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Abstract

Cervical cancer constitutes a significant health burden for women globally. While most patients
with early-stage disease can be cured with radical surgery or chemoradiotherapy, patients with
high-risk locally advanced disease or with recurrent/metastatic disease have a poor prognosis
with standard treatments. Immunotherapies are a rational treatment for this HPV-driven cancer
that commonly expresses programmed cell death ligand-1. Before 2021, pembrolizumab was
the only United States Food and Drug Administration-approved immunotherapy in cervical
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cancer, specifically for the second-line recurrent or metastatic (r/m) setting. In late 2021, the
antibody-drug conjugate tisotumab vedotin was approved for second-line r/m cervical cancer

and pembrolizumab combined with chemotherapy + bevacizumab was approved for first-line

r/m disease based on results from KEYNOTE-826. Moreover, with at least 2 dozen additional
immunotherapy clinical trials in the second-line and first-line r/m setting, as well as in locally
advanced disease, the treatment landscape for cervical cancer may eventually encounter a potential
paradigm shift. Pivotal trials of immunotherapies for cervical cancer that were recently approved
or with the potential for regulatory consideration through 2024 are reviewed. As immunotherapy
has the opportunity to establish new standards of care in the treatment of cervical cancers, new
biomarkers to identify the ideal patient populations for these therapies may also become important.
However, issues with access, affordability, and compliance in low- and middle-income countries
are anticipated.
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Introduction

Cervical cancer is preventable and treatable, yet remains a significant global health

burden. In 2020, it was the fourth most diagnosed cancer and the fourth leading cause

of cancer-related deaths in women [1]. The burden of disease is disproportionally felt by
low- and middle-income countries (LMICs), with highest incidence and mortality rates
occurring in Africa, Melanesia, South America, South East Asia, and South Central Asia
(age-standardized rate per 100,000: incidence, 15.3-40.1; mortality, 7.8-28.6) [1]. By 2070,
effective implementation of screening, HPV vaccination, and scale-up of treatment facilities
are estimated to reduce the mortality rate by up to 92% in LMICs [2]. In most developed
countries, screening and vaccination (note that Japan suspended recommendation of HPV
vaccination in 2013 and reinstated it in 2022 [3]) have reduced the incidence of cervical
cancer and patients are often treated at early stages with high survival rates. However,
socioeconomic factors may contribute to disparity of cervical cancer incidence and mortality
within developed nations.

Appropriate staging is important for diagnosis, with the International Federation of
Gynecology and Obstetrics (FIGO) 2018 recommendations considered the standard
internationally (Fig. 1) [4]. Early-stage disease comprises small tumors limited to the
cervix or with minimal invasion beyond the uterus (stage IA-IB2, 11A1). Locally advanced
cervical cancer (LACC; stage 1B3, 11A2-1VA) includes larger tumors with invasion spanning
to adjacent tissues and pelvic organs and any size tumor with lymph node involvement.
Metastatic spread to distant organs is stage IVB. In many countries, cervical cancer is
mainly diagnosed at stage 1/11 [5-9]; however, some countries (eg, LMICs) report the
majority of diagnoses at stage 111/1V [9-12]. Metastatic disease at initial diagnosis is rare
(~2% of cases) [4]; it more commonly presents as recurrence in the pelvic or para-aortic
regions after treatment for earlier-stage disease.
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For patients with recurrent or metastatic cervical cancer (r/fmCC) who cannot receive
curative intent surgery or radiotherapy, platinum-based chemotherapy with bevacizumab,
if not contraindicated, is standard [13,14]. This regimen provides a median overall survival
(OS) of 14.3-18.3 months [15,16], and, until recently, there was little benefit with second-
line systemic therapies.

Patients with LACC treated with curative intent have a better prognosis than those with r/
mCC. Chemoradiotherapy (CRT) became the standard of care for LACC in 1999, providing
significant improvement in disease-free survival (DFS) and OS over radiotherapy alone [17];
intracavitary brachytherapy following CRT further improved outcomes and is considered a
critical component of CRT [4,18]. Despite definitive CRT, patients with LACC experience 5-
year DFS and OS of 47-80% [19-21], with poorer survival for stage 111B/IVA or with nodal
involvement [21,22]. Recent attempts to enhance CRT have experienced setback; addition of
adjuvant chemotherapy to CRT did not improve survival in the phase 111 OUTBACK trial
[23].

Immunotherapy is a promising emerging option supported by multiple findings. First, nearly
all cases of cervical cancer arise after persistent infection with a high-risk HPV subtype
[24]. Integration of HPV E6 and E7 viral oncoproteins into the cellular genome allows for
their unregulated expression, creating a conducive environment for further genetic mutations
related to tumor cell survival and immune escape [25]. This immune system suppression

is a key step in development of cervical cancer. Second, programmed cell death ligand-1
(PD-L1) is widely expressed in the tumor microenvironment [26]. Third, the presence or
absence of tumor-infiltrating immune cells has prognostic significance in cervical cancer
[27]. Finally, with respect to treatment for LACC, radiotherapy increases antigen generation
and presentation, T-cell priming, dendritic activation, as well as levels of pro-inflammatory
cytokines [28], and small clinical trials of radiotherapy-based treatment combined with
immunotherapy show promise [29,30].

Immunotherapies that directly target cervical cancer and provide innate antitumor effects
as well as those that function to reactivate the immune system against cervical tumors are
under investigation. In June 2018, pembrolizumab was the first immunotherapy to receive
US Food and Drug Administration (FDA) accelerated approval as second-line treatment for
patients with PD-L1-positive persistent or r/mCC. In 2021, two additional FDA approvals
were granted: tisotumab vedotin for second-line r/mCC and pembrolizumab combined with
chemotherapy + bevacizumab for first-line PD-L1-positive persistent or r/mCC. With at
least 2 dozen additional immunotherapies in clinical trials (Table 1) [31-39], the treatment
landscape for cervical cancer is on the verge of a paradigm shift. Multiple compounds are
in various stages of development that examine the potential for improvement in efficacy
and safety in different treatment lines and cervical cancer stages. With many of these in
early stages, specific advantages and risks for these treatments remain to be seen. Here we
review pivotal trials of immunotherapies that were recently approved or have the potential
for regulatory consideration through 2024 (Fig. 2) [39,40] and discuss biomarkers and
histologic type in relation to immunotherapy, as well as anticipated challenges.
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Key clinical trials of immunotherapy for cervical cancer

Second-line therapies for recurrent or metastatic cervical cancer

Numerous immunotherapies or immunotherapy combinations are under evaluation for
second-line or greater treatment of r/mCC, with one antibody-drug conjugate FDA-approved
in September 2021 (Table 2) [31,34,37,39,41-45].

Cadonilimab

Cadonilimab (AK104) is a first-in-class anti-programmed cell death-1 (PD-1)/cytotoxic
T-lymphocyte-associated antigen-4 (CTLA-4) bispecific monoclonal antibody being studied
as monotherapy for patients with r/mCC after failed platinum-based chemotherapy. It
received FDA fast-track and orphan drug designation as well as China’s National Medical
Products Administration (NMPA) breakthrough therapy designation [46]. The pivotal trial
is a phase 11, single arm study of cadonilimab monotherapy in patients with previously
treated r/mCC. Results showed 33.0% objective response rate (ORR) in 100 patients treated
with cadonilimab (12.0% complete response) [39]. Patients considered PD-L1-positive (n

= 64) had an ORR of 43.8%. Unpublished results from an August 2021 Akesobio investor
meeting [40] were submitted in a new drug application to the China NMPA in September
2021 [47]. A second registrational trial in China (NCT04868708) is anticipated to complete
its primary endpoint in April 2022 and a phase 11 trial in China of cadonilimab versus
placebo combined with platinum-based chemotherapy * bevacizumab for first-line persistent
or r/mCC started in July 2021 (NCT04982237).

Cemiplimab

Cemiplimab is a high-affinity, hinge-stabilized, human anti-PD-1 1gG4 monoclonal antibody
[48]. EMPOWER-Cervical 1/GOG-3016/ENGOT-cx9 is a phase I11, open-label, randomized
study of cemiplimab versus investigator’s choice chemotherapy in 608 patients with r/mCC
that progressed after first-line platinum-based treatment. The trial stopped early due to

the significant benefit of cemiplimab therapy. After discussions with the FDA regarding
additional post-marketing studies, cemiplimab company sponsors voluntarily withdrew an
FDA biologic license application in January 2022, though regulatory submissions outside of
the US are being considered [43].

Median OS in the overall population (N = 304 for both arms) was 12.0 months with
cemiplimab vs 8.5 months with chemotherapy (hazard ratio [HR], 0.69; £< 0.001) and
ORR was 16.4% cemiplimab vs 6.3% chemotherapy [37]. Progression-free survival (PFS)
in the overall and squamous cell carcinoma (SCC) populations also favored cemiplimab

(2.8 vs 2.9 months for both populations; overall: HR, 0.75, < 0.001; SCC: HR, 0.71, P<
0.001). Prespecified subgroup analysis favored cemiplimab over chemotherapy regardless of
histology or Eastern Cooperative Oncology Group status, as well as for patients from Asia
or regions other than North America, for those who had prior bevacizumab, or who received
1 prior line of therapy for r/mCC.

Treatment-related adverse events (AEs) occurred in 56.7% of patients receiving cemiplimab
(n =300) vs 81.4% receiving chemotherapy (n = 290), and no new toxicities were observed
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[37]. While the rate of treatment-related AEs of = grade 3 was lower for cemiplimab (14.7%
vs 40.3%), discontinuations due to any grade treatment-related AEs were more frequent
(5.7% vs 3.4%). In both overall and SCC populations, treatment with cemiplimab resulted
in statistically significant improvement in patient-reported global health status/quality of
life and physical functioning scores versus chemotherapy, as well as clinically meaningful
benefit in role functioning, pain, and appetite loss [37].

Geptanolimab

Geptanolimab (GB226) is an anti-PD-1 monoclonal antibody. The ongoing phase 1 pivotal
trial, Gxplore-008, is evaluating the efficacy, safety, and immunogenicity of geptanolimab
for second-line or later treatment of patients with PD-L1-positive r/mCC. Approximately 80
patients from China will be enrolled. The primary endpoint is ORR, which is estimated for
completion in December 2021.

Zimberelimab

Zimberelimab (GLS-010) is a novel, fully-human anti-PD-1 monoclonal antibody being
investigated as monotherapy for patients with PD-L1-positive (combined positive score
[CPS] = 1) r/mCC that failed = 1 prior chemotherapy regimen. It received China’s NMPA
breakthrough therapy designation in March 2021 [49]. The phase |1 registrational trial is
enrolling approximately 89 patients, and primary endpoint (ORR) completion is expected in
May 2022. In an interim analysis of 41 evaluable patients (April 2, 2020; median follow-up
5.2 months), investigator-assessed ORR was 27% and median DoR was not reached [45].
Treatment-related AEs = grade 3 were experienced by 17 of 45 patients (38%), and 1 patient
discontinued due to an AE [45].

Balstilimab + zalifrelimab

Balstilimab (bal) is a fully-human anti-PD-1 antibody. Zalifrelimab (zal) is a fully-human
anti-CTLA-4 antibody. The bal + zal combination received FDA fast-track designation

for r/mCC in March 2020. In final results from the phase Il study, C-550-01, the ORR

and median DoR were 25.6% and not reached for 125 patients who relapsed after one

prior platinum-based treatment for r/mCC [35]. At a median follow up of 21.0 months,
median PFS and OS were 2.7 and 12.8 months. Hypothyroidism (16.8%), diarrhea (14.2%),
and fatigue (11.6%) were the most frequent treatment-related AEs, and 20% of patients
experienced = grade 3 treatment-related AEs. Toxicities were manageable as only 12.3% and
7.7% of patients had a treatment-related AE resulting in dose interruption or discontinuation.

RaPiDS is the ongoing pivotal, phase Il randomized trial assessing the safety and efficacy
of second-line bal monotherapy and bal + zal in patients with previously treated r/mCC.
Approximately 200 patients from the United States, Mexico, Korea, Taiwan, and Thailand
will be enrolled, and the trial is expected to complete in December 2022. The primary
endpoint is ORR.

Nivolumab + ipilimumab

Combination therapy with anti-PD-1 antibody nivolumab, and anti-CTLA-4 antibody
ipilimumab, is approved for treatment of several solid tumors [50]. In the Checkmate 358
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study, nivolumab was tested alone and in combination with other anticancer agents for
treatment of virus-associated tumors. Interim results were presented at ESMO 2019 for 2
regimens of nivolumab + ipilimumab (combo A: nivolumab 3 mg/kg Q2W + ipilimumab

1 mg/kg Q6W; combo B: nivolumab 1 mg/kg + ipilimumab 3 mg/kg Q3W (four doses),
then nivolumab 240 mg Q2W) in 91 patients with HPV + or HPV status unknown r/mCC
who were untreated or had failed up to two prior systemic therapies [42]. Patients who were
not previously treated had numerically higher ORRs with both regimens (combo A and B
untreated: 32% and 46%; previously treated: 23% and 36%). This trend was also evident
with median PFS and OS (PFS combo A and B untreated: 13.8 and 8.5 months; previously
treated: 3.6 and 5.8 months; OS untreated: not reached for both; previously treated: 10.3 and
25.4 months). The safety profile of both combinations was consistent with other indications.
Primary endpoint completion was expected September 2021, but the results have not yet
been published.

IBI-310

Sintilimab is a fully-human anti-PD-1 IgG4 monoclonal antibody. IBI-310 is a biosimilar
of ipilimumab. The ongoing phase Il pivotal, randomized, double-blind trial is evaluating
efficacy and safety of sintilimab + IBI-310 versus sintilimab + placebo in patients with
r/mCC who failed prior platinum-based chemotherapy. Approximately 174 patients from
China will be enrolled with completion expected in November 2023. The primary endpoint
is ORR.

Camrelizumab + famitinib

Camrelizumab is a humanized anti-PD-1 1gG4 monoclonal antibody. Famitinib is a receptor
tyrosine kinase inhibitor targeting c-Kit, vascular endothelial growth factor receptor-2 and
-3, platelet-derived growth factor receptor, FMS-like tyrosine kinase-3 receptor, and Ret
[51,52]. The combination received China’s NMPA breakthrough therapy designation [53].
The ongoing phase 11, pivotal, randomized trial (SHR-1210-11-217) is evaluating the efficacy
and safety of camrelizumab alone or in combination with famitinib versus chemotherapy

in patients with r/mCC who failed prior platinum-based treatment. Approximately 250
patients from China will be enrolled. The dual primary endpoints are PFS for camrelizumab
+ famitinib versus camrelizumab alone and OS for camrelizumab + famitinib versus
chemotherapy. Primary endpoint completion is estimated for April 2022.

Tiragolumab + atezolizumab

The inhibitory receptor, TIGIT (T-cell immunoreceptor with immunoglobulin and ITIM
domains), is involved in dampening adaptive and innate immune responses to tumors

and is being pursued as an immunotherapy target for multiple solid tumors [54]. Its
expression has been observed in cervical cancer tumor infiltrating lymphocytes (TILs) [55].
In the ongoing phase 11, international SKYSCRAPER-04 study, the safety and efficacy

of the combination of tiragolumab (anti-TIGIT antibody), with atezolizumab (anti-PD-L1
antibody), or atezolizumab monotherapy is being evaluated in patients with PD-L1-positive
r/mCC that progressed after = 1 chemotherapy regimen. Enroliment completed in July 2021
with 172 patients. The primary endpoint of ORR is expected in July 2023.
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Lifileucel

Lifileucel (LN-145) is an adoptive cell therapy, whereby TILs are harvested from the patient,
expanded ex vivo, then infused after non-myeloablative lymphodepletion. Lifileucel received
FDA breakthrough designation in 2019 [56] based on interim data from the ongoing phase

Il innovaTIL-04 (C-145-04) trial, which evaluated the efficacy and safety of lifileucel in

27 patients with persistent or r/mCC who had at least one prior line of chemotherapy
[34,56]. At median follow-up of 7.4 months, ORR was 44.4%, disease control rate (DCR)
was 85.2%, and the median DoR was not reached. Adverse events were consistent with

the underlying advanced disease, lymphodepletion, and IL-2 regimens. The most common
grade 3/4 AEs included anemia (55.6%), thrombocytopenia (44.4%), neutropenia (29.6%),
and febrile neutropenia (29.6%). AE frequency was highest within ~ 12 days of receiving
treatment, and was fairly infrequent afterward [34]. Primary endpoint completion is expected
in December 2021.

Tisotumab vedotin

Tisotumab vedotin (TV) is a tissue factor-directed antibody-drug conjugate that releases

the microtubule-disrupting agent monomethyl auristatin E (MMAE) after internalization
into the target cell, which leads to cell cycle arrest and apoptotic cell death. MMAE may
also leave the target cell and enter and kill neighboring tumor cells, known as bystander
cytotoxicity [31]. In September 2021, TV was granted FDA accelerated approval to treat
patients with r/mCC with disease progression on or after chemotherapy [44]. This is the
first approved antibody-drug conjugate for cervical cancer. Approval was based on the
pivotal phase Il, single arm innovaTV 204/GOG-3023/ENGOT-cx6 trial [31]. After 10
months’ median follow-up of 101 women with previously treated r/mCC, the confirmed
ORR was 24% and median duration of response (DoR) was 8.3 months. The most common
treatment-related adverse events included alopecia, epistaxis, hausea, conjunctivitis, fatigue,
and dry eye. Treatment-related serious and grade > 3 AEs occurred for 13% and 28% of
patients, respectively. A confirmatory phase Il1 trial of TV versus chemotherapy for second-
or third-line r/mCC was initiated in February 2021 (NCT04697628).

TV is also under investigation in combination with pembrolizumab for previously-treated
r/mCC in a phase Il study (innovaTV 205/ENGOT-cx8/GOG-3024) [57]. After median
follow-up of 13 months, confirmed response rate was 38% and median DoR was 13.8
months. Forty-six percent of patients who received TV + pembrolizumab reported TV-
related > grade 3 AEs.

First-line therapies for recurrent and metastatic cervical cancer

Three immune checkpoint inhibitors (ICIs) are being tested in combination with
chemotherapy regimens + bevacizumab in phase 11 trials, with pembrolizumab approved
in October 2021 for first-line treatment of PD-L1-positive disease (Table 3) [32,58].

Pembrolizumab

Pembrolizumab is an anti-PD-1 antibody approved for treatment of many malignancies,
including for PD-L1-positive (CPS = 1) r/mCC that progressed on or after chemotherapy
[59]. In October 2021, the FDA approved pembrolizumab combined with platinum-based
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chemotherapy + bevacizumab as first-line treatment for patients with PD-L1-positive
persistent or r/mCC (CPS = 1) based on the first interim analysis of the phase Ill
KEYNOTE-826 study [58].

Patients were randomized to receive pembrolizumab 200 mg (N = 308) or placebo (N =
309) every 3 weeks for up to 35 cycles + chemotherapy, with bevacizumab used at the
investigator’s discretion [32]. Coprimary endpoints of PFS and OS were tested sequentially
in the PD-L1 CPS = 1 population, the intention-to-treat (ITT) population, and the PD-L1
CPS = 10 population. PFS was significantly longer in the pembrolizumab versus placebo
arms in patients with PD-L1 CPS = 1 (median 10.4 vs 8.2 months; HR, 0.62; £< 0.001),
the ITT population (10.4 vs 8.2 months, respectively; HR, 0.65; £< 0.001), and the PD-L1
CPS =10 group (10.4 vs 8.1 months; HR, 0.58; £< 0.001). Likewise, OS at 24 months
was significantly longer in the pembrolizumab versus placebo groups among the three
populations.

The safety profile in KEYNOTE-826 was consistent with known profiles of the individual
therapies [32]. Discontinuations due to AEs were slightly higher with pembrolizumab (any
agent: pembrolizumab 37.5% vs placebo 26.5%; all agents: 5.9% vs 4.9%). Adverse events
that occurred in at least 10% of patients in the pembrolizumab arm included hypothyroidism
(pembrolizumab 18.2% vs placebo 9.1%) and decreased white cell count (12.1% vs 7.1%).
Overall, combination treatment did not intensify known toxicities associated with each
agent. Patient-reported quality of life was improved or stable for more patients who received
pembrolizumab versus placebo (78.3% vs 71.7%).

Prolgolimab (BCD-100) is an anti-PD-1 antibody with an Fc-silencing LALA mutation
that is approved in Russia for the treatment of unresectable or metastatic melanoma

[60]. The efficacy and safety of prolgolimab versus placebo in combination with platinum-
based chemotherapy (cisplatin or carboplatin + paclitaxel) + bevacizumab in patients with
untreated r/mCC is being investigated in the ongoing phase 111 FERMATA trial. The trial is
being conducted in China, Georgia, Russia, and Turkey, and aims to enroll approximately
316 patients with SCC histology. The primary endpoint is OS, which is estimated for
completion in December 2024.

Atezolizumab

The ongoing, pivotal phase 111 BEATcc/ENGOT-Cx10/GEICO-68-C/JIGOG-1084/
GOG-3030 study is evaluating atezolizumab versus placebo in combination with a platinum-
based chemotherapy regimen (cisplatin or carboplatin + paclitaxel + bevacizumab) for
patients with untreated r/mCC [61]. Approximately 404 patients from Europe, Japan, and the
United States were planned for enrollment; recruitment was completed in September 2021.
The primary endpoint is OS, which is estimated for completion in March 2023.

Locally advanced cervical cancer

Three immunotherapies in combination with CRT or radiotherapy are in phase 111 studies
with primary endpoint data expected to be published between 2022 and 2024 (Table 4) [62].
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Pembrolizumab

Durvalumab

Z-100

The phase 111 KEYNOTE-A18/ENGOT-Cx11 study is evaluating pembrolizumab versus
placebo given during and after CRT for treatment-naive LACC [63]. Patients must have
stage 1B2-11B lymph node positive disease or stage 111-1\VVA disease + lymph node
involvement per FIGO 2014 staging criteria. Approximately 980 patients from 30 countries
across North America, South America, Europe, Asia, and Australia will be enrolled. The
co-primary endpoints are PFS per investigator assessment and OS, with final data expected
in February 2024.

Early safety data from a small phase Il study of pembrolizumab given either during or
after CRT for LACC support the safety and feasibility of this combination [33]. Of 52
evaluable patients, 88% experienced > grade 2 treatment-related AEs; 11 patients had at
least one grade 4 AE, 23 had at least one grade 3 AE, and no grade 5 AEs were reported.
Median follow-up was 4.8 months. Common AEs of clinical concern considered related
to pembrolizumab included diarrhea, nausea, and vomiting. All patients who received
pembrolizumab during CRT completed cisplatin therapy.

Durvalumab is a human anti-PD-L1 IgG1xk monoclonal antibody approved for use in
NSCLC and extensive-stage small cell lung cancer [64]. In locally advanced NSCLC,
durvalumab given as consolidation therapy after CRT improved outcomes compared with
placebo (median PFS: 16.8 months vs 5.6 months; ongoing response for 72.8% vs 46.8%

of patients at 18 months) [65]. In the phase 111 CALLA study, the efficacy and safety of
durvalumab versus placebo given during and after CRT was investigated in immunotherapy-
naive patients who had no prior treatment for LACC [66]. Patients had high-risk LACC,
defined as stages 1B2-11B disease with lymph node involvement or stages I11A-IVA + lymph
node involvement according to FIGO 2009 staging criteria. Enrollment completed in January
2021 with 770 patients from 15 countries across North America, South America, Europe,
Asia, and Africa. In March 2022, it was announced that the trial did not achieve statistical
significance for the primary endpoint of PFS [62].

Z-100 is an immunomodulatory extract from Mycobacterium tuberculosis strain Aoyama
B used in Japan to treat leukopenia resulting from radiotherapy [67]. In a preclinical
mouse model, Z-100 in combination with radiation augmented the antitumor effects of
X-ray irradiation by inhibiting pulmonary metastasis and prolonging survival [67]. Z-100
also improved helper T-cell response from a type 2-dominant to a type 1-dominant state
via upregulation of interferon-y and IL-12, suggesting the potential to suppress tumor
metastasis in preclinical studies [68,69].

In an earlier placebo-controlled, phase Il trial of Z-100 in combination with radiotherapy or
CRT (collectively referred to as RT) for patients with stage 11B-1\VVA cervical cancer, Z-100
did not provide a statistically significant improvement of 5-year OS compared with placebo
(75.7% vs 65.8%; HR, 0.65, £=10.07), and did not differ in recurrence-free survival [70].
However, there was an OS benefit for patients with stage 111 disease treated with Z-100 (HR,
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0.51; P=0.03). A phase Ill, placebo-controlled trial of Z-100 plus radiotherapy for patients
with treatment-naive stage 1B (FIGO 2008) LACC was initiated in December 2014. The
study is being conducted in seven countries within Asia. The trial has completed enrollment
and the expected date for primary endpoint completion (OS) was October 2021. Published
results are anticipated.

Are current immunotherapy biomarkers important for cervical cancer?

PD-L1 expression is commonly found in cervical cancer, although it may be influenced by
histology and etiology of disease [26,48]. For example, PD-L1-high SCC was more likely
to be HPV-18 than HPV-16 driven. PD-L1 expression may also be prognostic of survival:
patients with SCC and diffuse PD-L1 expression or PD-L1-negative disease had worse DFS
versus marginal PD-L1 expression (P=0.022 and £=0.029), and adenocarcinoma (AC)
with versus without PD-L1-positive tumor-associated macrophages was associated with
worse disease-specific survival (P= 0.014) [26].

PD-L1 expression appears to be a biomarker for response to some ICls, though responses
are seen in PD-L1-negative tumors. Approval of pembrolizumab + chemotherapy +
bevacizumab for first-line treatment of PD-L1-positive r/mCC reflects the survival benefits
driven by this patient population in KEYNOTE-826 [32]. In contrast to the phase 11
KEYNOTE-158 trial of pembrolizumab monotherapy in the second-line or later setting
where all responses were observed in patients with PD-L1-expressing tumors [71],

some of the 69 patients with PD-L1-negative tumors in KEYNOTE-826 responded to
pembrolizumab. However, there was no clear benefit in PFS (HR, 0.94) or OS (HR, 1.00).
Similarly, bal + zal elicited a higher ORR in patients with PD-L1-positive second-line
r/mCC versus the overall population (32.8% vs 25.6%), and 3 of 33 patients with PD-L1-
negative tumors responded to treatment (9.1%) [35]. In the 254 patients from EMPOWER-
Cervical 1 with valid PD-L1 samples (42% of randomized patients), survival benefits for
cemiplimab versus chemotherapy were seen only in the PD-L1-positive group (OS HR, 0.7;
PFS HR, 0.76) [37]. In the PD-L1-negative group, 5 of 44 patients responded to cemiplimab
and 4 of 48 patients responded to chemotherapy.

Microsatellite instability (MSI)-high status and tumor mutational burden (TMB) are
associated with response to immunotherapy in different cancer types; however, these
biomarkers have not been extensively studied in cervical cancer. About 4-8% of patients
with cervical cancer have MSI-high tumors [72,73], and the TMB rate is approximately 2.5
5.4 mutations/megabase [74,75]. In the KEYNOTE-158 TMB sub-analysis, 16 of 75 patients
with advanced cervical cancer had high tissue TMB (=10 mutations/megabase); 5 of the

16 patients responded to pembrolizumab monotherapy whereas 7 of the 59 non-TMB-high
patients responded [76]. The population was small and requires validation in larger studies
and with other ICls. Further exploration of the known genomic features of cervical cancer,
as reported in analysis on samples from The Cancer Genome Atlas [74], and their impact on
outcomes from completed immunotherapy studies may also provide further clues to relevant
predictive biomarkers.
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How will histology affect immunotherapy treatment for cervical cancer?

Because HPV infection and malignant transformation of the cervix occur in the
transformation zone, which is predominately composed of squamous epithelium,

SCC histology comprises about 70% of cervical cancers. Adenocarcinoma, including
adenosquamous (ASC) types, is the next most common histologic type, representing ~ 20%
of cervical cancers. Nonsquamous tumors are more likely to be PD-L1 negative [26]. Some
studies analyzing all stages of cervical cancer find AC histology is a statistically significant
negative prognostic factor for survival compared with SCC [77,78]; however, studies of
patients with LACC or r/mCC did not find a significant difference in survival between
AC/ASC and SCC [79,80]. The HR for OS was 1.02 (P= 0.69) in a propensity-matched
analysis of patients diagnosed with LACC from the SEER database 2010-2015 [79], and
the HR for death was 1.13 (P = 0.23) in patients with r/mCC treated with chemotherapy
doublets from pooled Gynecologic Oncology Group phase 111 studies [80].

Many of the immunotherapy trials discussed in this review allow for inclusion of patients
with SCC, AC, and ASC histologic types. In EMPOWER-Cervical 1, median OS was 11.1
months with cemiplimab monotherapy versus 8.8 months with chemotherapy (HR, 0.73;
P=0.006) in patients with previously treated r/mSCC, and 13.3 versus 7.0 months in
those with AC (HR, 0.56; P-value not given) [37]. Bal + zal elicited an ORR of 32.6% in
patients with r/mSCC versus 8.8% in AC [35]. The ORR with TV was similar in patients
with non-squamous (25%) and squamous (23%) r/mCC [31]. At present, the data suggest
immunotherapies may provide benefit for SCC and AC/ASC histologic types in the r/mCC
setting.

Neuroendocrine histology is an aggressive form of invasive cervical cancer occurring

in approximately 1.4% of cases [81]. Little guidance on optimal therapy exists and
patients commonly receive radiotherapy-based treatment or radical surgery combined with
neoadjuvant/adjuvant chemotherapy, with recurrence averaging 16 months after treatment
and with a mean OS duration of 40 months [81,82]. Small exploratory studies and

case reports in patients with previously treated neuroendocrine tumors exhibit positive
results with nivolumab combinations or monotherapy [83-85] and with adoptive immune
cell therapy [86], but not with pembrolizumab monotherapy [87]. Further studies of
immunotherapy in these rare tumors are needed.

Future directions

While the introduction of immunotherapies for cervical cancer may bring hope to many
patients, the fact remains that those with greatest need may not have access. Nearly 84%
of global cervical cancer cases and 88% of all deaths due to cervical cancer occur in
countries with a low human development index [88]. Countries with high disease burden
may lack sufficient access to basic treatments such as radiotherapy and/or chemotherapy.
However, even countries with sufficient resources can have underserved populations with
a higher incidence of cervical cancer and poorer outcomes. In addition to the introduction
of immunotherapies, earlier diagnosis and treatment could help improve survival and cure
rates. Concerns of affordability and compliance with immunotherapy, especially adoptive
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cell therapies, may impede immunotherapy use. Many patients may not be able to afford,
be compliant with, or tolerate multiple years of maintenance therapy, which may reduce
the effectiveness of these treatments. Furthermore, while some immunotherapies may

be considered cost effective, governmental or insurance reimbursement for a high-cost
treatment in a common disease may not be sustainable.

Understanding the toxicity of immunotherapy in a variety of ethnic groups and underserved
populations will be important to help bring therapies to these regions. Newer trials

are including patients from a variety of countries to address this [32,35,60,61,66], and
stratification by region can aid in these analyses [66].

As the field evolves, clinical trials should also be inclusive of patients with HIV, who are
at higher risk of HPV infection and are 4-5 times more likely to develop invasive cervical
cancer [89]. Most immunotherapy trials across tumor types exclude patients living with
HIV [90], though small retrospective and prospective studies show an overall acceptable
safety profile with ICIs in people with HIV and cancer [91,92]. It remains to be seen if
immunotherapy for cervical cancer is effective in this population.

Although not covered in this review, therapeutic HPV vaccines are also considered
immunotherapies and great strides in clinical development have been achieved for treating
cervical intraepithelial neoplasia and invasive cervical cancer [93]. One promising therapy,
VGX-3100, is a DNA plasmid-based medicine which provided statistically significant
regression of HPV-16/18-associated high-grade squamous intraepithelial lesions combined
with virus clearance versus placebo; virus was undetected through the 52-week safety
follow-up [94,95]. Additional phase 111 trials are ongoing [94].

Immunotherapy has the opportunity to establish new standard of cares in the treatment

of cervical cancers. Biomarkers to assess response to immunotherapy will also likely be
important to identify ideal candidates. However, issues with access, affordability, appropriate
treatment delivery, and compliance are anticipated, especially in regions with a high burden
of disease.
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Microscopic invasive carcinoma, <5 mm depth of invasion
¢ |A1: stromal invasion depth of <3 mm
e |A2: stromal invasion depth of >3-<5 mm

Early *

A0 e 18

Invasive carcinoma confined to the cervix, 25 mm depth of invasion

e |B1: stromal invasion depth of >5 mm and tumor size <2 cm
¢ |B2: tumor size >2—-<4 cm
e |B3: tumor size 24 cm

m

Carcinoma limited to upper two-thirds of the vagina
without parametrial involvement

¢ [IA1: tumor size <4 cm

e [IA2: tumor size >4 cm

Stage IIB

Carcinoma limited to upper two-thirds of the vagina with
parametrial involvement (but not up to the pelvic wall)

Stage IlIA

Carcinoma extends to the lower third of the vagina and
does not extend to the pelvic wall

Locally Advanced*

age llIB

Carcinoma extends to the pelvic wall and/or causes
hydronephrosis or nonfunctioning kidney that is not the
result of another cause

Stage IlIC

Lymph node involvement, regardless of tumor size and extent
e |lIC1: pelvic lymph nodes
¢ |lIC2: para-aortic lymph nodes

Stage IVA

Carcinoma has spread to adjacent pelvic organs

Metastatic

Stage IVB

Carcinoma has spread to distant organs

Fig. 1.

FIGO 2018 staging system for cervical cancer. *Early-stage cervical cancer includes stage
1A1-1B2 and I1A1, and locally advanced disease includes stages IB3 and I1A2-1VVA. Adapted

from Table 1 in Bhatla et al, 2018 [4].
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Second-/third-line r/m cervical cancer

Nivolumab + Camrelizumab + Balstilimab + Tiragolumab +

ipilimumab Geptanolimab famitinib zalifrelimab atezolizumab
Sintilimab +

I1BI-310

Tisotumab
vedotin®

Cadonilimab Lifileucel Cemiplimab Zimberelimab

Primary FDA Expected Expected primary FDA BLA Expected primary endpoint Expected primary
endpoint approval primary endpoint withdrawn endpoint
reached* endpoint® voluntarily

First-line r/m cervical cancer

Pembrolizumab* Atezolizumab Prolgolimab
> > >
> > >
FDA Expected primary Expected primary
approval endpoint endpoint

Locally advanced cervical cancer

Z-100 Durvalumab Pembrolizumab
> > >
> > >
Expected primary Primary endpoint Expected primary
endpoint® available endpoint

@ 2021 milestone [} 2022 milestone [ 2023 milestone [} 2024 milestone

Fig. 2.

Hgalth authority decisions and anticipated pivotal trial data for cervical cancer
immunotherapies 2021-2024. *The cadonilimab primary endpoint data were released in
an Akesobio investor presentation [40] and were presented at an academic congress [39].
TTistumab vedotin monotherapy was given accelerated approval for treatment of adult
patients with r/m cervical cancer that progressed on or after chemotherapy. $Final primary
endpoint data have not been disclosed by the study sponsor nor presented at an academic
congress or published in a peer-reviewed journal. *Pembrolizumab in combination with
chemotherapy and with or without bevacizumab was approved for patients with untreated
r/m or persistent cervical cancer that expresses PD-L1 (CPS = 1%). BLA, biologic
license application; CPS, combined positive score; FDA, United States Food and Drug
Administration; PD-L1, programmed cell death ligand-1; r/m, recurrent/metastatic.
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