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Abstract

Despite the success of preventive vaccination, the Human Papilloma Virus still accounts for 266,000 deaths annually,
as the main causative factor of cervical, vaginal, anal, penile and oropharyngeal cancers. Human Papilloma Virus infects
epithelial cells, driving tumourigenesis primarily from incorporation of DNA into the host cellular genome. Translation of
two particular Human Papilloma Virus—specific oncoproteins, E6 and E7, are the key drivers of malignancy. If diagnosed
early cervical, vaginal and vulval cancers have good prognosis and are treated with curative intent. However, metastatic
disease carries a poor prognosis, with first-line systemic treatment providing only modest increase in outcome. Having
shown promise in other solid malignancies, immune checkpoint inhibition and therapeutic cancer vaccines have been
directed towards Human Papilloma Virus—associated gynaecological cancers, mindful that persistent Human Papilloma
Virus infection drives malignancy and is associated with immunosuppression and lack of T-cell immunity. In this review, we
discuss novel therapeutic approaches for targeting Human Papilloma Virus—driven gynaecological malignancies including
vaccination strategies, use of immunomodulation, immune checkpoint inhibitors and agents targeting Human Papilloma
Virus—specific oncoproteins. We also highlight the evolving focus on exciting new treatments including adoptive T-cell
therapies.
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Introduction cancers, including vaccine, T cell, immunotherapy and

) combination therapy.
Up to 5% of all human cancers can be attributed to Human

Papilloma Virus (HPV) infections.!? It is estimated that
HPV causes 528,000 incident cancer cases and 266,000 HPYV infection
deaths annually with the majority of the global burden in
less developed regions.> HPV infection is associated with
pre-malignant and malignant lesions of the cervix, ano-
genital area (vulvar, vaginal, penile, anal), head and neck
and oesophagus.*® HPV infection is one of the main caus- LK
atiYe factors. in female genital tract cancer,. and epidemio- *Depa m;qent of Medical Oncology, University College London
logical studies show the presence of HPV in up to 99% of Hospital, London, UK
cervical cancers and between 40%-85% of all vaginal and .
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HPV is the most common sexually transmitted disease
worldwide, with 14 million individuals infected annually
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and a lifetime risk of infection greater than 80%.'° The
majority of individuals will clear the virus spontaneously,
however infections persist in up to 10% and leads to can-
cer initiation in 1% of infected people."! Over 170 sub-
types of the HPV virus have been described, of which over
40 are sexually transmitted and infect the anal, genital and
oropharyngeal tracts.'> Thirteen HPV subtypes are classi-
fied as high-risk HPV (hrHPV).!"* HPV-16 and 18 are the
most prevalent hrHPV types and respectively account for
approximately 63% and 16% of invasive cervical cancers'*
and collectively for 80%—-86% of vulvar and vaginal can-
cers, 93% of anal cancers, 63%-80% of penile cancers and
89%-95% oropharyngeal cancers. '’

HPV and tumourigenesis

HPV is a circular, non-enveloped double-stranded deoxy-
ribonucleic acid (dsDNA) virus. The HPV genome con-
sists of approximately 8000 base pairs which encode for
eight genes. These are divided according to their expres-
sion patterns into six early genes (E1, E2, E4, ES, E6, E7)
and two late genes (L1 and L2).'® Early genes are associ-
ated with viral replication and transcription, whereas late
genes code for the viral capsid proteins (Figure 1). Genes
E6 and E7 are responsible for oncogenic transformation of
host cells.

The virus infects skin or mucosal cells by entering
microlesions in the epithelium and spreading to the basal
cell layer. After entering the cell, viral replication requires
activation of the viral gene expression with the ultimate
aim to increase the viral genome copy number. HPV is
known to exist genetically either autonomously within
the cytoplasm, in an episomal state, or integrated with its
DNA incorporated into that of the infected host cell.
Many low-grade lesions, for example CIN1 and CIN2,
often only show evidence of episomal viral genetic infor-
mation. Genomic integration is more likely to occur with
increasing stages of carcinogenesis. Though not thought
to be essential, the integration of the HPV viral genome
into host DNA and the associated chromosomal instabil-
ity have indeed been recognized as key events in cervical
cancer pathogenesis and the transition from pre-cancer-
ous to malignant phenotypes. This is especially apparent
with HPV-16 and 18.7"'° For both types of infection,
neoplastic transformation results as the HPV oncopro-
teins alter intrinsic DNA damage repair (DDR) systems
in a bid to drive host cellular proliferation (and thus viral
replication).

The HPV genes code for proteins involved in viral rep-
lication; HPV E7 binds to the Rb family proteins and by
doing so, the cellular transcription factor E2F is released to
activate expression of cell cycle promoting proteins. This
allows viral replication to co-exist with cellular replication
(Figure 2). In addition, HPV E6 assists in p53 degradation,
thus inhibiting p53-mediated apoptosis, allowing an
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Figure |. HPVI6 genomic organization. The early region of
the HPV genome contains six open reading frames (El, E2, E4,
E5 and E7 genes). These encode proteins required for viral
replication and contribute to cell transformation. The late
region codes for two proteins of the viral capsid (LI and L2).
LCR, locus control region. pRb, retinoblastoma protein.

ongoing cell cycle for viral replication (Figure 2).2° HPV
E2 protein negatively regulates E6 and E7 expression
(Figure 1) and is commonly lost during integration,?! lead-
ing to a further increase in expression of E6 and E7 onco-
proteins. There are now collective data to show that
expression of E6 and E7 proteins in HPV infection con-
tributes to malignant transformation by affecting almost
all of the essential hallmarks of cancer, including apopto-
sis, proliferation, growth and invasion/motility.'"® These
result from HPV-driven exploitation of cell cycle check-
points, suppressing apoptosis or promoting DNA synthesis
leading to impaired DDR in host cells, making malignant
transformation more likely. In cervical cancer specifically,
the cellular transcription factor Activator Protein-1 (AP-1)
is understood to play a vital role in carcinogenesis.
Expression of E6 and E7 oncogenes is dependent on the
availability of AP-1 that binds to the upstream regulatory
region (URR) of HPV and in the cervical cancer cell line
HeLa, an antioxidant-induced change to the AP-1 complex
correlates with a tumourigenic phenotype, implying a key
role for this transcription factor in malignant transforma-
tion of HPV infected cervical cells.?

Current management of recurrent or
metastatic HPV-related gynaecological cancers

Early-stage cervical, vaginal and vulvar cancer are treated
with radical intent with either surgery or combination
chemo-radiotherapy. However, recurrent or metastatic dis-
ecase is almost universally fatal and treatment is aimed at
controlling symptoms and prolonging survival. Historically
cisplatin chemotherapy was the standard of care for
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Figure 2. E6 and E7 oncogenes. E6 binds to p53 and induces its degradation. E7 binds the Rb gene product and causes the
transcription factor E2F to become unbound and free to induce the cell cycle activation/proliferation. Rb, retinoblastoma protein.

cervical cancer, with an overall response rate (ORR)
between 20% and 30%, progression-free survival (PFS) of
approximately 3 months and overall survival (OS) between
6.5 and 9.0 months.?* Various studies have examined the
benefit of adding a second chemotherapeutic agent with
some modest improvement in clinical outcomes observed.
The addition of paclitaxel or topotecan to cisplatin improves
ORR and PFS compared to cisplatin monotherapy, but OS
remains poor at less than 10 months.?*?

The GOG 240 trial investigated the addition of bevaci-
zumab, a monoclonal antibody against vascular endothe-
lial growth factor, to platinum-based chemotherapy in
patients with metastatic, persistent or recurrent cervical
carcinoma. This increased median OS by 3.5 months com-
pared with chemotherapy alone (16.8 vs 13.3 months, HR:
0.77 (95% CI: 0.62-0.95)),%° and thus, the combination of
paclitaxel—cisplatin with bevacizumab is now considered
the standard first-line therapy for metastatic or recurrent
cervical cancer.

There is no standard second-line therapy for advanced
cervical cancer following failure of first-line treatment.
Numerous agents have been trialled including vinorelbine,
topotecan, gemcitabine, nanoparticle albumin-bound
paclitaxel, with a median PFS between 2 and 4 months and
response rates as low as 0%—-19%.%" Recent approval of
pembrolizumab, an immune checkpoint inhibitor (ICI),
may add improvement to these figures (discussed below),
but such is the lack of conclusive and comparative efficacy
data to support second-line therapy that international guide-
lines such as those from the European Society of Medical
Oncology (ESMO) state that ‘no recommendation can be
given about the most effective second-line treatment”.?’

In the case of recurrent or metastatic vaginal or vulvar
cancer, chemotherapy is considered when no other effec-
tive treatments (surgery or radiotherapy) are available.
Several phase II studies have reported on the effects of

chemotherapy for recurrent diseases but no treatment is
regarded as standard of care.28-3!

As there is a lack of effective treatment strategies and
poor survival in these groups of patients, urgent novel
approaches are required to improve outcome. Due to the
almost ubiquitous presence of HPV within these malig-
nancies, one approach is to target HPV as a therapeutic
strategy.

The immune response and HPV

Bivalent and quadrivalent HPV vaccines became availa-
ble in 2006 with the aim of primary prevention of HPV
infection via the generation of neutralizing antibody. Each
has shown more than 90% efficacy in preventing HPV
type 16 and 18.3? In 2018, a nine-valent vaccine was intro-
duced, having demonstrated efficacy at 6 years in women
aged 16-26 years.> However, the uptake of these vac-
cines is limited in some countries, particularly developing
countries which suffer the greatest burden of this disease.
Prophylactic vaccination programmes can be costly to
deploy in these regions and have limited cross-protection
(i.e. do not cover other hrHPV types). Though likely only
effective in HPV naive individuals, there is some debate
over whether the vaccine may also prevent reinfection in
those who have spontaneously cleared the virus, and in
those vaccinated post-treatment for intraepithelial neopla-
sia.343% Preventive vaccines have no therapeutic action
for those already infected with HPV, as they operate by
mounting a humoral immune response directed against
viral capsid proteins which are lost as HPV is integrated
into the host genome.*® In the case of established infec-
tions, a cell-mediated immune response is required.
Persistent hrHPV infections and preinvasive lesions are
significantly more frequent in immunosuppressed indi-
viduals, such as untreated HIV patients *° or recipients of
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Table |. Therapeutic vaccine targeting HPV E6 * E7.

Type Vaccine

Target

Live (bacterial and viral)

vector-based vaccine TA-HPV (viral)

Peptide ISA 101

Protein SGN-00101

Nucleic acid ZYCIOIA
VGV-3100a

ADXSI11-011 (bacterial)

HPV-16 E7 fusion protein

HPV-16 E6 and E7 peptide
HPV-16 E7 peptide

HPV-16 E7 fusion protein

HPV-16 E7 HLA-A2 peptide
Plasmid targeting HPV16/18 E6/E7

anti-rejections therapies post-transplant.*! This is sup-
ported by two large studies which show that viral persis-
tence corresponds with a lack of demonstrable
HPV-specific T-cell immunity and that (transient) clear-
ance or regression of lesions is indeed associated with the
presence of HPV-specific immunity.*>** In patients with
high-grade cervical lesions, HPV 18-specific Thl immu-
nity is associated with higher production of IFN-gamma
and thus a more dense T cell infiltrate and better clinical
outcomes.* Therefore, these data support the concept that
cellular (i.e. T cell) immunity in HPV infection is impor-
tant, particularly in malignant transformation.

For HPV-driven cancers, regulating the immune system
is viewed as critical for controlling tumour growth.
Strategies to manipulate the immune system in HPV-
driven cancers can be either by direct manipulation of the
immunogenicity associated with HPV oncoproteins (e.g.
vaccines) or indirectly by targeting a component of the
HPV-induced phenotype (e.g. ICIs).

Direct targeting of HPV in cervical cancer

The E6 and E7 oncoproteins pose attractive targets for
cancer therapy. They are constitutively expressed in HPV-
positive tumours, specific to the tumour, functionally
important to the tumour cells and recognized by the adap-
tive immune system as tumour antigens. In clinical stud-
ies, T-cells specific to E6 and E7 are detectable in patients
and are associated with more favourable outcomes.*>*°
There are two ways in which one can induce a T-cell
response against tumour antigens: either by vaccinating
with the proposed antigen in a bid to create a natural T cell
response in vivo or by artificially generating tumour anti-
gen specific T-cells ex vivo and infusing them back to the
patient. Both methods have been developed in treatment
for HPV-induced malignancies as a form of direct
targeting.

HPV Therapeutic Vaccines. The ideal vaccine activates
effector killer-cells while silencing regulatory factors,
generating memory cells that can mount a strong immune
response and prevents reinfection by HPV and cancer
relapse. Several different classes of vaccine have been
developed including live vectors, protein and nucleic acid
vaccines (Table 1). The majority of these vaccines are

currently in the pre-clinical setting, but below we discuss
those that have been tested in early phase clinical trials.

ADXSI11-011 is a live, highly attenuated Listeria
monocytogenes (Lm) bioengineered to secrete an HPV-16
E7 fusion protein. Listeria monocytogenes has been uti-
lized for decades as an immunotherapeutic bacterial vec-
tor for the delivery of foreign antigen. In the case of
ADXSI11-011, Lm has been bioengineered to secrete an
HPV-16 E7 fusion protein which targets HPV transformed
cells, but itself acts as a natural adjuvant. The Lm vectors
enter the blood stream and are internalized by antigen pre-
senting cells (APCs) and also stimulates an innate immune
response. Once inside the APCs, they secrete the pore-
forming toxin listeriolysin O (LLO), a virulence factor
that destroys the phagosomal membrane and therefore
allows escape of the live organism from the phagolyso-
some. LLO is released into the APC cytosol as multiple
copies of the fusion protein Lm-LLO-E7, which is then
processed into peptides for presentation to and activation
of tumour-associated antigen (TAA)-specific T-cells. Lm-
LLO-E7 is highly immunogenic and drives the immune
system by promoting the differentiation of TAA-specific
T-cells against the E7 proto-oncogene, as well as innate
immunity. 68

The safety of ADXS11-011 was first assessed in a Phase
1 trial of 15 patients with previously treated recurrent or
metastatic cervical cancer. The vaccine was administered
at dose levels of 1 X 10°, 3.3 X 10% or 1 X 10'* colony-
forming units (CFU) as an intravenous infusion followed
by a second dose at 3 weeks.* Grade 3 toxicity was
observed in 6 (40%) of patients, with no Grade 4 events.
The highest dose was associated with fever and dose limit-
ing hypotension; 13 patients were evaluable for response,
one partial response (PR) was observed and 7 patients had
stable disease (SD).

Two Phase 2 studies of ADXS11-011 in women with
persistent, recurrent and/or refractory cervical cancer have
been undertaken. In the GOG/NRG-0265 trial, ADXS11-
011 was administered as single agent, given for three doses
at 1 X 10° CFU every 28 days.” Fifty patients were
included, half of them had received more than two lines of
prior therapy. One response was observed (ORR: 2%),
with a disease control rate (DCR) of 32% and 12-month
survival of 38%.3* In the second study, 110 women with
recurrent or metastatic cervical cancer were randomized to
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receive either three doses of ADXS11-001 at 1 X 10° CFU
or four doses of ADXS11-001 at 1 X 10° CFU with con-
current cisplatin chemotherapy.’! There was an ORR of
11% with a DCR of 44% and 12-month survival of 34%.
The addition of cisplatin had no effect. Activity was
observed against all hrHPV strains detected.’! Whether
early introduction of ADXS11-011 can delay or prevent
recurrences is currently under evaluation in the Phase 3
trial, AIM2CERV (NCT02853604). Here, 450 patients
with high-risk locally advanced cervical cancer will be
randomized to receive ADXS11-011 vaccine or placebo
following standard chemoradiation.

While the majority of work involving HPV targeting in
gynaecological cancers has been performed in cervical
cancer, the same principles of treatment can be applied to
HPV-associated vaginal and vulvar cancer. An example of
this is the ISA101 peptide vaccine consisting of 12 syn-
thetic long peptides derived from E6 and E7 of HPV 16.%
ISA101 was initially tested in HPV16-positive high-grade
vulvar intraepithelial neoplasia (VIN).3? In a Phase 2 trial,
vaccines were administered three or four times at three
weekly intervals. The most common adverse events were
local swelling in 100% of patients and fever in 64%, but
none of these toxicities exceeding Grade 2 in severity. At
12 months of follow-up, 79% of patients had a clinical
response, with 47% showing a complete response (CR;
maintained for 24 months follow-up). All patients had vac-
cine-induced T cell responses; in an ad hoc analysis the
patients with CR at 3 months had a significantly stronger T
cell immune response compared to those without a CR.

Following this early data, this vaccine has been applied
to advanced cervical cancer, and a Phase 1/2 of ISA101
given for three doses 2 weeks after a second, third and
fourth cycles cycle of carboplatin and paclitaxel demon-
strated a promising ORR of 69% (CR 6%, PR 63%) in
chemotherapy naive patients and an ORR of 26% (CR 4%,
PR 21%) following two or more lines of previous chemo-
therapy.>* Clinical correlation of improved response was
seen in patients with robust HPV 16 specific T-cell
response (as measured by enzyme-linked immunospot
assay), thus proving treatment intent. Further studies in
cervical cancer are required to confirm these results.

Combination therapy of vaccines with other immune
modulatory agents are likely to be investigated in future.
Recent reports from Phase 2 testing of combination
nivolumab (an ICI targeting programmed cell death 1 (PD-
1)) with ISA101 has shown promising results in a HPV 16
positive patients.>> The study population consisted of 24
cancer patients who had presence of HPV 16 on archival
tumour tissue analysis; 22 with oropharyngeal cancer, 1
anal cancer and 1 cervical cancer. Combination treatment
resulted in an ORR of 33% (90% CI: 19%—-50%). The one
patient with cervical cancer achieved SD by RECIST cri-
teria. This clinical study therefore supports the concept of
combining cancer vaccination with immune checkpoint

blockade. Further ISA101 combination studies are recruit-
ing, and specifically in cervix cancer, the vaccine is being
trialled with Phase 1/2 with carboplatin and paclitaxel with
or without bevacizumab (NCT02128126).

Other novel methods to directly target the E6/7 include
MEDI0457, a combination of synthetic plasmids targeting
HPV-16 and HPV-18 E6/E7 antigens and a recombinant
interleukin-12 (IL-12) encoding molecular adjuvant. This
DNA vaccine is aimed to enhance immunogenicity with
the addition of the plasmid cytokine adjuvant and was safe
in the Phase 1 setting when given to patients with HPV-
associated head and neck SCC.>® A Phase 2 in combination
with the anti-PD-L1 durvalumab is currently recruiting
and includes cervical cancer patients (NCT03439085).

Adoptive T-cell therapy. Adoptive T-cell therapy is a highly
personalized cancer therapy whereby tumour targeted
T-cells (tumour infiltrating lymphocytes or TILs) are
infused directly into the patient. Durable, CRs have been
observed in haematological malignancies and ongoing
studies are underway in patients with solid malignancies
(e.g. NCT03374839, NCT03725605, NCT03175705). It
is hypothesized that the use of HPV targeted TILs will
be effective in HPV-associated cancers, increasing the
response. HPV-TIL therapy has many advantages over
vaccine therapy; T-cells can be manipulated and selected
in vitro, levels of antigen specific T-cells produced are
more than 10 times that seen with traditional vaccine ther-
apy and HPV specific T-cells persist for several months
following infusion.

Stevanovic and colleagues performed a small proof of
concept study and explored the use of adoptive T cell ther-
apy in a cohort of patients with recurrent HPV-positive cer-
vical cancer.”*® Here, patients were treated with a single
infusion of TILs cells with selected HPV E6 and E7 reac-
tivity (HPV-TILs). Cell infusion was preceded by lympho-
cyte-depleting chemotherapy and was followed by
administration of aldesleukin. From the initial cohort of
nine patients, three objective tumour responses (two CRs
and one PR) were observed. The two CRs were ongoing 67
and 53 months after treatment.’>® The one PR was 3
months in duration. On the basis of the initial results, the
cohort was expanded to include an additional nine patients
with a further two PRs of 3 month duration observed.’” The
HPV reactivity of T-cells in the infusion product (as meas-
ured by interferon gamma production, enzyme-linked
immunospot, and CD137 upregulation assays) correlated
positively with clinical response and the frequency of
HPV-reactive T-cells in peripheral blood 1 month after
treatment was positively associated with clinical
response.>® While the HPV reactivity of TILs were predic-
tive of response, subsequent analysis demonstrated that
HPV-reactive TILs were not the immunodominant T-cells
in the two patients with prolonged CR.% Instead, T-cell
reactivities directed against mutated neoantigens
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or a cancer germline antigen, rather than canonical viral
antigens predominated.*® Thus, while this approach began
as an HPV directed therapy, subsequent analysis revealed
the potential of a novel treatment paradigm of targeting
non-viral tumour antigens in HPV-associated cancers.*
Nevertheless, the remarkable, prolonged CR observed in
two patients in this study following a single infusion of
TILs suggests that cellular therapy for HPV directed can-
cers merits further investigation.

An alternative approach to TILs is administration of
peripheral blood T-cells genetically engineered to express
a tumour-targeting chimeric antigen receptor (CAR) or
T-cell receptor (TCR). While encouraging results have
been observed in patients with haematological malignan-
cies, strategies utilized in epithelial cancer have generally
targeted antigens shared by the tumour and normal tissue
resulting in off tumour toxicity.® The HPV oncoprotein
represents an attractive target for TCR gene engineered
T-cells, due to the lack of expression within normal tissue.
T-cells genetically engineered to express a restricted HPV
epitope have demonstrated specific recognition and killing
of HPV-positive cancer cell lines in vitro.!

Indirect targeting of HPV in cervical cancer

Following HPV infection, the development of cancer is a
multistep process resulting in deregulation of critical
molecular processes and immune surveillance. As such,
the presence of HPV infection induces a number of pheno-
typic changes which can be exploited therapeutically and
will be explored in this section.

ICls. In addition to the vaccine-based therapy described
above, there has been an increased interest in the use of
ICIs in an effort to reverse the immune privileges state
seen in the tumour microenvironment. A number of ICI
monoclonal antibodies are licenced for use in solid malig-
nancies with significant improvement in clinical out-
come.%?%3 Essentially, ICIs work by blocking the inhibitory
signals that prevent T cell activation, thus switching on the
cellular immune response against tumour antigens. To
date, the primary therapeutic targets of immune modula-
tion in clinical practice include CTL antigen-4 (CTLA-4)
and PD-1 which play a nonredundant role as negative reg-
ulators of immune function.** CTLA-4, through engage-
ment with its ligands CD80 and CD86, plays a pivotal role
in attenuating early activation of naive and memory
T-cells. Conversely, PD-1 is involved in modulating T-cell
activity in peripheral tissues. HPV evades host immune
surveillance through increased expression of programmed
death ligand 1 (PD-L1), enabling viral persistence and the
development of malignant lesions.®

There have been a number of studies examining the
role of ICIs in advanced cervical cancer with response
rates to single agent therapy ranging from 8.8% to 26.3%,

with the greatest responses observed with earlier lines of
treatment and PD-L1 positive tumours.®*% On the basis
of an observed ORR of 14.6% (95% CI: 7.8-24.2) in
PD-L1 positive tumours within the KEYNOTE-158 trial
(NCT02628067), pembrolizumab received FDA regula-
tory approval for use in advanced cervical cancer. Of note,
the trial observed no responses in PD-L1 negative
tumours. The dose of 200mg, at three-weekly intervals, is
specifically licenced for patients with metastatic cervical
cancer who have tumours expressing PD-L1 with evi-
dence of disease progression post-chemotherapy.®”
Following on from this, the Phase 3 KEYNOTE-826 trial
(NCT03635567) is exploring pembrolizumab plus chem-
otherapy compared to chemotherapy alone in the first-line
metastatic setting.

The Checkmate 358 early phase trial (NCT02488759)
examined the role of nivolumab (anti-PD-1) either alone or
in combination with ipililumab (anti-CTLA-4), relatlimab
(anti-LAG3) or daratumumab (binds to CD38) in HPV-
driven cancers (including cervical and vaginal/vulvar can-
cer). Results with single agent nivolumab in cervical (n =
19) and vaginal/vulvar (n = 5) patients demonstrate an
ORR of 26.3% (95% CI: 9.1-51.2) and 20.0% (95% CI:
0.5-71.6) respectively. The duration of response (DOR)
has yet to be reached in the five responding cervical
patients (range: 23.3-29.5+ months), and was 5 months in
the single vaginal/vulvar patient.® Preliminary results
from cervical patients treated with combination nivolumab
3mg/kg 2 weekly plus ipililumab 1mg/kg 6 weekly (regi-
men A) or nivolumab Img/kg plus ipililumab 3mg/kg
3 weekly X4, followed by nivolumab 240 mg two
weekly maintenance (regimen B) shows an ORR of
23.1% (n = 26; 95% CI: 9.0-43.6) and 36.4% (n = 22,
95% CI: 17.2-59.3), respectively, in previously treated
patients. In patients who had received no prior therapy
for their recurrent or metastatic disease, the ORR were
31.6% (n = 19, 95% CI: 12.6-56.6) for regimen A and
45.8% (n = 24, 95% CI: 25.6-67.2) for regimen B.
Responses appear to be durable, and at a median follow-up
of >10 months, the median DOR has yet to be reached in
patients who have had no prior treatment for both regi-
mens and was 14.6 months (regimen A) and 9.5 months
(regimen B) for previously treated patients. Of note, unlike
pembrolizumab, responses were noted regardless of
tumour cell PD-L1 expression.”' Results from the other
combination arms are awaited.

A number of prospective, randomized trials involving
ICI either alone or in combination with chemotherapy or
other ICIs are ongoing in both advanced and early stage
disease. This includes GOG 3016 EMPOWER-Cervical 1
(NCT03257267) comparing the PD-1 inhibitor cemipli-
mab with investigator choice chemotherapy in patients
with recurrent, persistent, or metastatic cervical cancer and
SKYSCRAPER-04 (NCT04300647) comparing the
PD-L1 inhibitor atezolizumab alone versus in combination
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with the anti-TIGIT antibody tiragolumab in patients with
recurrent or metastatic PD-L1 cervical cancer.

The observation that the FDA approved pembroli-
zumab on the basis of a non-randomized Phase 2 trial
demonstrates the significant unmet clinical need for this
group of patients. Combination strategies are clearly
promising, and further data are needed to increase the
number of patients who benefit.

Defective signalling pathways. There are several distinct sig-
nalling pathways implicated in the deregulation of critical
molecular processes that affect cell proliferation and dif-
ferentiation in HPV-induced malignancies and targeted
therapy against these pathways could serve as a therapeu-
tic option for treating these cancers.

The DDR pathway represents one such approach for
HPV-induced malignancies. During the oncogenic process
the E7 oncoprotein inactivates Rb, while E6 promotes deg-
radation of p53 (Figure 2), an integral component of DDR.
As a consequence, HPV-positive cervical cancer cells dis-
play significantly impaired ability to activate cell cycle
checkpoints and to induce apoptosis upon DNA damage.””
Furthermore, the expression of HPV E6 and E7 oncopro-
teins induces numerous structural chromosomal aberra-
tions, anaphase bridges as well as elevated levels of
y-H2AX, all pointing at defective DNA repair.”>7 These
observations render HPV-induced malignancies poten-
tially vulnerable to DDR targeted therapy (reviewed exten-
sively by Wieringa et al.).”® Many agents targeting DDR
including inhibitors of ATR, ATM and DNAPK are in
early phase clinical development.”® As such, in advanced
cervical cancer there is interest in several early phase trials
trialling modulators of DNA repair (such as PARP, ATM
and ATR inhibitors) in combination with standard chemo-
therapy or radiotherapy (NCT01281852, NCT02223923,
NCT02595879, NCT02466971).

Future directions and conclusions

Despite vaccination programmes, HPV-driven cancers are
likely to remain an ongoing challenge worldwide. The
prognosis for advanced, metastatic HPV-related gynaeco-
logical cancers is poor with limited treatment options.
Hence, there is a major requirement to develop effective
treatments to improve outcomes. An improved understand-
ing of the critical molecular events induced by HPV-related
oncoproteins has offered the opportunity to develop HPV-
specific therapies. This review has summarized these novel
approaches, including therapeutic vaccines, TILs, CAR-T
cells, ICIs and DDR agents.

Results of ongoing clinical trials are required to conclu-
sively determine the impact of these novel agents. To date,
there are no data from large randomized Phase 3 trials to
confirm the promising results observed in non-randomized
studies, and thus, firm comparisons to the current standard

of care are difficult. However, based on existing early-
phase trial data, and extrapolating from other cancers in
which immune-based therapies have proven successful,
there is the promise of long-term responses in patients with
advanced HPV-driven gynaecological cancers.

As with any systemic anticancer therapy, resistance,
tolerance and relapse are likely. Therefore, it is important
that this is explored in ongoing, prospective studies with
a focus on predictive biomarkers, for example, immune
cell infiltrate or immunosuppressive factors with immune
therapy.”” One way to overcome resistance is a multimodal
approach, and as such these novel therapies should not
only be compared to the current standard of care but also
tested in combination with them. This is already the case
for chemotherapy and HPV vaccines.*!** Pre-clinical data
with combination radiotherapy and cancer vaccines show
radiotherapy induces immunogenic tumour cell stress and
death that results in enhanced sensitivity to T-cells,’®”
thus combining the two treatments could more effective
than just vaccination alone for locally advanced disease.
After combination with current treatment agents, the next
likely pathway will be combining successful novel agents.
This approach has already shown an almost doubling of
median OS when vaccine and ICI are combined (compared
to ICI alone),>® and as such further combination trials are
likely to be proposed.

It is recognized that the greatest burden of HPV-driven
malignancy is in low income countries, where many of the
treatment strategies discussed above will be prohibitable
for widespread use due to expense. Therefore, it is impera-
tive that efforts remain focused on preventive strategies
alongside the development of novel treatments.

In conclusion, by furthering our understanding of HPV
tumourigenesis, we are now on the cusp of meaningful
translational clinical progress. As such, there should be
ongoing optimism for the future treatment field of HPV-
driven gynaecological cancers.
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