.eclinm.2021.101134
http://dx.doi.org/10.1038/sj.bjc.6604001
http://dx.doi.org/10.1158/0008-5472.CAN-06-3388
http://dx.doi.org/10.1002/ijc.28309
http://dx.doi.org/10.1002/ijc.28309
http://dx.doi.org/10.3389/fonc.2021.678758
http://dx.doi.org/10.1038/nature12477
http://dx.doi.org/10.1038/nature12213
http://dx.doi.org/10.1172/jci.insight.126908
http://dx.doi.org/10.1200/PO.17.00073
http://dx.doi.org/10.1016/s0090-8258(03)00134-3
http://dx.doi.org/10.1038/sj.bjc.6690635
http://dx.doi.org/10.1056/NEJMoa2112187
http://dx.doi.org/10.1200/JCO.19.02105
http://dx.doi.org/10.1200/JCO.21.02067
http://dx.doi.org/10.1093/annonc/mdz394.059
http://dx.doi.org/10.1158/0008-5472.CAN-14-0602-T
http://dx.doi.org/10.1200/JCO.2021.39.15_suppl.5509
http://dx.doi.org/10.1186/s13045-018-0647-8
https://igcs2022.com/wp-content/uploads/sites/177/2022/09/IGCS22-E-Book-Oral-Asbtract-Presentations.pdf
https://igcs2022.com/wp-content/uploads/sites/177/2022/09/IGCS22-E-Book-Oral-Asbtract-Presentations.pdf
https://igcs2022.com/wp-content/uploads/sites/177/2022/09/IGCS22-E-Book-Oral-Asbtract-Presentations.pdf
http://dx.doi.org/10.1097/IGC.0000000000001235
http://dx.doi.org/10.1001/jamaoncol.2018.4051
http://dx.doi.org/10.1016/S1470-2045(20)30486-1
http://dx.doi.org/10.1200/JCO.2021.39.15_suppl.5512
http://dx.doi.org/10.1016/j.omto.2021.07.006
http://dx.doi.org/10.1016/j.omto.2021.07.006
http://dx.doi.org/10.1200/JCO.2019.37.15_suppl.2538
http://dx.doi.org/10.1016/S0140-6736(15)00130-0
http://dx.doi.org/10.2217/fon.14.192
http://dx.doi.org/10.3322/caac.21590
http://dx.doi.org/10.3322/caac.21590
http://dx.doi.org/10.1111/j.1600-0412.2012.01438.x
http://dx.doi.org/10.1097/AOG.0b013e3181f39849
http://dx.doi.org/10.1016/j.ejca.2004.12.008
http://dx.doi.org/10.1016/s0090-8258(02)00068-9
http://dx.doi.org/10.3389/fonc.2019.00359
http://dx.doi.org/10.1097/IGC.0b013e3182150c89
http://dx.doi.org/10.1002/ijgo.13866
http://dx.doi.org/10.1038/bjc.2015.190
http://dx.doi.org/10.1002/cncr.30496
http://dx.doi.org/10.3892/ol.2016.4744
http://dx.doi.org/10.1097/IGC.0000000000001120
http://dx.doi.org/10.1097/IGC.0000000000001120
http://dx.doi.org/10.4103/0973-1482.202891
http://dx.doi.org/10.1097/PAS.0000000000001395
http://dx.doi.org/10.1097/PGP.0000000000000543
http://dx.doi.org/10.1200/JCO.2017.72.5952
http://dx.doi.org/10.1200/JCO.2018.36.15_suppl.5594
http://dx.doi.org/10.1001/jamaoncol.2015.2151
http://dx.doi.org/10.3389/fonc.2021.640018

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

Crumley S, Kurnit K, Hudgens C, et al. Identification of a subset of
microsatellite-stable endometrial carcinoma with high PD-L1 and
CD8+ lymphocytes. Mod Pathol 2019;32:396-404.

Zhang J, Kelkar SS, Prabhu VS, et al. Abstract 6276: real-world
prevalence of MSI/MMR testing for patients with recurrent

or advanced endometrial cancer in Europe. Cancer Res
2022;82(12_Supplement):6276.

van Gool IC, Eggink FA, Freeman-Mills L, et al. Pole proofreading
mutations elicit an antitumor immune response in endometrial
cancer. Clin Cancer Res 2015;21:3347-55.

Oaknin A, Gilbert L, Tinker AV, et al. Safety and antitumor activity of
dostarlimab in patients with advanced or recurrent DNA mismatch
repair deficient/microsatellite instability-high (dmmr/MSI-H) or
proficient/stable (mmrp/MSS) endometrial cancer: interim results
from GARNET-a phase |, single-arm study. J Immunother Cancer
2022;10:e003777.

Makker V, Taylor MH, Aghajanian C, et al. 796P association
between biomarkers and clinical outcomes of lenvatinib (L) +
pembrolizumab (P) in advanced endometrial cancer (EC): results
from KEYNOTE-146/study 111. Annals of Oncology 2021;32:S760.
Mirza MR, Chase DM, Slomovitz BM, et al. Dostarlimab for primary
advanced or recurrent endometrial cancer. N Engl J Med 2023.
Eskander RN, Sill MW, Beffa L, et al. Pembrolizumab plus
chemotherapy in advanced endometrial cancer. N Engl J Med 27,
2023.

Makker V, Colombo N, Casado Herraez A, et al. Updated efficacy
and safety of lenvatinib (LEN) + pembrolizumab (pembro) vs
treatment of physician’s choice (TPC). Ann Oncol 2022;33:5S235-82.
Lupo G, Caporarello N, Olivieri M, et al. Anti-angiogenic therapy in
cancer: downsides and new pivots for precision medicine. Front
Pharmacol 2016;7:519.

Makker V, Colombo N, Casado Herraez A, et al. Lenvatinib plus
pembrolizumab for advanced endometrial cancer. N Engl J Med
2022;386:437-48.

Tinker AV, Pothuri B, Gilbert L, et al. 548P progression-free
survival (pfs) and overall survival (OS) in advanced/recurrent (AR)
mismatch repair deficient/microsatellite instability-high or proficient/
stable (AMMR/MSI-H or MMRp/MSS) endometrial cancer (EC)
treated with dostarlimab in the garnet study. Annals of Oncology
2022;33:5798-9.

O'Malley D, Bariani GM, Cassier PA, et al. 546P pembrolizumab for
microsatellite instability-high (MSI-H) or mismatch repair deficient
(dMMR) advanced endometrial cancer: long-term follow-up results
from KEYNOTE-158. Annals of Oncology 2022;33:S796-7.

Bradley WH, Hayes MP, Taylor N, et al. An open label,
nonrandomized, multisite phase Il trial combining bevacizumab,
atezolizumab, and rucaparib for the treatment of previously
treated recurrent and progressive endometrial cancer. JCO
2022;40(16_suppl):5510.

Momenimovahed Z, Tiznobaik A, Taheri S, et al. Ovarian cancer

in the world: epidemiology and risk factors. Int J Womens Health
2019;11:287-99.

Chornokur G, Amankwah EK, Schildkraut JM, et al. Global ovarian
cancer health disparities. Gynecol Oncol 2013;129:258-64.
Hamanishi J, Mandai M, lwasaki M, et al. Programmed cell death 1
ligand 1 and tumor-infiltrating CD8 * T lymphocytes are prognostic
factors of human ovarian cancer. Proc Natl Acad Sci U S A
2007;104:3360-5.

Zhang L, Conejo-Garcia JR, Katsaros D, et al. Intratumoral T cells,
recurrence, and survival in epithelial ovarian cancer. N Engl J Med
2003;348:203-13.

Hwang W-T, Adams SF, Tahirovic E, et al. Prognostic significance of
tumor-infiltrating T cells in ovarian cancer: a meta-analysis. Gynecol
Oncol 2012;124:192-8.

Morse CB, Elvin JA, Gay LM, et al. Elevated tumor mutational
burden and prolonged clinical response to anti-PD-L1 antibody in
platinum-resistant recurrent ovarian cancer. Gynecol Oncol Rep
2017;21:78-80.

Pal T, Permuth-Wey J, Kumar A, et al. Systematic review and
meta-analysis of ovarian cancers: estimation of microsatellite-high
frequency and characterization of mismatch repair deficient tumor
histology. Clin Cancer Res 2008;14:6847-54.

Lynam S, Lugade AA, Odunsi K. Immunotherapy for gynecologic
cancer: current applications and future directions. Clin Obstet
Gynecol 2020;63:48-63.

Zamarin D, Burger RA, Sill MW, et al. Randomized phase Il trial

of nivolumab versus nivolumab and ipilimumab for recurrent

or persistent ovarian cancer: an NRG oncology study. JCO
2020;38:1814-23.

Matulonis UA, Shapira-Frommer R, Santin AD, et al. Antitumor
activity and safety of pembrolizumab in patients with advanced

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

recurrent ovarian cancer: results from the phase [l KEYNOTE-100
study. Ann Oncol 2019;30:1080-7.

Emens LA, Adams S, Cimino-Mathews A, et al. Society for
immunotherapy of cancer (SITC) clinical practice guideline on
immunotherapy for the treatment of breast cancer. J Immunother
Cancer 2021;9:e002597.

Galsky MD, Balar AV, Black PC, et al. Society for immunotherapy
of cancer (SITC) clinical practice guideline on immunotherapy

for the treatment of urothelial cancer. J Immunother Cancer
2021;9:e002552.

Moore KN, Bookman M, Sehouli J, et al. Atezolizumab,
bevacizumab, and chemotherapy for newly diagnosed stage Ill or
IV ovarian cancer: placebo-controlled randomized phase lll trial
(imagyn050/GOG 3015/engot-ov39). J Clin Oncol 2021;39:1842-55.
Galluzzi L, Vitale |, Warren S, et al. Consensus guidelines for the
definition, detection and interpretation of immunogenic cell death. J
Immunother Cancer 2020;8:e000337.

Pujade-Lauraine E, Fujiwara K, Ledermann JA, et al. Avelumab
alone or in combination with chemotherapy versus chemotherapy
alone in platinum-resistant or platinum-refractory ovarian cancer
(javelin ovarian 200): an open-label, three-arm, randomised, phase 3
study. Lancet Oncol 2021;22:1034-46.

Zhang S, Royer R, Li S, et al. Frequencies of BRCA1 and BRCA2
mutations among 1,342 unselected patients with invasive ovarian
cancer. Gynecologic Oncology 2011;121:353-7.

Alsop K, Fereday S, Meldrum C, et al. Brca mutation frequency and
patterns of treatment response in BRCA mutation-positive women
with ovarian cancer: a report from the Australian ovarian cancer
Study Group. J Clin Oncol 2012;30:2654-63.

Strickland KC, Howitt BE, Shukla SA, et al. Association and
prognostic significance of BRCA1/2-mutation status with
neoantigen load, number of tumor-infiltrating lymphocytes and
expression of PD-1/PD-L1 in high grade serous ovarian cancer.
Oncotarget 2016;7:13587-98.

Peyraud F, Italiano A. Combined PARP inhibition and immune
checkpoint therapy in solid tumors. Cancers (Basel) 2020;12:1502.
Luo X, Nie J, Wang S, et al. Poly (ADP-ribosyl) ation of

FOXP3 protein mediated by PARP-1 protein regulates the

function of regulatory T cells. Journal of Biological Chemistry
2015;290:28675-82. 10.1074/jbc.M115.661611

Shen J, Zhao W, Ju Z, et al. PARPI triggers the STING-dependent
immune response and enhances the therapeutic efficacy of immune
checkpoint blockade independent of BRCAness. Cancer Res
2019;79:311-9.

Konstantinopoulos PA, Waggoner S, Vidal GA, et al. Single-Arm
phases 1 and 2 trial of niraparib in combination with pembrolizumab
in patients with recurrent platinum-resistant ovarian carcinoma.
JAMA Oncol 2019;5:1141.

Drew Y, Kaufman B, Banerjee S, et al. Phase |l study of olaparib
+ durvalumab (MEDIOLA): updated results in germline BRCA-
mutated platinum-sensitive relapsed (PSR) ovarian cancer

(OC). Annals of Oncology 2019;30:v485-6. 10.1093/annonc/
mdz253.016

Freyer G, Floquet A, Tredan O, et al. 733P bevacizumab (bev),
olaparib (ola) and durvalumab (durva) in patients with recurrent
advanced ovarian cancer (AOC): the GINECO BOLD study. Annals
of Oncology 2021;32:5734-5. 10.1016/j.annonc.2021.08.1176
Zsiros E, Lynam S, Attwood KM, et al. Efficacy and safety of
pembrolizumab in combination with bevacizumab and oral
metronomic cyclophosphamide in the treatment of recurrent ovarian
cancer. JAMA Oncol 2021;7:78-85.

Chow S, Berek JS, Dorigo O. Development of therapeutic vaccines
for ovarian cancer. Vaccines 2020;8:657.

Dafni U, Martin-Lluesma S, Balint K, et al. Efficacy of cancer
vaccines in selected gynaecological breast and ovarian cancers:

A 20-year systematic review and meta-analysis. Eur J Cancer
2021;142:63-82.

Yan W, Hu H, Tang B. Advances of chimeric antigen receptor T cell
therapy in ovarian cancer. Onco Targets Ther 2019;12:8015-22.
Hong DS, SciMentum SL, Tanyi J, et al. 9590 gavocabtagene
autoleucel (gavo-cel, TC-210) dose escalation in refractory
mesothelin-expressing solid tumors. Annals of Oncology
2021;32:5830.

Sinno AK, Saraiya M, Thompson TD, et al. Human papillomavirus
genotype prevalence in invasive vaginal cancer from a registry-
based population. Obstet Gynecol 2014;123:817-21.

Halec G, Alemany L, Quiros B, et al. Biological relevance of human
papillomaviruses in vulvar cancer. Mod Pathol 2017;30:549-62.
Zhang J, Zhang Y, Zhang Z. Prevalence of human papillomavirus
and its prognostic value in vulvar cancer: a systematic review and
meta-analysis. PLoS One 2018;13:e0204162.

Disis ML, et al. J Immunother Cancer 2023;11:6006624. doi:10.1136/jitc-2022-006624

31


http://dx.doi.org/10.1038/s41379-018-0148-x
http://dx.doi.org/10.1158/1538-7445.AM2022-6276
http://dx.doi.org/10.1158/1078-0432.CCR-15-0057
http://dx.doi.org/10.1136/jitc-2021-003777
http://dx.doi.org/10.1016/j.annonc.2021.08.1238
http://dx.doi.org/10.1056/NEJMoa2216334
http://dx.doi.org/10.1056/NEJMoa2302312
http://dx.doi.org/10.1016/j.annonc.2022.07.653
http://dx.doi.org/10.3389/fphar.2016.00519
http://dx.doi.org/10.3389/fphar.2016.00519
http://dx.doi.org/10.1056/NEJMoa2108330
http://dx.doi.org/10.1016/j.annonc.2022.07.676
http://dx.doi.org/10.1016/j.annonc.2022.07.674
http://dx.doi.org/10.1200/JCO.2022.40.16_suppl.5510
http://dx.doi.org/10.2147/IJWH.S197604
http://dx.doi.org/10.1016/j.ygyno.2012.12.016
http://dx.doi.org/10.1073/pnas.0611533104
http://dx.doi.org/10.1056/NEJMoa020177
http://dx.doi.org/10.1016/j.ygyno.2011.09.039
http://dx.doi.org/10.1016/j.ygyno.2011.09.039
http://dx.doi.org/10.1016/j.gore.2017.06.013
http://dx.doi.org/10.1158/1078-0432.CCR-08-1387
http://dx.doi.org/10.1097/GRF.0000000000000513
http://dx.doi.org/10.1097/GRF.0000000000000513
http://dx.doi.org/10.1200/JCO.19.02059
http://dx.doi.org/10.1093/annonc/mdz135
http://dx.doi.org/10.1136/jitc-2021-002597
http://dx.doi.org/10.1136/jitc-2021-002597
http://dx.doi.org/10.1136/jitc-2021-002552
http://dx.doi.org/10.1200/JCO.21.00306
http://dx.doi.org/10.1136/jitc-2019-000337
http://dx.doi.org/10.1136/jitc-2019-000337
http://dx.doi.org/10.1016/S1470-2045(21)00216-3
http://dx.doi.org/10.1016/j.ygyno.2011.01.020
http://dx.doi.org/10.1200/JCO.2011.39.8545
http://dx.doi.org/10.18632/oncotarget.7277
http://dx.doi.org/10.3390/cancers12061502
http://dx.doi.org/10.1074/jbc.M115.661611
http://dx.doi.org/10.1158/0008-5472.CAN-18-1003
http://dx.doi.org/10.1001/jamaoncol.2019.1048
http://dx.doi.org/10.1093/annonc/mdz253.016
http://dx.doi.org/10.1016/j.annonc.2021.08.1176
http://dx.doi.org/10.1016/j.annonc.2021.08.1176
http://dx.doi.org/10.1001/jamaoncol.2020.5945
http://dx.doi.org/10.3390/vaccines8040657
http://dx.doi.org/10.1016/j.ejca.2020.10.014
http://dx.doi.org/10.2147/OTT.S203550
http://dx.doi.org/10.1016/j.annonc.2021.08.1344
http://dx.doi.org/10.1097/AOG.0000000000000171
http://dx.doi.org/10.1038/modpathol.2016.197
http://dx.doi.org/10.1371/journal.pone.0204162

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

Dalrymple JL, Russell AH, Lee SW, et al. Chemoradiation for
primary invasive squamous carcinoma of the vagina. Int J Gynecol
Cancer 2004;14:110-7.

Berek JS, Heaps JM, Fu YS, et al. Concurrent cisplatin and
5-fluorouracil chemotherapy and radiation therapy for advanced-
stage squamous carcinoma of the vulva. Gynecol Oncol
1991;42:197-201.

Kortekaas KE, Santegoets SJ, Tas L, et al. Primary vulvar squamous
cell carcinomas with high T cell infiltration and active immune
signaling are potential candidates for neoadjuvant PD-1/PD-L1
immunotherapy. J Immunother Cancer 2021;9:e003671:10.:.
Hecking T, Thiesler T, Schiller C, et al. Tumoral PD-L1 expression
defines a subgroup of poor-prognosis vulvar carcinomas with non-
viral etiology. Oncotarget 2017;8:92890-903.

Thangarajah F, Morgenstern B, Pahmeyer C, et al. Clinical impact of
PD-L1 and PD-1 expression in squamous cell cancer of the vulva. J
Cancer Res Clin Oncol 2019;145:1651-60.

Heeren AM, Rotman J, Samuels S, et al. Immune landscape in
vulvar cancer-draining lymph nodes indicates distinct immune
escape mechanisms in support of metastatic spread and growth. J
Immunother Cancer 2021;9:e003623.

Shamseddine AA, Burman B, Lee NY, et al. Tumor immunity

and immunotherapy for HPV-related cancers. Cancer Discov
2021;11:1896-912.

Naumann RW, Hollebecque A, Meyer T, et al. Safety and efficacy of
nivolumab monotherapy in recurrent or metastatic cervical, vaginal,
or vulvar carcinoma: results from the phase I/ll CheckMate 358 trial.
J Clin Oncol 2019;37:2825-34.

Shapira-Frommer R, Mileshkin L, Manzyuk L, et al. Efficacy and
safety of pembrolizumab for patients with previously treated
advanced vulvar squamous cell carcinoma: results from the phase 2
KEYNOTE-158 study. Gynecol Oncol 2022;166:211-8.

Kenter GG, Welters MJP, Valentijn ARPM, et al. Vaccination against
HPV-16 oncoproteins for vulvar intraepithelial neoplasia. N Engl J
Med Overseas Ed 2009;361:1838-47.

Hemmi H, Kaisho T, Takeuchi O, et al. Small anti-viral compounds
activate immune cells via the TLR7 MyD88-dependent signaling
pathway. Nat Immunol 2002;3:196-200.

van Poelgeest MIE, Welters MJP, Vermeij R, et al. Vaccination
against oncoproteins of HPV16 for noninvasive vulvar/vaginal
lesions: lesion clearance is related to the strength of the T-cell
response. Clin Cancer Res 2016;22:2342-50.

Food and Drug Administration (FDA) B. Aldara (IMIQUIMOD)
prescribing information. Available: https://www.accessdata.fda.gov/
scripts/cder/daf/index.cfm?event=BasicSearch.process

de Witte CJ, van de Sande AJM, van Beekhuizen HJ, et al.
Imiquimod in cervical, vaginal and vulvar intraepithelial neoplasia: a
review. Gynecol Oncol 2015;139:377-84.

Pietzner K, Buttmann-Schweiger N, Sehouli J, et al. Incidence
patterns and survival of gynecological sarcoma in Germany:
analysis of population-based cancer registry data on 1066 women.
Int J Gynecol Cancer 2018;28:134-8.

Siozopoulou V, Domen A, Zwaenepoel K, et al. n.d. Immune
checkpoint inhibitory therapy in sarcomas. Cancers (Basel)
Deshpande M, Romanski PA, Rosenwaks Z, et al. Gynecological
cancers caused by deficient mismatch repair and microsatellite
instability. Cancers n.d.;12:3319.

Hoang LN, Ali RH, Lau S, et al. Inmunohistochemical survey

of mismatch repair protein expression in uterine sarcomas and
carcinosarcomas. Int J Gynecol Pathol 2014;33:483-91.

Shanes ED, Friedman LA, Mills AM. PD-L1 expression and
tumor-infiltrating lymphocytes in uterine smooth muscle

tumors: implications for immunotherapy. Am J Surg Pathol
2019;43:792-801.

Ben-Ami E, Barysauskas CM, Solomon S, et al. Immunotherapy
with single agent nivolumab for advanced leiomyosarcoma of the
uterus: results of a phase 2 study. Cancer 2017;123:3285-90.
D'Angelo SP, Mahoney MR, Van Tine BA, et al. Nivolumab with

or without ipilimumab treatment for metastatic sarcoma (alliance
A091401): two open-label, non-comparative, randomised, phase 2
trials. Lancet Oncol 2018;19:416-26.

Al-Toubah T, Cives M, Strosberg J. Novel immunotherapy strategies
for treatment of neuroendocrine neoplasms. Transl Gastroenterol
Hepatol 2020;5:54.

Patel SP, Othus M, Chae YK, et al. A phase |l basket trial of dual
anti-CTLA-4 and anti-PD-1 blockade in rare tumors (dart SWOG
1609). Clin Cancer Res 2020;26:2290-6.

Hou JY, Baptiste C, Hombalegowda RB, et al. Vulvar and vaginal
melanoma: a unique subclass of mucosal melanoma based on a
comprehensive molecular analysis of 51 cases compared with 2253
cases of nongynecologic melanoma. Cancer 2017;123:1333-44.

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

Wohimuth C, Wohimuth-Wieser |, May T, et al. Malignant melanoma
of the vulva and vagina: a US population-based study of 1863
patients. Am J Clin Dermatol 2020;21:285-95.

YuY, Tse K-Y, Lee HHY, et al. Predictive biomarkers and tumor
microenvironment in female genital melanomas: a multi-institutional
study of 55 cases. Mod Pathol 2020;33:138-52.

Anko M, Kobayashi Y, Banno K, et al. Current status and prospects
of immunotherapy for gynecologic melanoma. J Pers Med
2021;11:408.

Yin G, Guo W, Huang Z, et al. Efficacy of radiotherapy combined
with immune checkpoint inhibitors in patients with melanoma: a
systemic review and meta-analysis. Melanoma Res 2022;32:71-8.
Schiavone MB, Broach V, Shoushtari AN, et al. Combined
immunotherapy and radiation for treatment of mucosal melanomas
of the lower genital tract. Gynecol Oncol Rep 2016;16:42-6.

Sezen D, Patel RR, Tang C, et al. Immunotherapy combined

with high- and low-dose radiation to all sites leads to complete
clearance of disease in a patient with metastatic vaginal melanoma.
Gynecol Oncol 2021;161:645-52.

Ngan HYS, Seckl MJ, Berkowitz RS. Update on the diagnosis and
management of gestational trophoblastic disease. Int J Gynecol
Obstet 2018;143:79-85.

Niimi K, Yamamoto E, Nishino K, et al. Spontaneous regression of
gestational trophoblastic neoplasia. Gynecologic Oncology Reports
2017;21:98-100.

Inaguma S, Wang Z, Lasota J, et al. Comprehensive
immunohistochemical study of programmed cell death ligand 1
(PD-L1): analysis in 5536 cases revealed consistent expression in
trophoblastic tumors. Am J Surg Pathol 2016;40:1133-42.

Bolze P-A, Patrier S, Massardier J, et al. PD-L1 expression

in premalignant and malignant trophoblasts from gestational
trophoblastic diseases is ubiquitous and independent of clinical
outcomes. International Journal of Gynecological Cancer
2017;27:554-61.

You B, Bolze P-A, Lotz J-P, et al. Avelumab in patients with
gestational trophoblastic tumors with resistance to single-agent
chemotherapy: cohort a of the TROPHIMMUN phase |l trial. JCO
2020;38:3129-37.

Choi MC, Oh J, Lee C. Effective anti-programmed cell death 1
treatment for chemoresistant gestational trophoblastic neoplasia.
European Journal of Cancer 2019;121:94-7.

Ghorani E, Kaur B, Fisher RA, et al. Pembrolizumab is effective

for drug-resistant gestational trophoblastic neoplasia. Lancet
2017;390:2343-5.

Cheng H, Zong L, Kong Y, et al. Camrelizumab plus apatinib in
patients with high-risk chemorefractory or relapsed gestational
trophoblastic neoplasia (cap 01): a single-arm, open-label, phase 2
trial. Lancet Oncol 2021;22:1609-17.

Danlos F-X, Voisin A-L, Dyevre V, et al. Safety and efficacy of
anti-programmed death 1 antibodies in patients with cancer and
pre-existing autoimmune or inflammatory disease. Eur J Cancer
2018;91:21-9.

Leonardi GC, Gainor JF, Altan M, et al. Safety of programmed
death-1 pathway inhibitors among patients with non-small-

cell lung cancer and preexisting autoimmune disorders. JCO
2018;36:1905-12.

Menzies AM, Johnson DB, Ramanujam S, et al. Anti-Pd-1 therapy
in patients with advanced melanoma and preexisting autoimmune
disorders or major toxicity with ipilimumab. Annals of Oncology
2017;28:368-76. 10.1093/annonc/mdw443

Cortellini A, Buti S, Santini D, et al. Clinical outcomes of patients
with advanced cancer and pre-existing autoimmune diseases
treated with anti-programmed death-1 immunotherapy: a real-world
transverse study. Oncologist 2019;24:327-37.

Liao JB, Fisher CE, Madeleine MM. Gynecologic cancers and solid
organ transplantation. Am J Transplant 2019;19:1266-77.

Haanen J, Ernstoff MS, Wang Y, et al. Autoimmune diseases and
immune-checkpoint inhibitors for cancer therapy: review of the
literature and personalized risk-based prevention strategy. Ann
Oncol 2020;31:724-44.

Abdel-Wahab N, Safa H, Abudayyeh A. Checkpoint inhibitor
therapy for cancer in solid organ transplantation recipients: an
institutional experience and a systematic review of the literature. J
Immunotherapy Cancer 2019;7.

Grulich AE, van Leeuwen MT, Falster MO, et al. Incidence

of cancers in people with HIV/AIDS compared with
immunosuppressed transplant recipients: a meta-analysis. Lancet
2007;370:59-67.

Cook MR, Kim C. Safety and efficacy of immune checkpoint
inhibitor therapy in patients with HIV infection and advanced-stage
cancer: a systematic review. JAMA Oncol 2019;5:1049-54.

32

Disis ML, et al. J Immunother Cancer 2023;11:6006624. doi:10.1136/jitc-2022-006624


http://dx.doi.org/10.1111/j.1048-891x.2004.014066.x
http://dx.doi.org/10.1111/j.1048-891x.2004.014066.x
http://dx.doi.org/10.1016/0090-8258(91)90345-6
http://dx.doi.org/10.1136/jitc-2021-003671
http://dx.doi.org/10.18632/oncotarget.21641
http://dx.doi.org/10.1007/s00432-019-02915-1
http://dx.doi.org/10.1007/s00432-019-02915-1
http://dx.doi.org/10.1136/jitc-2021-003623
http://dx.doi.org/10.1136/jitc-2021-003623
http://dx.doi.org/10.1158/2159-8290.CD-20-1760
http://dx.doi.org/10.1200/JCO.19.00739
http://dx.doi.org/10.1016/j.ygyno.2022.01.029
http://dx.doi.org/10.1056/NEJMoa0810097
http://dx.doi.org/10.1056/NEJMoa0810097
http://dx.doi.org/10.1038/ni758
http://dx.doi.org/10.1158/1078-0432.CCR-15-2594
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=BasicSearch.process
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=BasicSearch.process
http://dx.doi.org/10.1016/j.ygyno.2015.08.018
http://dx.doi.org/10.1097/IGC.0000000000001128
http://dx.doi.org/10.3390/cancers13020360
http://dx.doi.org/10.3390/cancers12113319
http://dx.doi.org/10.1097/PGP.0b013e31829ff239
http://dx.doi.org/10.1097/PAS.0000000000001254
http://dx.doi.org/10.1002/cncr.30738
http://dx.doi.org/10.1016/S1470-2045(18)30006-8
http://dx.doi.org/10.21037/tgh.2019.12.18
http://dx.doi.org/10.21037/tgh.2019.12.18
http://dx.doi.org/10.1158/1078-0432.CCR-19-3356
http://dx.doi.org/10.1002/cncr.30473
http://dx.doi.org/10.1007/s40257-019-00487-x
http://dx.doi.org/10.1038/s41379-019-0345-2
http://dx.doi.org/10.3390/jpm11050403
http://dx.doi.org/10.1097/CMR.0000000000000800
http://dx.doi.org/10.1016/j.gore.2016.04.001
http://dx.doi.org/10.1016/j.ygyno.2021.03.017
http://dx.doi.org/10.1002/ijgo.12615
http://dx.doi.org/10.1002/ijgo.12615
http://dx.doi.org/10.1016/j.gore.2017.07.011
http://dx.doi.org/10.1097/PAS.0000000000000653
http://dx.doi.org/10.1097/IGC.0000000000000892
http://dx.doi.org/10.1200/JCO.20.00803
http://dx.doi.org/10.1016/j.ejca.2019.08.024
http://dx.doi.org/10.1016/S0140-6736(17)32894-5
http://dx.doi.org/10.1016/S1470-2045(21)00460-5
http://dx.doi.org/10.1016/j.ejca.2017.12.008
http://dx.doi.org/10.1200/JCO.2017.77.0305
http://dx.doi.org/10.1093/annonc/mdw443
http://dx.doi.org/10.1634/theoncologist.2018-0618
http://dx.doi.org/10.1111/ajt.15292
http://dx.doi.org/10.1016/j.annonc.2020.03.285
http://dx.doi.org/10.1016/j.annonc.2020.03.285
http://dx.doi.org/10.1016/S0140-6736(07)61050-2
http://dx.doi.org/10.1001/jamaoncol.2018.6737

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

Mahale P, Torres HA, Kramer JR, et al. Hepatitis C virus infection
and the risk of cancer among elderly US adults: a registry-based
case-control study. Cancer 2017;123:1202-11.

Song C, Lv J, Liu Y, et al. Associations between hepatitis B

virus infection and risk of all cancer types. JAMA Netw Open
2019;2:e195718.

Kamiza AB, Su FH, Wang WG, et al. Chronic hepatitis infection is
associated with extrahepatic cancer development: a nationwide
population-based study in Taiwan. BMC Cancer 2016;16:861.

Pu D, Yin L, Zhou Y, et al. Safety and efficacy of immune checkpoint
inhibitors in patients with HBV/HCV infection and advanced-stage
cancer: a systematic review. Medicine (Baltimore) 2020;99:e19013.
Shah NJ, Al-Shbool G, Blackburn M, et al. Safety and efficacy of
immune checkpoint inhibitors (icis) in cancer patients with HIV,
hepatitis B, or hepatitis C viral infection. J Immunother Cancer
2019;7:353.

Ziogas DC, Kostantinou F, Cholongitas E, et al. Reconsidering the
management of patients with cancer with viral hepatitis in the era of
immunotherapy. J Immunother Cancer 2020;8:e000943.

Cooksley CD, Avritscher EBC, Bekele BN, et al. Epidemiology

and outcomes of serious influenza-related infections in the cancer
population. Cancer 2005;104:618-28.

Sastra Winata |G, Simatupang J, Polim AA. The outcome of
gynecologic cancer patients with covid-19 infection: a systematic
review and meta-analysis. Oncology. Preprint.

Chong CR, Park VJ, Cohen B, et al. Safety of inactivated influenza
vaccine in cancer patients receiving immune checkpoint inhibitors.
Clin Infect Dis 2020;70:193-9.

Chen Y-W, Tucker MD, Beckermann KE, et al. COVID-19 mRNA
vaccines and immune-related adverse events in cancer patients
treated with immune checkpoint inhibitors. Eur J Cancer
2021;155:291-3.

Mei Q, Hu G, Yang Y, et al. Impact of COVID-19 vaccination on the
use of PD-1 inhibitor in treating patients with cancer: a real-world
study. J Immunother Cancer 2022;10:e004157.

Ricciuti B, Dahlberg SE, Adeni A, et al. Inmune checkpoint
inhibitor outcomes for patients with non-small-cell lung cancer
receiving baseline corticosteroids for palliative versus nonpalliative
indications. J Clin Oncol 2019;37:1927-34.

Arbour KC, Mezquita L, Long N, et al. Impact of baseline steroids
on efficacy of programmed cell death-1 and programmed death-
ligand 1 blockade in patients with non-small-cell lung cancer. JCO
2018;36:2872-8.

Petrelli F, Signorelli D, Ghidini M, et al. Association of steroids use
with survival in patients treated with immune checkpoint inhibitors:
a systematic review and meta-analysis. Cancers n.d.;12:546.

Scott SC, Pennell NA. Early use of systemic corticosteroids in
patients with advanced NSCLC treated with nivolumab. J Thorac
Oncol 2018;13:1771-5.

Maslov DV, Tawagi K, Kc M, et al. Timing of steroid initiation and
response rates to immune checkpoint inhibitors in metastatic
cancer. J Immunother Cancer 2021;9:e002261.

Karvonen H, Arjama M, Kaleva L, et al. Glucocorticoids induce
differentiation and chemoresistance in ovarian cancer by promoting
ROR1-mediated stemness. Cell Death Dis 2020;11:790.

Paderi A, Fancelli S, Caliman E, et al. Safety of immune checkpoint
inhibitors in elderly patients: an observational study. Curr Oncol
2021;28:3259-67.

Samani A, Zhang S, Spiers L, et al. Impact of age on the

toxicity of immune checkpoint inhibition. J Immunother Cancer
2020;8:€000871.

Yan X, Tian X, Wu Z, et al. Impact of age on the efficacy of immune
checkpoint inhibitor-based combination therapy for non-small-cell
lung cancer: a systematic review and meta-analysis. Front Oncol
2020;10:1671.

Landre T, Taleb C, Nicolas P, et al. Is there a clinical benefit of anti-
PD-1 in patients older than 75 years with previously treated solid
tumour? JCO 2016;34(15_suppl):3070.

Nie R-C, Chen G-M, Wang Y, et al. Efficacy of anti-PD-1/PD-L1
monotherapy or combinational therapy in patients aged 75 years or
older: a study-level meta-analysis. Front Oncol 2021;11:538174.
Corbaux P, Maillet D, Boespflug A, et al. Older and younger patients
treated with immune checkpoint inhibitors have similar outcomes in
real-life setting. European Journal of Cancer 2019;121:192-201.
Luciani A, Toschi L, Fava S, et al. Inmunotherapy in elderly patients
(= 75 yrs) with advanced non-small cell lung cancer (NSCLC): a
multicenter Italian experience. Annals of Oncology 2018;29:viii533.
Kambhampati S, Bauer KE, Bracci PM, et al. Nivolumab in patients
with advanced hepatocellular carcinoma and Child-Pugh class

B cirrhosis: safety and clinical outcomes in a retrospective case
series. Cancer 2019;125:3234-41.

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

Kitchlu A, Jhaveri KD, Sprangers B, et al. Imnmune checkpoint
inhibitor use in patients with end-stage kidney disease: an

analysis of reported cases and literature review. Clin Kidney J
2021;14:2012-22.

Ayantunde AA, Parsons SL. Pattern and prognostic factors in
patients with malignant ascites: a retrospective study. Ann Oncol
2007;18:945-9.

Sangisetty SL, Miner TJ. Malignant ascites: a review of prognostic
factors, pathophysiology and therapeutic measures. World J
Gastrointest Surg 2012;4:87.

Gotlieb WH, Amant F, Advani S, et al. Intravenous aflibercept for
treatment of recurrent symptomatic malignant ascites in patients
with advanced ovarian cancer: a phase 2, randomised, double-
blind, placebo-controlled study. Lancet Oncol 2012;13:154-62.
Ahmed N, Stenvers KL. Getting to know ovarian cancer ascites:
opportunities for targeted therapy-based translational research.
Front Oncol 2013;3:256. 10.3389/fonc.2013.00256

Fuca G, Cohen R, Lonardi S, et al. Ascites and resistance to
immune checkpoint inhibition in dAMMR/MSI-H metastatic colorectal
and gastric cancers. J Immunother Cancer 2022;10:e004001.
Warren WH, Kalimi R, Khodadadian LM, et al. Management of
malignant pleural effusions using the pleurx catheter. The Annals of
Thoracic Surgery 2008;85:1049-55.

Andrikopoulou A, Korakiti AM, Apostolidou K, et al. Immune
checkpoint inhibitor administration during pregnancy: a case series.
ESMO Open 2021;6:100262.

Ponticelli C, Moroni G. Fetal toxicity of immunosuppressive drugs in
pregnancy. J Clin Med 2018;7:552.

Park HJ, Kim KW, Won SE, et al. Definition, incidence, and
challenges for assessment of hyperprogressive disease during
cancer treatment with immune checkpoint inhibitors: a systematic
review and meta-analysis. JAMA Netw Open 2021;4:€211136.

Park HJ, Kim KW, Pyo J, et al. Incidence of pseudoprogression
during immune checkpoint inhibitor therapy for solid tumors: a
systematic review and meta-analysis. Radiology 2020;297:87-96.
Eisenhauer EA, Therasse P, Bogaerts J, et al. New response
evaluation criteria in solid tumours: revised RECIST guideline
(version 1.1). Eur J Cancer 2009;45:228-47.

Wolchok JD, Hoos A, O’Day S, et al. Guidelines for the evaluation of
immune therapy activity in solid tumors: immune-related response
criteria. Clin Cancer Res 2009;15:7412-20.

Nishino M, Giobbie-Hurder A, Gargano M, et al. Developing a
common language for tumor response to immunotherapy: immune-
related response criteria using unidimensional measurements. Clin
Cancer Res 2013;19:3936-43.

Hodi FS, Ballinger M, Lyons B, et al. Immune-modified response
evaluation criteria in solid tumors (imrecist): refining guidelines

to assess the clinical benefit of cancer immunotherapy. JCO
2018;36:850-8.

Seymour L, Bogaerts J, Perrone A, et al. iRECIST: guidelines for
response criteria for use in trials testing immunotherapeutics. The
Lancet Oncology 2017;18:143-52.

Charkhchi P, Cybulski C, Gronwald J, et al. CA125 and ovarian
cancer: a comprehensive review. Cancers 2020;12:12.

Boland JL, Zhou Q, lasonos AE, et al. Utility of serum CA-125
monitoring in patients with ovarian cancer undergoing immune
checkpoint inhibitor therapy. Gynecol Oncol 2020;158:303-8.
Marron TU, Ryan AE, Reddy SM, et al. Considerations for treatment
duration in responders to immune checkpoint inhibitors. J
Immunother Cancer 2021;9:e001901.

Robert C, Ribas A, Schachter J, et al. Pembrolizumab

versus ipilimumab in advanced melanoma (KEYNOTE-006):
post-hoc 5-year results from an open-label, multicentre,
randomised, controlled, phase 3 study. The Lancet Oncology
2019;20:1239-51.

Hamid O, Robert C, Daud A, et al. Five-year survival outcomes for
patients with advanced melanoma treated with pembrolizumab in
KEYNOTE-001. Annals of Oncology 2019;30:582-8.

Schadendorf D, Wolchok JD, Hodi FS, et al. Efficacy and safety
outcomes in patients with advanced melanoma who discontinued
treatment with nivolumab and ipilimumab because of adverse
events: a pooled analysis of randomized phase Il and Il trials. J Clin
Oncol 2017;35:3807-14.

Gilbert L, Moore K, Samouélian V, et al. 670 correlation of durability
of response with best response or early discontinuation: a post
hoc analysis of the garnet endometrial cancer cohorts. SITC 37th
Annual Meeting (SITC 2022) Abstracts; November 2022

Kluger HM, Tawbi HA, Ascierto ML, et al. Defining tumor resistance
to PD-1 pathway blockade: recommendations from the first meeting
of the SITC immunotherapy resistance Taskforce. J Immunother
Cancer 2020;8:e6000398.

Disis ML, et al. J Immunother Cancer 2023;11:6006624. doi:10.1136/jitc-2022-006624

33


http://dx.doi.org/10.1002/cncr.30559
http://dx.doi.org/10.1001/jamanetworkopen.2019.5718
http://dx.doi.org/10.1186/s12885-016-2918-5
http://dx.doi.org/10.1097/MD.0000000000019013
http://dx.doi.org/10.1186/s40425-019-0771-1
http://dx.doi.org/10.1136/jitc-2020-000943
http://dx.doi.org/10.1002/cncr.21203
http://dx.doi.org/10.1093/cid/ciz202
http://dx.doi.org/10.1016/j.ejca.2021.07.017
http://dx.doi.org/10.1136/jitc-2021-004157
http://dx.doi.org/10.1200/JCO.19.00189
http://dx.doi.org/10.1200/JCO.2018.79.0006
http://dx.doi.org/10.3390/cancers12030546
http://dx.doi.org/10.1016/j.jtho.2018.06.004
http://dx.doi.org/10.1016/j.jtho.2018.06.004
http://dx.doi.org/10.1136/jitc-2020-002261
http://dx.doi.org/10.1038/s41419-020-03009-4
http://dx.doi.org/10.3390/curroncol28050283
http://dx.doi.org/10.1136/jitc-2020-000871
http://dx.doi.org/10.3389/fonc.2020.01671
http://dx.doi.org/10.1200/JCO.2016.34.15_suppl.3070
http://dx.doi.org/10.3389/fonc.2021.538174
http://dx.doi.org/10.1016/j.ejca.2019.08.027
http://dx.doi.org/10.1093/annonc/mdy292.094
http://dx.doi.org/10.1002/cncr.32206
http://dx.doi.org/10.1093/ckj/sfab090
http://dx.doi.org/10.1093/annonc/mdl499
http://dx.doi.org/10.4240/wjgs.v4.i4.87
http://dx.doi.org/10.4240/wjgs.v4.i4.87
http://dx.doi.org/10.1016/S1470-2045(11)70338-2
http://dx.doi.org/10.3389/fonc.2013.00256
http://dx.doi.org/10.1136/jitc-2021-004001
http://dx.doi.org/10.1016/j.athoracsur.2007.11.039
http://dx.doi.org/10.1016/j.athoracsur.2007.11.039
http://dx.doi.org/10.1016/j.esmoop.2021.100262
http://dx.doi.org/10.3390/jcm7120552
http://dx.doi.org/10.1001/jamanetworkopen.2021.1136
http://dx.doi.org/10.1148/radiol.2020200443
http://dx.doi.org/10.1016/j.ejca.2008.10.026
http://dx.doi.org/10.1158/1078-0432.CCR-09-1624
http://dx.doi.org/10.1158/1078-0432.CCR-13-0895
http://dx.doi.org/10.1158/1078-0432.CCR-13-0895
http://dx.doi.org/10.1200/JCO.2017.75.1644
http://dx.doi.org/10.1016/S1470-2045(17)30074-8
http://dx.doi.org/10.1016/S1470-2045(17)30074-8
http://dx.doi.org/10.3390/cancers12123730
http://dx.doi.org/10.1016/j.ygyno.2020.04.710
http://dx.doi.org/10.1136/jitc-2020-001901
http://dx.doi.org/10.1136/jitc-2020-001901
http://dx.doi.org/10.1016/S1470-2045(19)30388-2
http://dx.doi.org/10.1093/annonc/mdz011
http://dx.doi.org/10.1200/JCO.2017.73.2289
http://dx.doi.org/10.1200/JCO.2017.73.2289
http://dx.doi.org/10.1136/jitc-2019-000398
http://dx.doi.org/10.1136/jitc-2019-000398

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

Lei Q, Wang D, Sun K, et al. Resistance mechanisms of anti-PD1/
PDL1 therapy in solid tumors. Front Cell Dev Biol 2020;8:672.
Jenkins RW, Barbie DA, Flaherty KT. Mechanisms of resistance to
immune checkpoint inhibitors. Br J Cancer 2018;118:9-16.

Ni Y, Soliman A, Joehlin-Price A, et al. High TGF-B signature
predicts immunotherapy resistance in gynecologic cancer patients
treated with immune checkpoint inhibition. NPJ Precis Oncol
2021;5:101.

Ghisoni E, Wicky A, Bouchaab H, et al. Late-onset and long-
lasting immune-related adverse events from immune checkpoint-
inhibitors: an overlooked aspect in immunotherapy. Eur J Cancer
2021;149:153-64.

Acker R, Ramos A, Castro C, et al. Incidence of immune related
adverse events in patients with gynecologic cancers: a multi-
institutional 20-year retrospective review. Gynecologic Oncology
2021;162:5188.

Byun DJ, Wolchok JD, Rosenberg LM, et al. Cancer immunotherapy
— immune checkpoint blockade and associated endocrinopathies.
Nat Rev Endocrinol 2017;13:195-207.

Brahmer JR, Abu-Sbeih H, Ascierto PA, et al. Society for
immunotherapy of cancer (SITC) clinical practice guideline on
immune checkpoint inhibitor-related adverse events. J Immunother
Cancer 2021;9:e002435.

Abid MB. Overlap of immunotherapy-related pneumonitis and
COVID-19 pneumonia: diagnostic and vaccine considerations. J
Immunother Cancer 2021;9:e002307.

Gilligan T, Coyle N, Frankel RM, et al. Patient-clinician
communication: American Society of clinical oncology consensus
guideline. JCO 2017;35:3618-32.

Okura N, Asano M, Uchino J, et al. Endocrinopathies associated
with immune checkpoint inhibitor cancer treatment: a review. JCM
2020;9:2038.

Jonklaas J, Bianco AC, Bauer AJ, et al. Guidelines for the
treatment of hypothyroidism: prepared by the American thyroid
association Task force on thyroid hormone replacement. Thyroid
2014;24:1670-751.

Lutgendorf SK, Anderson B, Ullrich P, et al. Quality of life and mood
in women with gynecologic cancer: a one year prospective study.
Cancer 2002;94:131-40.

Carlson LE. Distress management through Mind-body therapies in
oncology. J Natl/ Cancer Inst Monogr 2017;2017:52.

Xunlin NG, Lau Y, Klainin-Yobas P. The effectiveness of
mindfulness-based interventions among cancer patients and
survivors: a systematic review and meta-analysis. Support Care
Cancer 2020;28:1563-78.

Miller BE, Pittman B, Strong C. Gynecologic cancer patients’
psychosocial needs and their views on the physician’s role in
meeting those needs. Int J Gynecol Cancer 2003;13:111-9.
Andersen BL, DeRubeis RJ, Berman BS, et al. Screening,
assessment, and care of anxiety and depressive symptoms in
adults with cancer: an American Society of Clinical Oncology
guideline adaptation. J Clin Oncol 2014;32:1605-19.

Hacker KE, Reynolds RK, Uppal S. Ongoing strategies and
updates on pain management in gynecologic oncology patients.
Gynecologic Oncology 2018;149:410-9.

Esselen KM, Gompers A, Hacker MR, et al. Evaluating meaningful
levels of financial toxicity in gynecologic cancers. Int J Gynecol
Cancer 2021;31:801-6.

Sharp L, Carsin AE, Timmons A. Associations between cancer-
related financial stress and strain and psychological well-

being among individuals living with cancer. Psycho-Oncology
2013;22:745-55.

Zafar SY, Peppercorn JM, Schrag D, et al. The financial toxicity

of cancer treatment: a pilot study assessing out-of-pocket
expenses and the insured cancer patient’s experience. Oncologist
2013;18:381-90.

Carter J, Stabile C, Gunn A, et al. The physical consequences of
gynecologic cancer surgery and their impact on sexual, emotional,
and quality of life issues. J Sex Med 2013;10 Suppl 1:21-34.

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

Petrelli F, Morelli AM, Luciani A, et al. Risk of infection with immune
checkpoint inhibitors: a systematic review and meta-analysis. Target
Oncol 2021;16:553-68.

Hall ET, Singhal S, Dickerson J, et al. Patient-Reported outcomes
for cancer patients receiving checkpoint inhibitors: opportunities for
palliative care—A systematic review. Journal of Pain and Symptom
Management 2019;58:137-56.

Abdel-Rahman O, Oweira H, Giryes A. Health-related quality of

life in cancer patients treated with PD-(L)1 inhibitors: a systematic
review. Expert Rev Anticancer Ther 2018;18:1231-9.

Gonzalez BD, Eisel SL, Bowles KE, et al. Meta-Analysis of quality of
life in cancer patients treated with immune checkpoint inhibitors. J
Natl Cancer Inst 2021.

Faury S, Foucaud J. Health-Related quality of life in cancer patients
treated with immune checkpoint inhibitors: a systematic review on
reporting of methods in randomized controlled trials. PLoS One
2020;15:e0227344.

Kristeleit RS, Mathews CA, Redondo A, et al. Patient-Reported
outcomes (pro) in the garnet trial in patients (PTS) with advanced
or recurrent dmmr/MSI-H endometrial cancer (EC) treated with
dostarlimab. JCO 2020;38(15_suppl):e18032.

Monk B, Tewari K, Dubot C, et al. Patient-Reported outcomes

from the phase 3 randomized, double-blind, KEYNOTE-826

trial of pembrolizumab plus chemotherapy versus placebo plus
chemotherapy for the first-line treatment of persistent, recurrent,

or metastatic cervical cancer (023). Gynecologic Oncology
2022;166:S18.

Lorusso D, Colombo N, Casado Herraez A, et al. Health-

Related quality of life (hrgol) in advanced endometrial

cancer (aec) patients (PTS) treated with lenvatinib plus
pembrolizumab or treatment of physician’s choice (TPC). JCO
2021;39(15_suppl):5570.

Patel A, Goldstein DA, Tannock IF. Improving access to
immunotherapy in low- and middle-income countries. Annals of
Oncology 2022;33:360-1.

Chatterjee S, Gupta D, Caputo TA, et al. Disparities in gynecological
malignancies. Front Oncol 2016;6:36.

Bristow RE, Chang J, Ziogas A, et al. Sociodemographic disparities
in advanced ovarian cancer survival and adherence to treatment
guidelines. Obstet Gynecol 2015;125:833-42.

Bristow RE, Powell MA, Al-Hammadi N, et al. Disparities in

ovarian cancer care quality and survival according to race and
socioeconomic status. J Natl Cancer Inst 2013;105:823-32.
Esselen KM, Vitonis A, Einarsson J, et al. Health care disparities in
hysterectomy for gynecologic cancers: data from the 2012 national
inpatient sample. Obstet Gynecol 2015;126:1029-39.

Haque W, Verma V, Butler EB, et al. Racial and socioeconomic
disparities in the delivery of immunotherapy for metastatic
melanoma in the United States. J Immunother 2019;42:228-35.
Murthy VH, Krumholz HM, Gross CP. Participation in cancer

clinical trials: race-, sex-, and age-based disparities. JAMA
2004;291:2720-6.

King TE. Racial disparities in clinical trials. N Engl J Med Overseas
Ed 2002;346:1400-2.

Scime S. Inequities in cancer care among transgender people:
recommendations for change. Can Oncol Nurs J 2019;29:87-91.
Labanca T, Mafiero |, Pannunzio M. Transgender patients:
considerations for routine gynecologic care and cancer screening.
Int J Gynecol Cancer 2020;30:1990-6.

Reisner SL, Perkovich B, Mimiaga MJ. A mixed methods study

of the sexual health needs of new England transmen who

have sex with nontransgender men. AIDS Patient Care STDS
2010;24:501-13.

Unger CA. Care of the transgender patient: a survey of
gynecologists’ current knowledge and practice. J Womens Health
(Larchmt) 2015;24:114-8.

Potter J, Peitzmeier SM, Bernstein |, et al. Cervical cancer
screening for patients on the female-to-male spectrum: a narrative
review and guide for clinicians. J Gen Intern Med 2015;30:1857-64.

34

Disis ML, et al. J Immunother Cancer 2023;11:6006624. doi:10.1136/jitc-2022-006624


http://dx.doi.org/10.3389/fcell.2020.00672
http://dx.doi.org/10.1038/bjc.2017.434
http://dx.doi.org/10.1038/s41698-021-00242-8
http://dx.doi.org/10.1016/j.ejca.2021.03.010
http://dx.doi.org/10.1016/S0090-8258(21)01004-0
http://dx.doi.org/10.1038/nrendo.2016.205
http://dx.doi.org/10.1136/jitc-2021-002435
http://dx.doi.org/10.1136/jitc-2021-002435
http://dx.doi.org/10.1136/jitc-2020-002307
http://dx.doi.org/10.1136/jitc-2020-002307
http://dx.doi.org/10.1200/JCO.2017.75.2311
http://dx.doi.org/10.3390/jcm9072033
http://dx.doi.org/10.1089/thy.2014.0028
http://dx.doi.org/10.1002/cncr.10155
http://dx.doi.org/10.1093/jncimonographs/lgx009
http://dx.doi.org/10.1007/s00520-019-05219-9
http://dx.doi.org/10.1007/s00520-019-05219-9
http://dx.doi.org/10.1046/j.1525-1438.2003.13001.x
http://dx.doi.org/10.1200/JCO.2013.52.4611
http://dx.doi.org/10.1016/j.ygyno.2018.01.034
http://dx.doi.org/10.1136/ijgc-2021-002475
http://dx.doi.org/10.1136/ijgc-2021-002475
http://dx.doi.org/10.1002/pon.3055
http://dx.doi.org/10.1634/theoncologist.2012-0279
http://dx.doi.org/10.1111/jsm.12002
http://dx.doi.org/10.1007/s11523-021-00824-3
http://dx.doi.org/10.1007/s11523-021-00824-3
http://dx.doi.org/10.1016/j.jpainsymman.2019.03.015
http://dx.doi.org/10.1016/j.jpainsymman.2019.03.015
http://dx.doi.org/10.1080/14737140.2018.1528146
http://dx.doi.org/10.1371/journal.pone.0227344
http://dx.doi.org/10.1200/JCO.2020.38.15_suppl.e18032
http://dx.doi.org/10.1016/S0090-8258(22)01241-0
http://dx.doi.org/10.1200/JCO.2021.39.15_suppl.5570
http://dx.doi.org/10.1016/j.annonc.2022.01.003
http://dx.doi.org/10.1016/j.annonc.2022.01.003
http://dx.doi.org/10.3389/fonc.2016.00036
http://dx.doi.org/10.1097/AOG.0000000000000643
http://dx.doi.org/10.1093/jnci/djt065
http://dx.doi.org/10.1097/AOG.0000000000001088
http://dx.doi.org/10.1097/CJI.0000000000000264
http://dx.doi.org/10.1001/jama.291.22.2720
http://dx.doi.org/10.1056/NEJM200205023461812
http://dx.doi.org/10.1056/NEJM200205023461812
http://dx.doi.org/10.5737/236880762928791
http://dx.doi.org/10.1136/ijgc-2020-001860
http://dx.doi.org/10.1089/apc.2010.0059
http://dx.doi.org/10.1089/jwh.2014.4918
http://dx.doi.org/10.1089/jwh.2014.4918
http://dx.doi.org/10.1007/s11606-015-3462-8

	Society for Immunotherapy of Cancer (SITC) clinical practice guideline on immunotherapy for the treatment of gynecologic cancer
	Abstract
	Introduction
	Guideline development methods
	Expert Panel composition
	Conflict of interest management
	Recommendation development
	Evidence rating
	External review

	Immunotherapy biomarkers for gynecologic cancer
	MMR deficiency/microsatellite instability
	Assessment of dMMR/MSI-H

	PD-L1 expression
	Assessment of PD-L1 expression

	Tumor mutational burden
	Assessment of TMB

	Biopsy and specimen considerations
	Primary versus metastatic tumor biopsies
	Considerations for IHC on archived tissue biopsies
	Liquid biopsy and ctDNA assessment

	Emerging immune biomarkers
	Expert Panel recommendations

	Immunotherapy for the treatment of cervical cancer
	Histology and immunotherapy biomarkers for cervical cancer
	Cervical cancer histology
	Cervical cancer-specific immune biomarkers
	Expert Panel recommendations

	Recommended immunotherapy treatments for cervical cancer
	First-line immunotherapy for PD-L1-positive cervical cancer
	Immunotherapy for disease that progresses on or after chemotherapy
	TMB-H or MSI-H/dMMR cervical cancer
	Expert Panel recommendations

	Emerging immunotherapy strategies for cervical cancer
	ICI-based combinations for the treatment of cervical cancer
	Investigational immunotherapy strategies for the treatment of cervical cancer
	Expert Panel recommendations


	Immunotherapy for the treatment of endometrial cancer
	Histology, molecular subtypes, and immunotherapy biomarkers for endometrial cancer
	Endometrial cancer molecular subgroups
	PD-L1 expression in endometrial cancer
	Mutation burden and dMMR/MSI in endometrial cancer
	Expert Panel recommendations

	Recommended immunotherapy treatments for endometrial cancer
	Previously untreated stage III or IV or first recurrent endometrial cancer
	pMMR endometrial cancer
	dMMR endometrial cancer
	TMB-H endometrial cancer
	Expert Panel recommendations

	Emerging immunotherapy strategies for endometrial cancer
	Expert Panel recommendations


	Emerging immunotherapy strategies for the treatment of ovarian cancer
	Negative trials evaluating ICIs for the treatment of ovarian cancer
	Emerging immunotherapy strategies for ovarian cancer
	ICI-targeted therapy combinations for the treatment of ovarian cancer
	Investigational immunotherapy strategies for the treatment of ovarian cancer
	Expert Panel recommendations


	Emerging immunotherapy strategies for the treatment of rare gynecologic cancers
	Vaginal and vulvar cancers
	The vaginal and vulvar cancer immune microenvironment
	Immunotherapy outcomes in vaginal and vulvar cancers

	Other rare gynecologic cancer variants
	Gynecologic sarcomas
	Rare epithelial endometrial tumors
	Gynecologic NETs
	Gynecologic melanomas

	Gestational trophoblastic neoplasia
	Expert Panel recommendations
	Vaginal and vulvar cancers
	Other rare gynecologic cancer variants
	Gestational trophoblastic neoplasia


	Patient selection and management for gynecologic cancer
	Special patient populations
	Response monitoring
	Treatment duration
	Postimmunotherapy treatment choice
	Toxicity
	Expert Panel recommendations
	Special patient populations
	Response monitoring, management of radiologic progression, and toxicity


	Patient education and QOL support
	Patient education
	QOL support
	Gynecologic cancer-specific QOL considerations
	Assessment of QOL and outcomes from landmark trials
	Disparities in gynecologic cancer care

	Expert Panel recommendations
	Patient education
	QOL support


	Conclusion
	References


