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Abstract

Purpose of Review This review aims to give an insight into the currently available options for recurrent/metastatic (R/M)
cervical cancer (CC), along with the main future, potentially practice-changing perspectives in this field.

Recent Findings Improvements in terms of tumor responses were observed with the use of immune checkpoints inhibitors
(ICIs) in the previously treated CC population, followed by emerging striking data in terms of both antitumor activity and
survival rates with the addition of the ICIs to platinum-based chemotherapy with or without bevacizumab in the first-line
setting. Furthermore, the CC treatment landscape took another step forward in 2021 with the introduction of antibody—drug
conjugates (ADCs) in the second-line setting, a highly targeted therapeutic strategy, which demonstrated to be a valid alter-
native option in the recurrent setting.

Summary R/M CC is a hard-to-treat disease. However, after several years of limited systemic therapeutic options for the
recurrent setting, the year 2018 marked a turning point for R/M CC patients, with the introduction of immunotherapy in the
treatment paradigm, which completely reshaped the therapeutic armamentarium of the disease. Besides, another valuable
treatment option represented by ADCs demonstrated its efficacy in the recurrent setting, thus further widening the treat-
ment landscape for those patients. Yet, the introduction of immunotherapy in the upfront setting brought along new issues
to be addressed such as the emerging ICIs resistance and the following need for alternative options in the post-ICIs setting.
Several innovative therapeutic strategies are under investigation in ongoing clinical trials, with the aim of overcoming ICIs
resistance with the addition of immunomodulatory agents or bypassing the ICIs resistance with novel alternative drugs.

Keywords Cervical cancer - Immunotherapy - Immune checkpoint inhibitors - PD-L1; ADC

Introduction

Cervical cancer (CC) is one of the most preventable and
treatable forms of cancer, as demonstrated by the 65% reduc-
tion in CC incidence rates from 2012 to 2019 in women
between the ages of 20 and 24, who were the first to receive
the human papillomavirus (HPV) vaccine [1]. However, sur-
vival outcomes and incidence rates are highly affected by
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country-level income and education variables, especially for
the HPV-related squamous histotype, underscoring existing
global health disparities [2]. The World Health Organiza-
tion (WHO) launched the Global Cervical Cancer Elimina-
tion Initiative to eliminate CC by 2100, but more efforts in
terms of screening programs, coverage of HPV vaccination,
and expanded access to affordable treatments are required
to reach this goal [3]. The importance of the screening in
terms of early detection of disease is supported by the evi-
dence of a remarkable difference in survival rates among
the different stages of disease: 5-year overall survival (OS)
is 92% in the early stages, 65% and 17% in locally advanced
and metastatic diseases respectively, with an estimated OS
for the recurrent disease of 13 — 17 months [4]. While the
standard of care treatment for the early-stage disease remains
surgery with curative intent, the treatment paradigms for
locally advanced (concomitant chemo-radiotherapy) and
recurrent/metastatic (R/M) disease (systemic chemotherapy)
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have rapidly evolved in recent years. Indeed, despite defini-
tive chemo-radiotherapy, the 5-year disease-free survival
(DFES) of patients diagnosed with locally advanced disease
(FIGO IB2-1VA) is around 47-80% [5], and the management
of women with metastatic (FIGO stage IVB) and recurrent
disease has represented an unmet clinical need for decades.

In this context, the advent of immune checkpoint inhibi-
tors (ICIs) has reshaped the treatment paradigm for R/'M
CC management, showing unprecedented results in dif-
ferent settings. Furthermore, beyond the clinical evidence
of antitumor activity and efficacy of ICIs monotherapy in
previously treated R/M CC patients, the immunostimula-
tory properties of chemotherapy agents were leveraged to
improve responses in the frontline setting [6], and novel
immunomodulatory drugs are currently under investigation
to enhance the efficacy of ICIs. Yet, the successful introduc-
tion of immunotherapy in the treatment armamentarium for
R/M CC patients has raised new issues, such as the choice
of treatment suitable for the post-immunotherapy setting,
and the immune checkpoint resistance. In this scenario,
research is currently focusing on addressing those opening
questions, with the development of new treatment strategies,
and a more targeted angle.

Antibody drug conjugates (ADCs) represent one of the
next frontiers in the paradigm shift towards individualized
therapies in CC, as they target specific tumor-associated
antigens, with the ability to deliver anticancer drugs directly
to the tumor, thus avoiding unnecessary toxicities. Besides,
new biomarker-driven immunotherapeutic drugs are being
examined, to better select the CC population beyond the pro-
grammed death-ligand 1 (PD-L1) status, including cancer
therapeutic vaccines targeting E6/E7 oncoproteins for the
HPV-related subpopulation, and cell-based strategies target-
ing specific antigens.

In this review, we aim to provide an overview of the cur-
rent status of the medical treatment management for R/M
CC, along with an updated understanding of future perspec-
tives for this rapidly evolving field.

Rationale for Inmunotherapy in R/M CC

A robust biological rationale supports the use and devel-
opment of immunotherapeutic strategies to achieve an
antitumor activity in CC. Given the nearly universal HPV-
associated etiology, the inhibition of the immune system is
one of the crucial steps for the development of CC, due to
the well-studied mechanisms of immune escape adopted
by the HPV virus against immune-mediated clearance [7].
Additionally, high-risk E6/E7 HPV oncoproteins, respon-
sible for the HPV-driven carcinogenesis, can activate the
programmed death-1 (PD-1)/PD-L1 axis [8]. Indeed, CC is
characterized by high levels of PD-L1, which is positive in
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up to 90% of CC and is one of the immunological features
predictive for immune checkpoint blockade [9]. Based on
this evidence, the first studied ICIs in cervical cancer were
the PD-1 inhibitors, that prevents the activation of the PD-1/
PD-L1 inhibitory signal, by binding the PD-1 receptor on
T cells, and thus blocking its interaction with PD-L1 and
PD-L2 ligands, therefore preserving T cell proliferation and
cytokine production [10].

The First Step in the CC Immunotherapy
Paradigm Shift: ICls Monotherapy
in the Post-platinum Setting

Metastatic and recurrent CC is traditionally considered an
incurable disease, requiring palliative chemotherapy. A sig-
nificant step forward in defining the optimal therapy for this
setting was done in 2009 when the platinum-taxane doublet
therapy has been proven to be the backbone treatment for
CC, albeit the still disappointing response rate (RR) of 36%
and median overall survival (mOS) of 12.87 months (95%
confidence interval [CI], 10.02 to 16.76 months) [11]. A few
years later, given the evidence of HPV-mediated tumor angi-
ogenesis, through the increasing levels of HIF-1a protein,
and the upregulation of vascular endothelial growth factor
(VEGEF) [12], the anti-VEGF monoclonal antibody, beva-
cizumab, was tested in combination with platinum-based
chemotherapy [13], demonstrating increased overall sur-
vival (OS: 17.0 months vs. 13.3 months; hazard ratio [HR]
0.71; 98% CI: 0.54-0.95; p=0.004) and higher RR (48%
vs. 36%, P=0.008). Final OS at 20.8 months of follow-up
published in 2017 [14], confirmed the clinically meaning-
ful and statistically significant survival benefit among CC
patients treated with bevacizumab in addition to standard
platinum-based chemotherapy. After almost three decades
of poor OS data, this trial demonstrated for the first time a
gain in survival rates, thus setting a new milestone in the CC
treatment paradigm. After the failure of the first-line treat-
ment, available chemotherapy options have demonstrated
limited clinical activity, with objective response rate (ORR)
ranging from 4.5 to 13.7% [15]. Until 2021, no other valu-
able alternative options were found. In this scenario, given
the lack of universally accepted standard of care therapies,
the development of an alternative strategy was urgently
needed. The robust rationale behind the use of immune
checkpoint blockade to enhance the anticancer immune
response prompted researchers to investigate the effect of
IClISs in this setting (Table 1). Impressive results from clinical
trials have unleashed the first step towards a paradigm shift
in CC therapeutic management (Fig. 1).

In the phase Ib KEYNOTE 028 trial, pembrolizumab
demonstrated meaningful clinical activity in patients with
R/M CC for the first time [16], showing an ORR of 17%
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and a median duration of response (mDoR) of 5.4 months
in tumors expressing PD-L1. The phase I KEYNOTE 158
trial, enrolling patients regardless of PD-L1 status, further
confirmed the antitumor activity only in the PD-L1 sub-
group, with an ORR of 17.1% (95% CI 9.7 to 27%) in the
PD-L1 positive subgroup, and an ORR of 14.3%, 95% CI
8 to 22.8%) in the overall CC cohort (both PD-L1 posi-
tive and negative tumors) [17ee]. Based on these results,
FDA granted the accelerated approval of pembrolizumab
as second-line treatment for CC with combined positive
score (CPS)>1 in June 2018, and marked a turning point
in the management of CC, with the introduction of immu-
notherapy in the CC treatment armamentarium (Fig. 1).
The impressive clinical activity of pembrolizumab in the
PD-L1-positive R/M CC yielded the spread of clinical trials
exploring the safety and efficacy of new anti-PD-1 agents for
this biomarker-selected population. Geptanolimab (GB226)
and zimberelimab (GLS-100) are two PD-1 inhibitors that
have been evaluated for the treatment of PD-L1-positive,
R/M CC after the failure of the first-line treatment, alone
or in combination with other agents. Zimberelimab mono-
therapy was tested in a single arm, phase II study, showing
promising prolonged tumor responses (6-month DoR rate:
84%, 95% CI, 58 to 95%), clinically meaningful antitumor
activity, significantly higher compared to historical controls
(ORR: 27.8%, 95% CI: 18.85 to 38.22) and acceptable tox-
icity in PD-L1 positive, CC patients in the post-platinum
setting, after a median follow-up of 11.5 months (Table 1)
[18]. GB226 is another highly selective PD-1 inhibitor under
investigation in an open-label, single-arm, phase II clini-
cal trial, whose estimated primary endpoint completion was
expected in December 2021; however, no results have been
already posted (NCT03808857, Table 2).

However, given the restricted indication of pembrolizumab
only for CC patients with PDL1-positive tumors, alternative
strategies have been investigated to extend the indication of
IClISs to a broader CC population. In this context, other ICIs
monotherapy has been studied. Yet, other PD-1 inhibitors
(nivolumab, bastilimab), and the cytotoxic T lymphocyte-
associated protein 4 (CTLA-4) inhibitor ipilimumab showed
only limited activity in clinical trials investigating their activity
as single agents in previously treated CC patients (Table 1)
[19-21]. Following those results, those agents have been fur-
ther investigated in clinical trials to test synergistic combina-
tions to increase their clinical responses in previously treated
CC patients. In contrast, positive results came from the ran-
domized, phase III, EMPOWER-Cervical 1/GOG-3016/
ENGOT-cx9, investigating the anti-PD-1 antibody cemipli-
mab as a single agent compared with standard chemotherapy
in previously treated, R/M CC patients. Cemiplimab showed
promising clinical activity (ORR: 16.4%, 95% CI: 12.5 to
21.1), and durable responses (mDoR: 16.4 months, 95% CI:
12.4 to not reached [NR]), along with a higher mOS compared

2019
Stevanovi¢ S
etal., 2019

References

Jazaeri et al.,
2019

Doran et al.,

DoR PFS oS

ORR: 44%
ORR: 0%
ORR: 28%

ORR

Targets

TILs

TCR-E6
restricted TILs

HPV-restricted
TILs

Phase Drugs
LN-145
ACT
ACT

I
I

innova-
TIL-04

Study name
C-145-04/
v

NCT03108495
NCT02280811
NCTO01585428

NCT

ORR objective response rate, DoR duration of response, PFS progression-free survival, OS overall survival, FDA US Food and Drug Administration, EMA European Medicines Agency, PD-1
programmed death-1, CI confidence interval, mDoR median duration of response, mo months, mPFS median progression-free survival, mOS median overall survival, TF tissue factor, MMAE
monomethyl auristatin E, NR not reached, HR hazard ratio, PD-LI programmed death-ligand 1, TKI tyrosine kinase inhibitors, CTLA-4 cytotoxic T lymphocyte-associated protein 4, N3 +11

nivolumab 3 mg/kg every 2 weeks+ipilimumab 1 mg/kg every 6 weeks, NI+ I3 nivolumab 1 mg/kg every 2 weeks+ipilimumab 3 mg/kg every 3 weeks x4 cycles followed by nivolumab
240 mg every 2 weeks (N1+13), TIGIT T cell immunoreceptor with immunoglobulin and ITIM domains, VEGFR2 vascular endothelial growth factor receptor 2, TGF-f transforming growth

factor-beta, TILs tumor-infiltrating lymphocytes, ACT adaptive T cell therapy, TCR T cell receptor, HPV human papillomavirus

Table 1 (continued)
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PRESENT AND FUTURE TREATMENT OPTIONS
FOR R/M CC PATIENTS
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@ Bintrafusp alpha

@ HPV-restricted TLs

@ nivolumab + ipilimumab
@ balstilimab + zalifrelimab
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2 CDDP/CBDCA + PTX + Bev
< +atezolizumab

) CDDP/CBDCA + PTX +/- Bev
° +BCD100

73
=)
S
=

©
E
)
=
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A

@ pembrolizumab +
tisotumab-vedotin

@ LN-145 + pembrolizumab
@ nivolumab + ipilimumab

@ camrelizumab + apatinib

CT-free regimens

J

Legend:

i Regimens approved by regulatory agencies
@ Regimes showing positive results in clinical trials

) Regimens under investigation in clinical trials

Fig.1 Present and future therapeutic strategies for the treatment
of recurrent/metastatic cervical cancer (R/M CC). Programabsmed
death-ligand 1 (PD-L1); cisplatin (CDDP); Carboplatin (CBDCA);
Paclitaxel (PTX); Bevacizumab (Bev); human papillomavirus (HPV);

with chemotherapy (mOS of 12 months vs. 8.5 months; HR
0.69, 95% CI: 0 0.56 to 0.84), thus leading to early termination
of the trial due to significant benefit. Even more important,
cemiplimab displays its antitumor activity regardless of PD-L1
status, tumor histology, performance status, and the number of
prior lines, thus demonstrating a broadened activity compared
to pembrolizumab (Table 1) [22ee]. Yet just a month after the
FDA license application, the sponsor decided to withdraw it
due to a misalignment between the sponsor and FDA concern-
ing post-marketing studies. On the contrary, other regulatory
agencies around the world, including the European Commis-
sion, granted its approval irrespective of the PD-L1 status as
second-line treatment (Fig. 1).

Bringing Immunotherapy Forefront: ICls
in Combination with Chemotherapy

The evidence of the immunomodulatory activity of plati-
num-based chemotherapy, along with preclinical data sug-
gesting extensive crosstalk between the angiogenic pathway

(i) AK104

) sintilimab + BI310

? cemiplimab +ISA101b

pembrolizumab +
vibostolimab

=
S
2
S
f=
<
=
E
[=]
o
X
[5]
Q
£
o
]
=
o

? atezolizumab + tiragolumab

? tislelizumab + ociperlimab

@ camrelizumab + apatinib

@ camrelizumab + famitinib

ICls + TKI

@ nivolumab + lucitanib

) pembrolizumab + lenvatinib

28

@ pembrolizumab +
tisotumab-vedotin

@) LN-145

2 CART (CD22, GD2, PSMA,
*  Muc1 or Mesothelin)

New strategies

J/

tumor-infiltrating lymphocytes (TILs); chimeric antigen receptor
(CAR); cluster of differentiation-22 (CD22); prostate-specific mem-
brane antigen (PSMA); Mucin 1 (MUC1)

and the anti-tumor immune response have set the foundation
to investigate the standard of care platinum-based chemo-
therapy plus bevacizumab, in combination with the ICIs in
the clinical setting [23]. The use of the programmed death-1
(PD-1) inhibitor pembrolizumab, in combination with plat-
inum-based agents with or without bevacizumab, demon-
strated to be a clinically meaningful treatment strategy to
prolong survival rates for chemo naive R/M CC patients,
according to remarkable progression-free survival (PFS)
and OS data reported in the practice-changing, randomized
phase III, KEYNOTE-826 trial (Table 3) [24ee]. Specifi-
cally, an unprecedent ORR of 65.9% (95% CI 60.3 to 71.2)
was observed with the addition of pembrolizumab to the
standard platinum-based chemotherapy, with a mDoR of
18.0 months. Besides, median PFS (mPFS) was significantly
improved in the experimental arm, compared to the stand-
ard treatment (10.4 vs. 8.2 months; HR 0.65, 0.53 to 0.79,
p<0.001) and mOS as well (24.4 vs. 16.5 months; HR 0.67,
0.54 to0 0.84, p <0.001). Despite a clear clinical benefit and
the statistical significance across all the subgroups both in
terms of PFS and OS shown in the KEYNOTES826 study,

@ Springer
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Table 2 Ongoing clinical trials investigating new treatments for R/M CC patients

NCT Study name Phase Drugs Targets Primary Status
endpoint
First-line
NCT03556839 BEATcc 111 CDDP/CBDCA +PTX +Bev+ate- CT+ VEFG- PES, OS Active, not
(ENGOT- zolizumab A+PD-L1 recruiting
Cx10/
GEICO 68-C/
JGOG1084/
GOG-3030)
NCT03912415 FERMATA 111 CDDP/ CT + VEFG- (O] Recruiting
CBDCA +PTX+Bev+BCD100  A+PD-1
NCT03786081 ENGOT Cx8/ I/1I CBDCA +Bev + pembroli- CT + VEFG- ORR Active, not
GOG 3024/ zumab+TV A+PD-14+TF/ recruiting
innovaTV 205 MMAE
NCT04982237 111 CDDP/ CT + VEFG- PES, OS Recruiting
CBDCA +PTX +Bev+ AK104 A+PD-1/
CTLA-4
NCT04974944 1I Camrelizumab + Apatinib vs. PD-14+VEGFR2 PFS Recruiting
CDDP/CBDCA +PTX +Bev vs. CT+ VEGF-
A
Second
(or later)
lines
NCT04697628 ENGOT CX12/ 1III TV vs. standard of care CT TF/MMAE vs. (0N} Recruiting
GOG-3057/ CT
INNOVATV
301
NCT03808857 II Geptanolimab (GB226) PD-1 ORR UNKNOWN
NCT03894215 RaPiDS/GOG- 1I Balstilimab + Zalifrelimab PD-1+CTLA-4 ORR Active, not
3028 recruiting
NCT04590599 I Sintilimab+1BI310 PD-1+CTLA-4 ORR Recruiting
NCT04693234 AdvanTIG-202 1I Tislelizumab + Ociperlimab (BGB- PD-1+TIGIT ORR Active, not
Al217) recruiting
NCT05007106 I Pembrolizumab + vibostolimab PD-1+TIGIT ORR Recruiting
NCT04300647 SKY- I Atezolizumab + Tiragolumab PD-1+TIGIT ORR Active, not
SCRAPER-04 recruiting
NCTO05007106 II Pembrolizumab + vibostolimab PD-1+TIGIT ORR Recruiting
NCT04680988 11 Camrelizumab =+ famitinib vs. PD-1+TKI vs. ORR Active, not
standard of care chemotherapy CT recruiting
NCT04865887 I Pembrolizumab and Lenvatinib PD-1+TKI ORR Recruiting
NCT04646005 I Cemiplimab+ISA101b PD-1+E6/E7 ORR Active, not
peptide-based recruiting
vaccine
NCT04556669 I CAR-TILs CD22 SAFETY Recruiting
NCT03356795 11 CAR-TILs GD2, PSMA, SAFETY UNKNOWN

Mucl or Meso-
thelin

CDDP cisplatin, CBDCA carboplatin, PTX paclitaxel, Bev bevacizumab, CT chemotherapy, VEFG-A vascular endothelial growth factor-alpha,
PD-LI programmed death-ligand 1, PFS progression-free survival, OS overall survival, PD-I1 programmed death-1, TV tisotumab-vedotin, TF
tissue factor, MMAE monomethyl auristatin E, ORR objective response rate, CTLA-4 cytotoxic T lymphocyte-associated protein 4, VEGFR?2 vas-
cular endothelial growth factor receptor 2, T cell immunoreceptor with immunoglobulin and ITIM domains, 7KI tyrosine kinase inhibitors, CAR
chimeric antigen receptor, T/Ls tumor-infiltrating lymphocytes, CD22 cluster of differentiation-22, PSMA prostate-specific membrane antigen,
MUCI Mucin 1
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pembrolizumab in combination with the standard of care
first-line treatment (platinum-based chemotherapy + beva-
cizumab) granted the regulatory agency approvals by the
US Food and Drug Administration (FDA) and European
Medicines Agency (EMA) exclusively for patients with a
significant tumor expression of PD-L1, defined as CPS > 1,
thus warranting further investigation.

Following the FDA approval of pembrolizumab com-
bined with platinum-based chemotherapy with or without
bevacizumab as first-line treatment for R/M CC expressing
PD-L1 (CPS > 1), the subsequent knock-on effect was the
spread of similar clinical trials currently investigating ICIs
in the same setting (Table 2). The BEATcc study (ENGOT-
Cx10/GEICO 68-C/JGOG1084/GOG-3030, NCT03556839)
is a multicenter, randomized phase III trial investigating the
efficacy of atezolizumab (anti-PD-L1) in combination with
platinum-based chemotherapy plus bevacizumab, whose
recruitment was completed in September 2021 and final data
collection for primary outcome measures (PFS, OS) esti-
mated for completion in March 2023 [25]. Besides, the phase
III FERMATA study (NCT03912415) is currently ongoing
to evaluate the efficacy of an alternative PD-1 inhibitor,
BCD-100, in combination with platinum-based chemother-
apy with or without bevacizumab in the same setting, but the
enrollment is restricted only to R/M CC patients with squa-
mous histology. OS is the primary endpoint, estimated to be
completed by December 2024 (Table 2). Consistent results
with KEYNOTE-826 data were recently reported from a
Chinese single-arm, open-label phase II study of QL1604
(anti-PD-1) in combination with chemotherapy in patients
with R/M CC. In this trial, after a median follow-up was
12.91 months, ORR was 58.7%, mDoR was 9.6 months, and
PES was 8.1 months (Table 3) [26].

The Post-ICls Setting: Calling for New
Therapeutic Approaches and Algorithms

Multiple compounds are currently under investigation at
different stages of development to fill the remaining gaps
in the first and the second-line (or later) of treatment in the
rapidly evolving treatment paradigm for R/M CC. Building
on the success of pembrolizumab in the first-line setting,
the identification of alternative therapeutic options in the
subsequent lines became a new clinical unmet need. In the
precision oncology era, tailored treatments are developed
with the purpose of increasing the efficacy of anticancer
drugs by minimizing at the same time their systemic distri-
bution and targeting specific molecular markers, selectively
expressed by cancer cells, thus avoiding off-target effects.
In this context, ADCs represent a new promising strategy
to address this issue. Additionally, ICIs combination thera-
pies, including dual checkpoint inhibition and multi-drug

approaches to complement ICIs using TME-immunomod-
ulating agents, are currently being evaluated to address the
emerging immune checkpoint blockade resistance issue,
which will be the next unmet clinical need arising from the
current extensive use of immunotherapy in earlier settings.

Moving forward, since different trials are currently inves-
tigating the effect of immunotherapy in addition to chemo-
radiation in the management of locally advanced CC, ICIs
may move into earlier stages of therapy. Hence, there might
be the need for novel approaches in the next future even
in the upfront setting. In this scenario, ICIs combination
treatments may represent a promising approach to replace
chemotherapy or as an alternative option in patients who do
not tolerate it. Besides, alternative agents to ICIs in the first-
line setting are under investigation in several clinical trials
to enhance the efficacy of chemotherapy.

ADCs: Effective Agents Alternative to ICls
in the Post-platinum Setting and Promising Drugs
to Complement ICls and Chemotherapy

With their complex structure, composed of three main com-
ponents, ADCs target specific antigens expressed by tumor
surfaces through the interaction of the monoclonal antibody
(mAb) with the specific target, which covalently binds a
cytotoxic agent via a chemical linker. Moreover, beyond the
cytotoxic effect on the targeted cell, driven by the release of
the payload in the lysosomes with the consequent cell apop-
tosis or death via targeting DNA or microtubules, ADCs are
able to provoke a bystander effect on neighborhoods cells,
and to alter the tumor microenvironment (TME), further
enhancing their antitumor effect [27]. The evidence of a high
expression of tissue factor (TF) on CC surfaces, along with
its critical role in promoting tumor growth and progression,
and angiogenesis within the TME [28], led to the develop-
ment of a new ADC, tisotumab-vedotin (TV), which binds
TF through a fully humanized mAb linked via a cleavable
mc-VC-PABC to the cytotoxic payload monomethyl aurista-
tin E (MMAE), an antimitotic agent which induces G2/M
cell cycle arrest, finally leading to cell death [29]. Adverse
events (AEs) of special interest (AESI) are manageable, rep-
resented by ocular toxicity, neuropathy, and bleeding. Con-
junctivitis (26%), dry eye (23%), and keratitis (11%) are the
most common treatment-related ocular events, the major-
ity of those managed with corticosteroids, vasoconstrictors
eye drops, and recovered within 30 days after the last dose.
Besides, Grade <3 bleedings frequently occur, including
the most common epistaxis (30%), followed by vaginal
hemorrhage (7%), and hematuria (3%), more likely without
any intervention required. Finally, neuropathy (peripheral,
sensory, or sensorimotor) is generally short-term (time to
resolution: 0.6 months) and Grade < 3 [30e].
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ADCs Monotherapy

The first-in-human, phase I/IL, innovaTV 201 study showed
promising antitumor activity of TV among patients with
refractory solid tumors (ORR: 15.6%, 95% CI 10.2 to 22.5%;
mDoR: 5.7 months, 95% CI 3.0 to 9.5 months) [30e], and
encouraging results were observed in the previously treated,
CC cohort (ORR: 24%, mDoR: 4.2 months, and 6-month
PFS: 29%) [31]. ORR of 24% was further confirmed in the
phase II InnovaTV 204//GOG-3023/ENGOT-cx6, specifi-
cally designed to investigate the antitumor activity in pre-
treated, R/M CC patients, demonstrating even better results
in terms of mDoR (8.3 months, 95% CI 4.2 to NR) and
mPFS (4.2 months, 95% CI 3.0 to 4.4 months) [32ee]. Simi-
lar results were also observed in the InnovaTV 206 study,
showing an ORR of 29.4% (95% CI, 10.3% to 56.0%), mDoR
of 7.1 months (3.1 months to NR), mPFS of 3.1 months
(95% CI, 1.2 to 7.1 months), and mOS of 11.4 months (95%
CI, 6.2 months to NR) in a Chinese patient population [33]
(Table 1). These data led to the first FDA-approval of ADCs
in the CC treatment landscape in late 2021, giving a valid
alternative therapeutic option to pembrolizumab, especially
for PD-L1-positive, CC patients previously treated in the
first-line setting with pembrolizumab in addition to plati-
num-based chemotherapy with or without bevacizumab
(Fig. 1). The randomized, phase III, ENGOT CX12/GOG-
3057/INNOVATYV 301 trial is ongoing to finally confirm the
efficacy of TV compared to standard chemotherapy in previ-
ously treated R/M CC patients (NCT04697628, Table 2).

ADCs: Combination Approaches

Given the immunomodulatory properties of ADCs and the
effectiveness of TV in CC patients regardless the PD-L1 sta-
tus, this novel therapeutic approach is under investigation in
several clinical trials in combination with other anticancer-
agents (Fig. 1).

In the first-line setting, TV demonstrated to be a valid
alternative option to ICIs in order to complement chemo-
therapy. The second part of the phase Ib/II ENGOT-cx8/
GOG-3024/innovaTV 205 clinical trial demonstrated prom-
ising antitumor activity with acceptable safety profile with
the use of TV in combination with carboplatin in chemo
naive, R/M CC patients. Preliminary results showed an ORR
of 55% (95% CI 36 to 72), which is higher than the histori-
cal RR (48%) observed with platinum-based chemotherapy
given in combination with bevacizumab [14]. Besides, a
mDoR of 5.6 months, and mPFS of 6.9 months at a median
follow-up of 4.8 months were observed (Table 3), along with
manageable toxicity (ocular events grade 1-2 and grade >3
in 55% and 3% of patients respectively), peripheral neu-
ropathy (grade 1-2: 27%, grade > 3: 12%) and bleeding
events (grade 1-2: 48%, grade >3: 6%). [34]. Further, the

@ Springer

above-cited immunogenic properties of TV, along with the
proven ADCs ability to increase T lymphocyte infiltration
and to induce dendritic cell maturation, and co-stimulatory
molecules expression, gave the basis to explore the syner-
gistic effect of TV in combination with immunotherapy [35,
36]. Indeed, the combination of TV and ICIs was tested both
in the chemo-naive setting and after the failure of the first-
line treatment in different trials (Tables 1 and 3).

In the first-line setting, the combination of TV with
pembrolizumab was investigated with the aim of replacing
chemotherapy, showing an ORR of 41% (95% CI 24 to 59)
and mPFS of 5.3 months (95% CI, 4.0 to 12.2) in a cohort of
the ENGOT Cx8/GOG 3024/innovaTV-205 trial, thus con-
firming the synergistic activity of TV and pembrolizumab
in the chemo naive CC population, with manageable toxicity
(alopecia: 61%, diarrhea: 55%, epistaxis: 49%, conjunctivi-
tis: 46%, and nausea: 46%) [37]. Besides, TV is currently
under investigation in a cohort of the phase Ib/II ENGOT-
cx8/GOG-3024/innovaTV 205, even to test the addition of
this agent to the quadruplet therapy studied in the KEY-
NOTE-826 study, which might be a promising strategy to
complement chemotherapy in the first-line setting for R/M
CC patients who are not eligible to pembrolizumab plus
platinum-based chemotherapy because of CPS < 1 (Table 2)
[38].

Finally, TV-pembrolizumab combination therapy was
also investigated in the recurrent setting after the failure
of the first-line treatment. Clinical benefit was observed in
the previously treated cohort of R/M CC patients enrolled
in the phase I/Il ENGOT Cx8/GOG 3024/innovaTV-205
trial. Indeed, promising ORR was observed (ORR: 38%,
95% CI: 22 to 56), along with durable responses (mDoR:
13.8 months, 95% CI: 2.8 to NR), and encouraging survival
rates (mPFS: 5.6, 95% CI: 2.7 to 13.7 months; mOS: NR,
range 1.3—17.5 4+ months) after median 13 months of follow-
up (Table 1) [34].

Combination Strategies to Overcome ICI Resistance:
Dual Checkpoint Inhibition and Inmunomodulatory
Agents in Addition to ICls

A promising approach deeply investigated in the clinical set-
ting to overcome resistance and broaden the efficacy of anti-
PD-1 agents is the concomitant dual checkpoint inhibition,
by concomitantly blocking two co-inhibitory pathways. The
most reliable targets to achieve a synergistic effect with anti-
PD-1 antibodies include the blockade of CTLA-4 and T cell
immunoreceptor with immunoglobulin and ITIM domains
(TIGIT) co-inhibitory signals. CTLA-4 and PD-1 are potent
immune checkpoint cell surface receptors involved in the
downregulation of T cell response to physiologically estab-
lish cell tolerance. However, their expression patterns are
spatially and temporally distinct [39], thus suggesting a
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complementary activity of those two pathways in limiting
autoreactivity. Based on this rationale, the dual inhibition
of those pathways entered the clinical setting, demonstrat-
ing durable clinical activity among different cancer types.
Concerning CC, durable clinical activities were observed
especially in the PD-L1 negative population both in chemo
naive and previously pretreated R/M CC population.

Besides, the evidence of an immunomodulatory effect of
anti-angiogenetic agents represented an attractive strategy
to complement ICIs. Specifically, the aberrant nature of the
cancer vessels, along with the production of pro-angiogenic
factors by cancer cells, demonstrated to induce both physical
and chemical barriers to the immune response, by inhibiting
lymphocyte trafficking across endothelia and migration into
tumor deposits due to the increase of interstitial pressure,
and by the recruitment of immunosuppressive cells due to
increased hypoxia within the TME [40-42]. On the other
hand, the enhanced expression of coinhibitory factors of the
immune response might contribute to anti-angiogenic drugs
resistance [23, 43, 44]. Given this strong interplay between
the two pathways, the combination of immune checkpoint
blockade and tyrosine kinase inhibitors (TKI) targeting
the VEGF signal pathway entered the clinic and has been
evaluated as a treatment strategy to enhance responses to
immunotherapy.

Dual Checkpoint Inhibition

The addition of dual checkpoint inhibition to standard
chemotherapy with or without bevacizumab represents a
promising strategy to cover the full spectrum of the R/M
CC population, regardless of PD-L1 expression (Fig. 1). In
this context, a bispecific antibody targeting PD-1/CTLA-4,
cadonilimab (AK104), was tested in an open-label, phase
II study, having enrolled patients in three different cohorts:
cohorts A-15 and A-10 were the two cohorts investigating
AK104 in combination with platinum-based chemotherapy
at two different dosages (AK104 15 mg/kg and 10 mg/kg,
respectively) and cohort B-10 was the third cohort inves-
tigating AK104 10 mg/kg in combination with platinum-
based chemotherapy plus bevacizumab. Impressive results
were shown, regardless of PD-L1 status. The secondary
endpoint ORR was promising across all three cohorts: spe-
cifically, ORRs were 73.3%, 68.8%, and 92.3% in the A-10,
A1-15, and B-10 cohorts respectively (Table 3) [45], thus
warranting further investigation to evaluate the efficacy in
a phase III ongoing trial (NCT04982237, Table 2). Con-
cerning the safety profile, this combination was well tol-
erated, with the most common grade > 3 treatment-related
AEs (TRAES) belonging to hematological toxicity (anemia:
15.6%, white blood cell count decreased: 11.1%, neutrophil
count decreased: 8.9% and platelet count decreased: 8.9%),
and grade >3 immune-related AEs (irAEs) occurring in

17.8% patients. Nonetheless, long-term safety follow-up is
awaited.

Besides, the impressive effectiveness of immune check-
point blockade, which has broken new ground in CC
research, further prompts the investigation of immunother-
apy in completely replacing chemotherapy as the upfront
line of treatment for R/M CC patients (Fig. 1). The phase
I/II CheckMate 358 study investigated nivolumab alone or
in combination with ipilimumab as a chemotherapy-free
regimen for the first-line treatment, showing manageable
toxicity and durable tumor regression regardless of tumor
PD-L1 expression in patients with R/M CC. With a mini-
mum follow-up of 24 months, the primary endpoint ORR
was encouraging either with nivolumab monotherapy
(anti PD-1, ORR: 26%, 95% CI 9 to 51%) or in combina-
tion with the anti-CTLA-4 inhibitor, ipilimumab, given in
two different regimens, namely nivolumab 3 mg/kg every
2 weeks +ipilimumab 1 mg/kg every 6 weeks (N3 +11 arm,
ORR: 39%, 95% CI 17 to 64%), nivolumab 1 mg/kg every
2 weeks +ipilimumab 3 mg/kg every three weeks X 4 cycles
followed by nivolumab 240 mg every 2 weeks (N1 +13 arm,
ORR: 41%, 95% CI 29 to 53%), (Table 3). Durable responses
were observed across all three arms, with durable responses
observed even in the PD-L1 negative population. Notably,
higher grade >3 TRAEs (16% versus 5%) and discontinua-
tion rates (24% versus 18%) were observed in arm N1 +13
arm compared with arm N3 +11 arm [46].

In addition to the promising role of dual checkpoint
inhibition to extend the use of immunotherapy even in the
PD-L1 negative, chemo naive, CC population, this thera-
peutic strategy was also tested in previously treated R/M
CC patients with the aim of overcoming anti-PD-1 resist-
ance (Fig. 1). In the I/Il CheckMate-358, the combination of
nivolumab (anti-PD-1) and ipilimumab (anti-CTLA-4) was
also tested in R/M CC after the failure of the first-line treat-
ment, and regardless of PD-L1 status. Encouraging clinical
activity (ORR: 26%, 95% CI 11 to 46 in the N3 +11 arm,;
ORR: 35%, 95% CI 21 to 51 in the N1+ 13 arm), along with
durable responses (mDoR: 21.1 months, 95% CI, 7.5 to NR
in the N3 +11 arm; mDoR: NR, 95% CI, 5.2 to NR in the
N1 +13 arm at a minimum follow-up of 24 months) were
observed.

Similar results were found in a phase II study investi-
gating the safety and efficacy of bastilimab (anti-PD-1)
and zalifrelimab (anti-CTLA-4) combination therapy as
second-line treatment, with reported ORR of 25.6% (95%
CI, 18.8 to 33.9) and mDoR NR (95% CI, 9.7 to NR) after
21 months as a median follow-up (Table 1). The 12-month
PES and OS rates were 21.3% (95% CI, 14.1 to 29.4) and
53.3% (95% CI, 43.8 to 61.9), respectively, with a median
PFS of 2.7 months (95% CI, 1.5 to 3.7), and a median OS
of 12.8 months (95% CI, 8.8 to 17.6) [47]. Furthermore,
this combination strategy was well tolerated, without any
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unexpected TREAs and with a rate of grade >3 TRAEs
(20%) consistent with previous studies investigating the
anti-PD-1/ anti-CTLA-4 combination strategy [47].
Accordingly, the randomized phase RaPiDS/GOG-3028
II study is further assessing the safety and efficacy of bas-
tilimab, both alone and in combination with zalifrelimab,
compared with standard chemotherapy in the second-
line setting (NCT03894215, Table 2). Besides, promis-
ing clinical activity was further observed in the phase II
clinical study, with the bispecific antibody AK104, tar-
geting both PD-1 and CTLA-4. Observed ORR was 33%
(95% CI, 23.9 to 43.1), and mDoR NR (95% CI, 0.95 to
16.43) at a median follow-up of 9.63 months (Table 1). In
line with the previously mentioned trial, tumor response
was not related to the PD-L1 status [48]. Moreover,
based on results from the first part of a phase II study
(CTR20202017) conducted in China, the combination of
IBI310 (anti-CTLA-4) and sintilimab (anti-PD-1) received
the Breakthrough Therapy Designation by the Center for
Drug Evaluation of China’s National Medical Products
Administration (NMPA). The combination is under study
in phase II, in a randomized trial to compare the efficacy
of sintilimab monotherapy to IBI310 (anti-CTLA-4) and
sintilimab combination therapy (NCT04590599, Table 2).
Beyond CTLA-4 and PD-1, TIGIT is one of the other
checkpoint inhibitory receptors, involved in limiting
effector T cell survival and function. TIGIT is structur-
ally and functionally different from CTLA-4 and PD-1,
due to its ITIM domain, and because of the ability to fur-
ther suppress the innate immune response [49]. Several
trials are ongoing to investigate the efficacy of PD-1 and
TIGIT dual inhibition (NCT04693234, NCT05007106,
NCT04300647, Table 2). Preliminary data came from the
phase I KEYVIBE-001 study, investigating the pembroli-
zumab (anti-PD-1)/vibostolimab (anti-TIGIT) combination
therapy. In this study pembrolizumab was tested in combi-
nation with two different dosages of vibostolimab (200 mg
versus 700 mg every3 weeks), demonstrating comparable
antitumor activity and safety. After a median follow-up
of 11.5 months, ORR of 15% and 23% were observed in
the two cohorts (vibostolimab 200 mg versus 700 mg,
respectively) and mDoR was not reached (NR, range 10 to
31+ months in the vibostolimab 200 mg cohort; NR, range
4 +to 35 + months in the vibostolimab 700 mg cohort),
irrespective to PD-L1 status (Table 1), with evidence of
grade >3 TRAEs in 18%-29% of patients [50]. The rec-
ommended phase 2 dose for vibostolimab (200 mg every
3 weeks) is currently under evaluation in combination with
pembrolizumab in the phase II KEYVIBE-005 study to
evaluate the efficacy both in PD-L1-positive (CPS > 1) and
PD-L1-negative CC patients (NCT05007106, Table 2).
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ICIs in combination with TKI

The first reported study to evaluate the concurrent inhibi-
tion of immune checkpoint and angiogenetic pathways in
previously treated R/M CC patients was the CLAP trial. In
this single-arm, phase II study, the combination of the PD-1
inhibitor camrelizumab with the selectively VEGFR2 inhibi-
tor apatinib demonstrated its clinical activity regardless of
the expression of PD-L1. ORR was 55.6% (95% ClI, 40.0%
to 70.4%), mPFS 8.8 months (95% CI, 5.6 to NR) and after
a median follow-up of 11.3 months, neither mDoR nor mOS
were reached (mDoR: NR, 95% CI: 5.6 to NR; mOS: NR,
95% CI: 11.6 to NR) [51] (Table 1). Interestingly, an explor-
atory analysis of the trial aiming at identifying alternative
biomarkers to PD-L1 to predict response found a correlation
between favorable clinical outcomes and gene alterations
in the PI3K/AKT pathway [52]. Based on those encourag-
ing results, camrelizumab-apatinib is currently under study
even in the first-line setting, in a randomized, phase 2 trial
to assess the efficacy of this combination compared to plati-
num-based chemotherapy plus bevacizumab in patients with
R/M CC patients (NCT04974944, Table 2).

Camrelizumab was further tested in combination with
famitinib, a multikinase inhibitor with a broad spectrum of
targets, including VEGFR?2 and 3, platelet-derived growth
factor receptor p (PDGFRp), FMS-like tyrosine kinase-1/3
receptor, proto-oncogene tyrosine-protein kinase receptor,
and the stem-cell factor receptor (Table 1). Efficacy analysis
of the phase II single-arm trial showed ORR of 39.4% (95%
CI, 22.9 to 57.9), and mPFS of 10.3 months (95% ClI, 3.5
to NR). After a median follow-up lasting for 13.6 months,
mDoR was NR (95% CI, 8.2 to NR), and the 12-month
OS rate was 77.7% (95% CI: 58.9-88.7) [53]. Given this
promising clinical activity, along with a manageable safety
profile, a randomized, open-label, 3-arm phase 2 trial was
developed and is currently ongoing to investigate the efficacy
of this combination compared to standard chemotherapy
(NCT04680988) in the same setting (Table 2).

Positive signals with the use of TKI to extend ICIs indica-
tion to a broad population, further came from the prelimi-
nary results of the ENGOT-GYN3/AGO/LIO study. In this
trial, PD-1 inhibitor nivolumab was given in combination
with lucitanib, a potent inhibitor of VEGFR1-3, PDGFRa/p,
and fibroblast growth factor receptor (FGFR) 1-3. Data from
stage 1 of the phase II CC cohort were recently reported,
showing target lesion reductions even in CC in the PD-L1
negative population, with manageable toxicity (Table 1)
[54].

Finally, the FDA-approved combination for endometrial
cancer, pembrolizumab, and TKI lenvatinib, is being eval-
uated in a single-arm phase II trial and the primary end-
point analysis is estimated to be completed by July 2023
(NCTO04865887, Table 2).
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In contrast to the above mentioned combination strate-
gies tested in the overall previously treated R/M cervical
cancer population regardless of PD-L1 status, the anti-PD-1
sintilimab was tested in combination with the multikinase
inhibitor anlotinib in a phase II trial, demonstrating its safety
and efficacy as second-line or later therapy just for R/M
CC patients expressing PD-L1 (Table 1). Interestingly, an
exploratory analysis, evaluating other prognostic and predic-
tive biomarkers beyond PD-L1, showed a significant cor-
relation between altered PI3K/AKT signaling and KMT2D
with the response, and a negative association of STK11 and/
or JAK2 with PFS [55].

Novel Immunotherapeutic Strategies
to Complement or Replace ICIs

The immuno-oncology is rapidly evolving, and a wide range
of anticancer drugs with different mechanisms of action are
under investigation beyond the immune checkpoint blockade
and ADCs. Specifically, the current pipeline in the CC field
mainly includes the investigation of adaptive cell therapy
(ACT) and the development of cancer vaccines targeting
HPV. Those new therapeutic approaches are designed to
enhance the immune anticancer response, thus underscor-
ing the urgent need of a deeper knowledge of the TME and
its impact on therapeutic response.

Tumor-Infiltrating Lymphocytes

A novel immunotherapeutic approach that recently entered
the clinic is the use of ACT. Three distinct ACT techniques
were developed, with the common aim to stimulate the T cell
response within the TME. Non-engineered tumor-infiltrating
lymphocytes (TILs) were the first method studied. It con-
sists of T cell extraction directly from the tumor site, ex vivo
expansion, activation, and finally re-transfection in the
patients [56]. LN-145 is a ready-to-use TILs therapy, which
requires the previous administration of a non-myeloablative
lymphocyte-depleting preparative regimen before the cell
transfer, and the following infusion of interleukin-2 (IL-2).
This autologous ACT approach showed promising results,
both in the first line and in the subsequent settings (Fig. 1).
In the upfront setting, its efficacy was tested in combina-
tion with ICIs, showing striking results in terms of efficacy,
and thus potentially representing the best-in-class immu-
notherapy-based combination strategy. LN-145 in addition
to pembrolizumab demonstrated indeed a safety profile and
antitumor activity with a reported ORR of 57% (95% CI,
28.9, 82.3) from the C-145-04/innovaTIL-04 trial, enrolling
a cohort of chemo naive CC patients (Table 3) [57].
LN-145 yielded further impressive results also as a single
agent in the cohort of R/M CC patients who progressed on
or after the upfront treatment. Preliminary results after a

median of 3.5 months showed an ORR of 44%, with 11 out
of the 12 responders still maintaining their responses at the
time of the analysis (Table 1) [58].

Beyond the simple isolation of TILs from tumor samples,
a technique to improve the specific recognition of T cells
has further developed, through the genetic engineering of T
cell receptor (TCR), which is highly specific for the recog-
nition of MHC-restricted peptides [59]. This approach has
been deeply studied in the HPV-associated CC subpopu-
lation by several trials investigating the role of different
MHC-restricted epitopes of E6/E7 oncoproteins. The first-
in-human phase I/II study investigating the T cell therapy
rescripted to an epitope of E6 did not show any tumor
responses among the 6 patients enrolled in the trial [60].
Yet, a phase II trial generating T cells with HPV-oncoprotein
reactivity showed an ORR of 28%, and, more interestingly,
prolonged tumor responses were observed regardless of
tumor histology (Table 1) [61]. A clinical trial with a higher
avidity TCR, targeting the E7 oncoprotein is ongoing to fur-
ther explore this approach (NCT02858310, Table 2).

Moving forward, the more recent TILs-based approach
that entered the clinical setting was the chimeric antigen
receptor (CAR) T cell therapy. In this case, T cells are engi-
neered to recognize the tumor-cell surface antigens in an
MHC-independent manner, thus overcoming one of the most
important mechanisms of tumor immune escape, represented
by the downregulation of MHC on cancer cell surfaces [59].
Clinical trials are now ongoing to investigate the applicabil-
ity of this new treatment strategy even in the CC field, target-
ing different antigens, including CD22, GD2, PSMA, Mucl,
or mesothelin (NCT04556669, NCT03356795, Table 2).

HPV-Related CC Population: Therapeutic Vaccines
and the Transforming Growth Factor-Beta (tgf-f)
Signaling Pathway

Other therapeutic approaches were developed for the HPV-
related subpopulation, targeting pathways and antigens
used by HPV to evade immune surveillance and promote
tumor growth. E6 and E7 are the two major oncoproteins
mainly involved in driving the CC cells toward oncogen-
esis, by orchestrating all the hallmarks of cancers, including
uncontrolled replication, tumor angiogenesis, invasion, and
progression, through the unrestricted telomerase activity,
along with the suppression of apoptosis [62]. Thus, thera-
peutic vaccines targeting E6/E7 oncogenes have represented
an attractive tailored strategy for HPV-related cancers to
enhance immune response driven by the concurrent blockade
of the PD-1/PDL-1 axis. Several trials are currently inves-
tigating this combination strategy and preliminary safety
and efficacy data were recently reported showing conflict-
ing results. Positive results were observed in phase I/II trial
investigating pembrolizumab in combination with GX-188E,
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a DNA vaccine encoding an E6/E7 fusion protein of HPV16-
18 and linked with the Fms-like tyrosine kinase-3 ligand
(FLT3L), with increasing antitumor response by stimulating
the proliferation of hematopoietic progenitor cells. Signifi-
cant activity was observed regardless of PD-L1 status, with
observed ORR of 31.7% and 25% for the overall HPV16-
18 population and the PD-L1-positive subgroup (Table 1)
[63]. Accordingly, similar results were achieved in a heavily
pretreated, HPV-16 positive, CC population with VB10.16,
another therapeutic DNA vaccine encoding the E6/7 fusion
protein of HPV16 and linked to the CCL3L1 chemokine via
a dimerization module. In a pre-planned interim analysis of
a phase II study evaluating the combination of atezolizumab
and VB10.16 an overall ORR of 21% was observed, with
encouraging clinical activity irrespective of PD-L1 status
(ORR of 27% and 17% in the PD-L1-positive and negative
population, respectively) [64]. In contrast, the DNA vaccine
containing plasmids for E6 and E7 oncogenes for HPV-16/18
and interleukin-12 (IL-12) adjuvant, given in combination
with durvalumab failed to demonstrate clinical activity. In
the phase II trial evaluating this combination therapy in
HVP16/18 related cancers, only one out of twelve patients
enrolled in the CC cohort achieves a partial response, thus
leading to the study discontinuation for futility. Notably,
despite the low ORR, a clinically meaningful disease con-
trol rate was observed, and correlative studies are ongoing
to further characterize the subgroup of CC patients with pro-
longed disease control without clinical responses (Table 1)
[65]. Overall, DNA vaccines associated with ICIs were
well tolerated, with a low incidence of grade >3 TRAEs
(4% with GX-188E [63] and 23% with MEDI0457 [64])
and without any new treatment-emergent AEs compared to
prior reports of these agents individually. AESI related to
MEDI0457 were observed, including localized reaction and
extremity pain at the injection site, none of these grade > 3.
The single-arm, phase II ongoing trial evaluating cemipli-
mab in combination with ISA101b is awaited to clarify the
effectiveness of this combination approach (NCT04646005,
Table 2). However, it must be pointed out that ISA101b is
a structurally different vaccine because of its peptide-based
nature. It is composed of long synthetic peptides from the
E6/E7 HPV 16 that are engineered to be delivered with adju-
vant agents to stimulate the adaptive immune system, thus
probably inducing a less potent immune response compared
to therapeutic DNA vaccines.

Another attractive approach under evaluation in the
HPV-selected CC population is the co-targeting of the
PD-1/PD-L1 axis and the TGF-f pathway. The first-in-class
bifunctional fusion protein Bintrafusp-alfa (M7824) is a new
therapeutic drug consisting of two parts: the extracellular
domain of TGF-f receptor II and an anti-PD-L1, linked
by a flexible linker [66]. Data from phase 1 and phase 2
studies investigating its safety and efficacy in a pretreated,
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ICIs—naive, R/M CC population are encouraging, show-
ing ORR of 28.2%, mDoR of 11.7 months and mOS of
13.4 months (95% CI, 5.5 to NR; Table 1). Also, toxicity was
manageable, without any new safety signal different from
previous reports for anti-PDL1 agents and TRAEs known to
be related to TGF-p inhibitors (Grade >3 TRAESs observed:
skin lesions, colitis, asymptomatic lipase increase, and gas-
troparesis with hypokalemia)[67].

Discussion

Collectively, these data underscore the rapidly evolving
landscape of R/M CC management. Until 2018, the only
valid therapeutic innovation for these patients was the intro-
duction of bevacizumab in combination with platinum-based
chemotherapy in the upfront setting, albeit with the still dis-
mal survival rates. Besides, after the failure of the first-line
treatment, no effective therapeutic options were available,
thus considering this setting mostly palliative.

The introduction of immunotherapy in the CC treatment
armamentarium opened up a new scenario for R/M CC
patients, demonstrating improvements in terms of response
and survival rates both in the first line and in the subsequent
lines of treatment. However, this new opportunity has raised
new issues that we still to address. Firstly, the incorporation
of ICIs in the first-line setting raised the question of how to
manage the post-immunotherapy setting, after the acquired
resistance to ICIs. In this context, translational studies are
necessary to go through the different pathways that might
lead to secondary tumor escape. Besides, a deep investiga-
tion of the TME is warranted to understand the complex
interactions among the different cellular and molecular
components, with the final goal of targeting the immu-
nosuppressive signaling and on the other hand enhancing
the antitumor immune response. In this context, the usage
of immunomodulatory agents in addition to ICIs, and the
concurrent inhibition of different and complementary co-
inhibitory signaling pathways may be promising methods
to overcome acquired resistance. Secondly, the restriction of
immunotherapy to the PD-L1 positive tumors in combina-
tion with platinum-based chemotherapy in first-line prompt
the investigation of new therapeutic strategies to broaden
the use of immunotherapy in PD-L1 negative tumors. In
this setting, the immunotherapy combinations might repre-
sent an option to explore. Both the dual checkpoint inhibi-
tion, and the addition of TILs to ICIs demonstrated to be
promising strategies to improve the immunogenicity within
the CC patient tumor tissues, regardless of PD-L1 status.
Besides, PD-L1 expression might not be the only predictive
biomarker for all the immunotherapeutic agents studied in
the different trials, and novel molecular signatures to guide
the treatment choice are urgently awaited.
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Moving forward, the success of ADCs in the CC treat-
ment paved the way for the investigation of tailored therapies
targeting cancer-specific antigens and pathways even in the
CC field. Several trials are ongoing to investigate the role
of novel therapeutic strategies targeting tailored antigens/
pathways for the treatment of CC patients; however, more
insights into the TME components and cross-talks, as well
as into the genomic, transcriptomic profiles of CC patients
and their evolving signatures across the different lines of
therapies are urgently required to guide treatment choice
and to allow the development of a biomarker-selected thera-
peutic strategy.

Concluding Remarks

In these years we are undoubtedly witnessing a paradigm
shift in the management of R/M CC treatment with rap-
idly evolving survival rates profoundly improved compared
to what we observed just a few years ago. However, more
efforts to study mechanisms of resistance and to identify
predictive biomarkers are urgently needed, even to establish
the optimal sequential strategy for the treatment of this hard-
to-treat cancer population. Yet, we have to keep in mind that
the majority of CC are preventable, and thus it is even more
important to provide access and fill the gap in the cancer
screening programs.
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