
DOI 10.1007/s11864-021-00918-0

Gynecologic Cancers (LA Cantrell, Section Editor)

The Use of Targeted Agents in
the Treatment of Gynecologic
Cancers
Shaina F. Bruce, MD*

Matthew A. Powell, MD

Address
*Division of Gynecologic Oncology, Washington University, 660 S. Euclid Avenue,
Mailstop 8064-37-905, Saint Louis, MO, 63110, USA
Email: brucesf@wustl.edu

* The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2022

This article is part of the Topical Collection on Gynecologic Cancers

Keywords Targeted therapy I Gynecologic cancer I Immunotherapy I PARP inhibitor I Hormonal therapy I
Anti-angiogenics

Opinion statement

Patients with advanced and recurrent ovarian, uterine, and cervical cancers have limited
efficacious treatment options and poor outcomes. The development of agents that target
DNA repair mechanisms, angiogenesis, immune checkpoints, and hormone receptor ex-
pression provides additional options for these patients. Many available targeted therapies
have limited efficacy as single agents, so clinical trials investigating combination thera-
pies as well as continued identification and validation of predictive biomarkers are critical.
Many novel small molecule therapies, antibody drug conjugates, and therapeutic vaccines
are also in development. This review will focus on recent evidence supporting the use of
clinically available targeted therapies for gynecologic cancer.

Introduction

Ovarian cancer is the most deadly gynecologic cancer.
There will be a projected 21,410 new cases of ovarian
cancer and 13,770 deaths in the USA in 2021 [1]. Stan-
dard treatment for newly diagnosed ovarian cancer con-
sists of cytoreductive surgery and platinum-based che-
motherapy. Though the majority of patients are left
without evidence of disease after first-line treatment,

about 70% will recur within the first 5 years [2]. The
prognosis for recurrent ovarian cancer is poor, and pa-
tients often receive multiple additional lines of therapy
before succumbing to their disease. Recent advances in
ovarian cancer research have introduced additional ther-
apeutic options for these patients. Most recently,
poly(adenosine-diphosphate-ribose) polymerase
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(PARP) inhibitors have shown substantial benefit for
patients with BRCA mutations in the upfront setting
and in themaintenance setting regardless of BRCA status
[3].

In the USA, endometrial cancer is the most common
gynecologic cancer with a predicted 66,570 new cases in
2021 and incidence continues to rise [4]. Prognosis for
advanced endometrial cancer is poor with a 5-year over-
all survival of 40–65% for stage III and 15–17% for stage
IV disease [5]. The Cancer Genome Atlas (TCGA) project
identified four molecular subgroups: polymerase epsi-
lon (POLE) ultra-mutated, microsatellite instability
hypermutated, copy-number low, and copy-number
high (p53 abnormal) [6, 7]. In a molecular analysis of
the PORTEC 3 patient cohort, Leon-Castillo et al found
that molecular classification by TCGA subgroup has
strong prognostic value in high-risk endometrial cancer.
Specifically, they found that p53 abnormal patients had
a significantly improved recurrence free survival (RFS)
with chemotherapy and radiation therapy as compared
to radiation alone [6]. Furthermore, the POLE ultra-
mutated subtype demonstrated excellent RFS in both
adjuvant therapy arms. The work of the TCGA has en-
hanced our understanding of this heterogeneous disease
and has opened the door for targeted therapies in the
treatment of endometrial cancer.

Cervical cancer is the fourth most common cause of
cancer-related death in women worldwide. There is a

large variation in the incidence and mortality of cervical
cancer with developing nations more severely affected.
Incidence in developed nations has been decreasing due
to screening, and further decline is expected with wide-
spread HPV vaccination. Regardless, in the USA in 2021,
about 14,480 new cases will be diagnosed with 4,290
deaths [8]. Patients with FIGO stage IB to IIA disease
have a recurrence risk of 10 to 20%, while those with
stage IIB to IVA disease have a 30–70% chance of recur-
rence [9]. Efficacious treatment options in the advanced
and recurrent settings are limited, but multiple targeted
therapies are currently in phase II/III trials that may offer
options for this patient population.

The exciting evolution of cancer treatment over the
last decade is due to a deep understanding of the cancer
genome, discovery of actionable molecular biomarkers,
and an understanding of the immune landscape. These
advances have led to development of targeted agents
including those that target DNA repair mechanisms,
immune checkpoint inhibition, hormonal therapies,
and anti-angiogenics. Many novel small molecule ther-
apies, antibody drug conjugates, and therapeutic vac-
cines are also in development.

This review will discuss the current evidence
supporting the use of clinically available targeted thera-
pies for gynecologic cancer. Select agents in develop-
ment will also be discussed.

Anti-angiogenic Agents

The vascular endothelial growth factor (VEGF) signaling pathway is a major
driver of angiogenesis in solid tumors. VEGF is a growth and proliferation factor
for endothelial cells that binds to VEGFR-1 and VEGFR-2. VEGFR-2 is expressed
mainly on endothelial cells, while VEGFR-1 is expressed on macrophages,
tumor cells, and fibroblasts [10]. Multiple targeted anti-angiogenic therapies
are used in gynecologic cancers, including the monoclonal antibody, bevaciz-
umab, and small-molecule tyrosine kinase inhibitors (e.g., cediranib and
pazopanib). Bevacizumab is a recombinant humanized monoclonal antibody
against circulating VEGF. It also functions to normalize tumor vasculature
which helps to improve sensitivity to chemotherapy [10].

Anti-angiogenic therapy has been studied for two decades in ovarian cancer.
In 2018, the United States Food and Drug Administration (FDA) approved
front-line use of bevacizumab in combination with standard chemotherapy in
patients with stage III/IV ovarian cancer based on the results of GOG 218 [11].
Patients received either carboplatin and paclitaxel (control), carboplatin and
paclitaxel with concurrent bevacizumab and placebo maintenance, or
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carboplatin-paclitaxel with bevacizumab and bevacizumab maintenance. Ini-
tial results showed a 3.8-month improvement in progression-free survival (PFS)
with concurrent and maintenance bevacizumab (p G 0.001) [11]. However, in
2019, updated results from 9 years of follow-up found no survival benefit
compared to standard chemotherapy [12]. An exploratory analysis of a subset
of patients from GOG 218 with stage IV disease revealed a 10-month improve-
ment in overall survival (OS) in the concurrent and maintenance bevacizumab
arm compared to standard chemotherapy [13]. Additionally, ICON7 showed
survival benefit of chemotherapy plus bevacizumab for patients at highest risk
for recurrence: stage IV, sub-optimally debulked stage III, or inoperable stage III
(39.3 vs. 34.5 months (p = 0.030) [14, 15]. In light of this data, many providers
choose to reserve upfront bevacizumab for patients with stage IV disease, sub-
optimally debulked stage III, or those with platinum refractory disease. There
was no statistical difference in quality of life in either study population with the
addition of bevacizumab.

Cediranib is a tyrosine kinase inhibitor of VEGFR 1/2/3 and c-KIT. Phase III
trial, ICON6, investigated the combination of cediranib with chemotherapy
and asmaintenance in patients with recurrent platinum sensitive ovarian cancer
[16]. Final overall survival (OS) analysis was performed at a median 25.6
months and showed an improvement in median OS by 7.4 months in favor
of the cediranib arm (HR 0.85; p = 0.210) [17]. Cediranib is not yet FDA
approved for use in ovarian cancer.

Anti-angiogenic therapies also have an important role in the treatment of
advanced or recurrent cervical cancer. GOG 240 compared cisplatin/paclitaxel
and topotecan/paclitaxel with or without bevacizumab in patients with recur-
rent or persistent disease. The study found a median OS of 16.8 months in the
chemotherapy plus bevacizumab arms versus 13.3 months in the
chemotherapy-alone arms (HR 0.77; p = 0.007) [18, 19]. The results of GOG
240 resulted in US FDA approval of bevacizumab in first-line management of
advanced cervical cancer in 2014.

PARP Inhibitors

The introduction of PARP inhibitors (PARPi) has led to major changes in the
management of epithelial ovarian cancer (EOC). PARPi function by inhibiting
the PARP enzyme, which prevents the repair of single-strand breaks in DNA via
base excision repair. Inability to repair single-strand breaks leads to double-
strand breaks [5]. In homologous recombination (HR) proficient cells, double-
strand breaks are able to be repaired by BRCA-mediated homologous recom-
bination repair. However, BRCA-mutated or HR-deficient (HRD) cells are
unable to utilize this repair mechanism which leads to accumulation of
double-strand breaks and cell death [5].

There have been 17 phase II/III trials published from 2009 through 2020
that investigate the use of PARP inhibitors compared to standard of care or
placebo in EOC [3]. Three PARP inhibitors, olaparib, rucaparib, and niraparib,
are commercially available and approved by the FDA for the treatment of
patients with EOC—each with different clinical indications and toxicity pro-
files. Veliparib and talazoparib have also been evaluated in EOC and are still
under clinical investigation.
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Multiple phase II/III trials have established the clinical benefit of treatment
with olaparib, rucaparib, and niraparib in the recurrent setting in patients with
BRCAmutated or HRD disease. These are listed in Table 1. Based on the results
of these studies, olaparib and rucaparib are approved for patients with BRCA
mutations who have received ≥3 lines or ≥ 2 prior lines of chemotherapy,
respectively [3]. Niraparib is approved for patients with HRD-positive tumors
who have received ≥3 prior lines of chemotherapy [3].

STUDY 19, SOLO2, NOVA, and ARIEL 3 investigated the efficacy of PARP
inhibitor maintenance monotherapy for recurrent disease [29–33]. Based on
the results of these studies, the American Society of Clinical Oncology (ASCO)
recommends that PARP inhibitor monotherapy maintenance (second line or
more) may be offered to patients with EOC who have responded to platinum-
based therapy regardless of BRCA status [3]. Olaparib, rucaparib, and niraparib
are available for this indication.

SOLO1, PAOLA1, PRIMA, and VELIA are four clinical trials published in
2018–2019which address the use of PARP inhibitors for newly diagnosed EOC
[2, 34–37] SOLO1 investigated olaparib as first-line maintenance in BRCA1/2
mutants with FIGO stage III–IV disease after complete or partial response to
platinum-based chemotherapy. Patients were randomized to olaparib alone or
placebo. The trial showed that in this population, maintenance with olaparib
improved PFS at 3 years with 60% of patients without disease in the olaparib
group vs. 27% in the placebo group (HR 0.30; p G 0.001) [2]. Though final OS
data is not yet published, after a median of 4.8 and 5.0 years of f/u, median PFS
was 56 vs. 14 months for olaparib and placebo, respectively [34].

The PAOLA1 trial was the first phase III trial to examine the efficacy of a
PARPi with bevacizumab as first-line maintenance therapy in patients with

Table 1. Clinical trials evaluating PARPi for the treatment of recurrent ovarian cancer

Study design PARPi Patient population
Study 42 [20] Phase II, single arm Olaparib Germline BRCAm, platinum resistant

Gelmon et al [21] Phase II, single arm Olaparib BRCAm or BRCAwt

CLIO Study [22] Phase II, randomized Olaparib Germline BRCAm or BRCAwt, platinum resistant,
≥ 1 prior systemic therapy

Liu et al [23] Phase II, randomized Olaparib Germline BRCAm

Kaye et al [24] Phase II, randomized Olaparib Germline BRCAm, recurrence/progression within
12 months of prior platinum based therapy

SOLO 3 [25] Phase III, randomized, controlled Olaparib Germline BRCAm, ≥ 2 prior platinum based lines
of therapy, partially platinum sensitive or
platinum sensitive

Study 10 [26] Phase I/II, safety and efficacy Rucaparib Germline or somatic BRCAm, ≥ 3 prior systemic
therapies

ARIEL 2 [27] Phase II, single arm Rucaparib Germline or somatic BRCAm or BRCAwt, platinum
sensitive

QUADRA [28] Phase II, single arm Niraparib HRD positive, platinum sensitive, 3 or 4 prior
lines of therapy
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advanced EOC. Patients must have had a complete or partial response to
standard platinum-based chemotherapy with bevacizumab. Patients were ran-
domized to olaparib + bevacizumab or placebo + bevacizumab. A statistically
significant improvement in PFS was demonstrated in the intention to treat
population compared with placebo with median PFS of 22.1 months vs. 16.6
months [35]. Pre-specified subgroup analyses showed that patients with somat-
ic BRCA mutations and patients with positive HRD status had the greatest PFS
benefits. However, no significant benefit was observed in HR-proficient
patients.

The PRIMA trial investigated the efficacy of niraparib maintenance after
response to platinum-based chemo in patients with newly diagnosed, advanced
EOC at high risk for recurrence. In the overall population, a significant benefit
in median PFS was seen with niraparib over placebo, 13.8 months vs. 8.2
months. PFS was also significantly improved in the niraparib group in those
with HR-proficient tumors (8.1months vs. 5.4months; HR 0.68, CI 0.49–0.94)
[36]. The PRIMA trial was the first to demonstrate clinical benefit of first-line
treatment with niraparib in all patients with advanced EOC regardless of HRD
status.

The VELIA trial assessed the efficacy of veliparib added to first-line chemo-
therapy with carboplatin and paclitaxel and then continued as maintenance
monotherapy in patients with previously untreated, advanced EOC. Patients
were randomized to placebo with carboplatin/paclitaxel followed by placebo
which served as the control group, veliparib with carboplatin/paclitaxel follow-
ed by placebo, or veliparib with carboplatin/paclitaxel followed by veliparib
maintenance. Clinical benefit was observed in the HRD cohort (median PFS
31.9 months in veliparib throughout vs. 20.5 months in control group, p G
0.001), while no benefit was seen in HRD BRCA-wildtype or HR-proficient
subgroups [37]. Veliparib is not currently commercially available.

Based on the results of these studies, olaparib is approved for upfront
maintenance in patients with BRCA 1/2 mutations, while niraparib is approved
for all women regardless of BRCA status.

PARPi, though generally well tolerated by patients, have class-specific ad-
verse events (AEs). The most common include fatigue, anemia, neutropenia,
thrombocytopenia, persistent cytopenias, and nausea. Less common AEs in-
clude vomiting, diarrhea, headache, elevation of liver enzymes, increased cre-
atinine, pneumonitis, and increased risk of leukemia [3]. Because PARP inhib-
itors are daily, continuously administered agents, it is important to pay atten-
tion to low-grade AEs. Any grade 2 AE that requires a dose hold should be
followed by a dose reduction.

PARP inhibitor therapy remains under investigation for endometrial and
cervical cancers.

Hormonal Therapy
Estrogen and Progesterone Receptor-Directed Therapy

Many endometrial cancers express estrogen (ER) and progesterone (PR)
receptors. It is known that estrogen-based hormonal therapy increases
the incidence of endometrial hyperplasia and cancer, while progesterone
is an important inducer of endometrial differentiation and an inhibitor
of carcinogenesis mediated through estrogen [5]. For appropriately
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selected patients with grade 1 disease confined to the endometrium who
desire a fertility sparing treatment approach, a continuous progestin-
based therapy such as megestrol, medroxyprogesterone, or the levonor-
gestrel IUD can be considered [38–42]. A durable complete response
occurs in about 50% of patients [38].

For non-surgical candidates with uterine-confined disease of endometrioid
histology, external beam radiation therapy and brachytherapy are the preferred
treatment [42]. In these patients, hormonal therapy can be considered an initial
systemic therapy. Progesterone-based therapy, tamoxifen (selective estrogen
receptor modulator) with alternating progestational agents, and aromatase
inhibitors have been used [43–45].

The role of hormonal therapy in recurrent or metastatic disease is also
typically limited to patients with endometrioid histology. Predictors of treat-
ment response include well-differentiated tumors, expression of ER/PR recep-
tors, a long disease-free interval, and location and extent of extra-pelvic metas-
tasis. Hormonal options for these patients include progestational agents alone,
tamoxifen alone, megestrol or medroxyprogesterone acetate with alternating
tamoxifen, aromatase inhibitors, or fulvestrant (selective estrogen receptor
downregulator) [43–48].

HER2- and EGFR-Targeted Therapy
The human epidermal growth factor receptor (HER) family includes
EGFR (HER1), HER2, HER3, and HER4. HER2/neu provides critical
signaling for cancer cell growth, survival, and proliferation. Overexpres-
sion of the HER2 receptor occurs in approximately 30% of uterine
serous carcinomas (USC; TP53-mutated carcinomas) [49]. A randomized
phase II study by Fader et al investigated the addition of trastuzumab, a
humanized monoclonal antibody against HER2/neu, to carboplatin and
paclitaxel compared to carboplatin/paclitaxel alone in patients with
stages III or IV or recurrent USC [49]. The recently published final OS
analysis reported an updated median PFS favoring the trastuzumab arm
(8.0 months in control arm versus 12.9 months in the trastuzumab arm,
HR = 0.46; 90% CI, p = 0.005) [50]. OS was also greater in the
trastuzumab compared with the control arm, with medians of 29.6
months versus 24.4 months (HR = 0.58; p = 0.046) [50]. The benefit
was most significant in the stages III to IV disease group as the survival
median was not reached in the trastuzumab arm vs. 24.4 months in the
control arm (HR = 0.49; p = 0.041) [50]. Additionally, Fader et al
established that patients with 3+ HER2/neu overexpression by immuno-
histochemistry or 2+ by confirmatory FISH can likely achieve clinical
benefit with this therapeutic combination [49]. A multi-institutional
cohort study by Erickson et al found that HER2/neu positivity was
associated with a 3-fold greater risk of recurrence in early stage USC
[51].

Multiple HER2 inhibitors have been investigated for use in ovarian and
cervical cancer. However, clinical efficacy has been modest, and none are FDA
approved for use [52, 53]. Additionally, multiple studies of EGFR inhibitors
including gefitinib, erlotinib, and cetuximab alone and in combination with
chemotherapy have shown minimal activity in cervical cancer [54–57].
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The combination of hormonal therapy with targeted therapies is a novel
strategy in the treatment of certain gynecologic cancers. These combinations are
actively being assessed in ongoing clinical trials.

Immune Checkpoint Inhibition

Immunotherapy has revolutionized the field of oncology as it has be-
come a standard treatment option for many solid tumors. Immune
checkpoint inhibitors (ICI) in the form of monoclonal antibodies
against programmed death protein 1 (PD-1) (pembrolizumab, nivolu-
mab, cemiplimab), programmed death protein ligand (PD-L1) (atezoliz-
umab, avelumab, and durvalumab), and CTLA-4 (cytotoxic T
lymphocyte-associated protein) (ipilimumab) are generally well tolerated
and have an ever expanding role in the treatment of gynecologic cancers.
The PD-1/PD-L1 pathway represents an adaptive immune resistance
mechanism exerted by tumor cells in response to endogenous immune
anti-tumor activity. PD-L1 is overexpressed on tumor cells in the tumor
microenvironment. PD-L1 expressed on the tumor cells binds to PD-1
receptors on the activated T cells, which leads to the inhibition of
cytotoxic T cells [58].

Pembrolizumab gained tumor agnostic FDA approval based on its clinical
utility in mismatch repair-deficient (dMMR) or microsatellite instability-high
(MSI-H) tumors in 2017. In KEYNOTE 028, patients with PD-L1-positive solid
tumors and failure of previous therapy received pembrolizumabmonotherapy.
A 17%ORR was observed in the cervical cancer cohort, 13% in the endometrial
cancer cohort, and 11.5% in the ovarian cancer cohort [59–61].

The prevalence of MSI high tumors may be as high as 40% in endometrial
cancer [62]. Preliminary results from a phase II study evaluating the efficacy of
pembrolizumab in nine patients with recurrent or persistent endometrial cancer
with dMMR suggested an ORR of 56% and 12-month OS rate of 89% [63].
Additionally, the endometrial cancer cohort of the phase II, KEYNOTE 158 trial
(single-agent pembrolizumab in patients with histologically confirmed MSI-H/
dMMR disease), had an ORR of 57.1%, and median OS was not reached [64].
For endometrial cancer patients without microsatellite stable (MSS) disease,
KEYNOTE 146 assessed the activity and safety of lenvatinib, an oral multikinase
inhibitor, plus pembrolizumab in patients with biomarker-unselected ad-
vanced endometrial cancer. The objective response rate (ORR) was 39.6%.Most
patients had MSS disease. These results led to the accelerated FDA approval of
this combination for advanced or recurrent endometrial cancer with MSS
disease in September 2019 [65]. An ongoing phase III trial, KEYNOTE 775, is
investigating lenvatinib + pembrolizumab vs. physician’s choice chemotherapy
in patients with advanced endometrial cancer with progression after one prior
platinum-based therapy (NCT03517449). Additional ongoing clinical trials are
aimed at the combination of immunotherapies with other anti-angiogenics and
chemotherapies.

Despite the fact that EOC has a high prevalence of tumor-infiltrating lym-
phocytes (TILS) (approximately 50%) at diagnosis and a known resistance
mechanism using the PD-L1 pathway, response rates to monotherapy ICI are
poor, ranging from 6 to 22% [61, 66–70]. Strategies to overcome the
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immunosuppressive microenvironment of the tumor include combination
therapy. A select list of clinical trials that investigate the efficacy immunotherapy
with PARPi, anti-angiogenic agents, or both is listed in Table 2.

The results from GOG 3015, a phase II trial of carboplatin/paclitaxel +
bevacizumab with or without atezolizumab for newly diagnosed stage III/IV
ovarian cancer, found that the addition of atezolizumab did not significantly
improve PFS in the intention to treat (18.4 months with placebo vs. 19.5
months with atezolizumab) or PD-L1-positive population (18.5 vs. 20.8
months) [72].

Immunotherapy is of interest for cervical cancer due to the immunogenic
nature of human papilloma virus (HPV) integration and persistence.

Table 2. Phase II/III trials evaluating immunotherapy combination strategies in gynecologic cancer

Agent Patient population Results
Anti-angiogenesis + immunotherapy

IMaGyn/GOG 3015 [71] Chemotherapy/bevacizumab
± atezolizumab

Ovarian cancer, first line ITT PFS 18.4mo
(placebo) vs.
19.5mo
(atezolizumab), NS

ATALANTE Chemotherapy/bevacizumab
± atezolizumab

Ovarian cancer,
platinum sensitive

Ongoing

NRGY009 Doxil ± bevacizumab ±
atezolizumab

Ovarian cancer,
platinum resistant

Ongoing

NCT03526432 Bevacizumab + atezolizumab Endometrial cancer,
recurrent

Ongoing

NCT03367741 Nivolumab ± cabozantinib Endometrial cancer,
recurrent

Ongoing

PARPi + immunotherapy

ENGOT-ov43/GOG 3036 Chemotherapy vs. chemotherapy
/pembrolizumab vs.
chemotherapy/pembrolizumab
+ olaparib maintenance

Ovarian cancer,
first line

Ongoing

ENGOT-ov44/FIRST Chemotherapy + niraparib
maintenance vs. chemotherapy
/dostarlimab + niraparib/do
starlimab maintenance

Ovarian cancer, first line Ongoing

ATHENA/GOG
3020/ENGOT-ov45

Rucaparib + nivolumab vs. rucaparib
vs. nivolumab vs. placebo

First line maintenance Ongoing

ENGOT-ov41/ANITA Chemotherapy + niraparib
maintenance vs. chemotherapy
/atezolizumab + niraparib
/atezolizumab maintenance

Ovarian cancer, platinum
sensitive

Ongoing

Anti-angiogenesis +
PARPi + immunotherapy

ENGOT-ov46/DUO-O Chemotherapy/bevacizumab
/durvalumab + bevacizumab
/olaparib/durvalumab maintenance

Ovarian cancer, first line Ongoing

ITT intention to treat, PFS progression-free survival, NS not significant
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Unfortunately, responses to ICI monotherapy have been modest. In KEYNOTE
158, single-agent pembrolizumab in recurrent or metastatic cervical cancer
resulted in an ORR of 14.6% in PD-L1-positive tumors [73]. The median
duration of response was not reached. Due to the limited number of efficacious
treatment options for this patient population, durable responses seen in re-
sponders from KEYNOTE 158 led to FDA approval of pembrolizumab for
patients with recurrent or metastatic cervical cancer with PD-L1-positive tumors
in June 2018.

AE’s associated with ICIs are known as immune-related AEs (irAEs).Most are
mild to moderate in severity, but vigilance is necessary to recognize subtle signs
of toxicity. The most commonly reported AEs are fatigue, pruritus/rash, diar-
rhea/colitis, autoimmune hepatitis, and endocrinopathies including thyroid
dysfunction and hypophysitis [64, 74]. Pneumonitis is an irAE unique to PD-
1/PD-L1 inhibition that is not often seen with CTLA-4 inhibition [74].

The future of immunotherapy in the treatment of gynecologic cancer is
identifying synergistic combinations and predictive biomarkers. The biomark-
ers with the most evidence are PD-L1 expression, tumor mutational burden,
and immune gene expression profile signatures [74]. The role of tumor-
infiltrating lymphocytes as a predictive biomarker in gynecologic cancer is also
under investigation.

Looking Towards the Future
Tisotumab Vedotin

Tisotumab vedotin is an investigational antibody drug conjugate (ADC) direct-
ed to tissue factor, which is a cell-surface protein associated with tumor growth,
angiogenesis, metastasis, and poor prognosis. Results from the multicenter
innovaTV 204/GOG-3023/ENGOT-cx6 phase II, single-arm trial of Tisotumab
vedotin in patients with previously treated advanced or recurrent cervical can-
cer, showed a 24% ORR including 7 patients (7%) with a complete response
and 17 patients (17%) with a partial response [75]. After a median follow-up of
10 months, the median duration of response was 8.3 months [75]. Based on the
results of this study, an application for accelerated FDA approval of Tisotumab
vedotin was submitted in February 2021.

Tumor-Infiltrating Lymphocytes (TILs)
The presence of T cells in the tumor microenvironment is associated with better
response to chemotherapy and improved survival in EOC [76]. Adoptive cell
therapy (ACT) with tumor-infiltrating lymphocytes (TIL) is the infusion of
autologous T cells obtained from the tumor microenvironment of the individ-
ual patient. The T cells are then expanded and activated in vitro before reinfu-
sion. This treatment has been successful in malignant melanoma with response
rates ranging from 40 to 70% and durable responses in up to 20% [77].
Multiple early studies have demonstrated the potential of ACT in ovarian cancer
[78, 79]. More recently, a study of six patients with recurrent high-grade serous
ovarian cancer received immune therapy consisting of ipilimumab followed by
surgery to obtain TILs and infusion of expanded TILs, low-dose IL-2, and
nivolumab [76]. Regression of target tumor lesions was observed in all patients,
and two patients achieved a partial response.
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TIL treatment of HPV-positive cervical cancer has also shown promising
clinical efficacy. Stevanovic et al reported objective tumor responses in 5 of 18
(28%) patients with recurrent cervical cancer with two complete responses
ongoing at 67 and 53 months after treatment [80].

Therapeutic Vaccines
Multiple therapeutic vaccines have been the subject of clinical trials and con-
tinue to be actively explored in combination with other targeted therapies.
Cervical cancer therapeutic vaccines aim to eradicate HPV-infected cells by
stimulating cytotoxic T cells against the tumor/viral antigens. The HPV E6 and
E7 oncoproteins are expressed in HPV-associated cancers and are ideal targets
for a therapeutic vaccine. Axalimogene filolisbac (ADXS11-001) is a live, atten-
uated, listeria monocytogenes bacterial vector secreting HPV-16 E7 which is
under active investigation for treatment of HPV-associated malignancies [9].
ADXS11-001 was explored as a monotherapy in the phase II GOG/NRG0265
trial in patients with persistent/recurrent cervical cancer. Results from 26 pa-
tients showed a 12-month OS rate of 38.5%, indicating possible therapeutic
activity in this population [81].

Therapeutic vaccines are also being investigated for patients with EOC. These
trials have found that systemic specific T cell and antibody responses can be
induced. One study by Tanyi et al used a personalized vaccine generated by
autologous dendritic cells pulsed with oxidized autologous whole-tumor cell
lysate. The vaccine was then injected into selected lymph nodes of patients with
recurrent ovarian cancer either alone or in combination with bevacizumabwith
or without low-dose cyclophosphamide. This study demonstrated that this safe
and tolerable combination elicited antitumor immunity, which was associated
with improved survival [82]. Another phase Ib study evaluated DPX-Survivac, a
vaccine containing a mix of HLA class I peptides designed to evoke a T cell
response against survivin which is expressed in gynecologic malignancies. The
vaccine was given in combination with metronomic cyclophosphamide and
epacadostat [83]. Partial responses were observed in 30%, and stable disease
was observed in 50% of the 32 patients. A phase II study investigated the use of
dendritic cell vaccine (DCVAC) with platinum-based chemotherapy vs. chemo-
therapy alone in patients with recurrent epithelial ovarian. DCVAC + chemo-
therapy decreased the risk of death by 62% which corresponds to 73% survival
at 2 years, compared to 41% survival with chemotherapy alone [84].

Countless other targeted therapies are being investigated in early-phase trials
for use in gynecologic cancer. These include, but are not limited to, PI3K/AKT/
mTOR pathway inhibitors, MEK inhibitors, JAK/STAT inhibitors, Wee1 inhib-
itors, and ADCs. Discussion of these agents in detail is beyond the scope of this
review.

Conclusion

In the era of precision medicine, there is a focus on understanding the molec-
ular and immunologic features of tumorigenesis. This in turn has led to the
development of targeted therapies that have revolutionized cancer care. Though
there has been recent success in treatment of gynecologic cancer with agents
such as PARPi, numerous challenges remain. Many of the treatments discussed
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have limited efficacy as single agents, so clinical trials investigating combination
therapies are necessary. In addition, continued identification and validation of
predictive biomarkers is critical to ensure careful patient selection. Financial
toxicity is also an important consideration as these agents become widely
available for our patients. Despite these challenges, precision care has been a
long-sought-after goal which is starting to become reality for patients with
gynecologic cancer.
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