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Is immunotherapy a potential game changer in managing human papillomavirus (HPV) infection

and intraepithelial neoplasia?

ABSTRACT

The International Papillomavirus Conference was held in Washington DC in April 2023 and encompassed wide ranging basic, clinical and public health research
relating to animal and human papillomaviruses. This editorial is a personal reflection, it does not attempt to be comprehensive and reports on some key aspects
centred on the prospects for immune interventions in prevention and treatment of HPV infections and early precancers with a focus on cervical neoplasia. There is
optimism for the future impact of immunotherapy in treating early HPV associated disease. This will depend on developing an appropriate design of vaccines and
delivery vehicles which then need to be properly tested in clinical trials that are able to measure a useful clinical endpoint. Thereafter vaccines (prophylactic or
therapeutic) still need global access and sufficient uptake to deliver impact and a key and necessary driver is education.

Prophylactic vaccination and cervical screening with widespread
coverage from 2020 onwards was modelled and shown to have the po-
tential to avert up to 12-5-13-4 million cervical cancer cases by 2069
and, by the end of this century, achieve an average cervical cancer
incidence of around at least four per 100 000 women per year for all
country human development index categories [1]. Delivering this
outcome, while achievable in high income countries, was always going
to be more challenging for low-middle income countries (LMIC). A WHO
global strategy to accelerate the elimination of cervical cancer as a
public health problem was presented and unanimously endorsed by the
World Health Assembly in August 2020. The targets are focused on a
societal based elimination with 90% of girls to be fully vaccinated with a
HPV prophylactic vaccine by 15 years of age; 70% of women to be
screened with a high-precision test at 35 and 45 years of age, and 90% of
women identified with the cervical disease to receive treatment and care
by 2030.

A presentation by Dillner (Sweden) reported that 125 countries had
some sort of prophylactic vaccination programme and one vendor alone
had provided 525 million doses. Unfortunately, the impact of the Covid
19 pandemic and vaccine shortages has significantly undermined the
already ambitious vaccination targets set. This is encouraging the in-
clusion of gender-neutral vaccination [2] as well as the concept of
immunizing the transmitting age cohort [3] to boost impacts. Impor-
tantly, Bruni (Spain) highlighted the deficit in access to adequate
screening in LMIC where 90% of cases occur [4] plus of the challenges in
implementing treatment strategies linked to available screening [5]. The
good news is that with high coverage vaccination, the licenced VLP
vaccines continue to show long term and herd protection with excellent
safety data. There is now persuasive evidence for the efficacy of one dose
regimes of the VLP vaccines in preventing HPV associated neoplasia
[6-9]. Indeed, the WHO has sanctioned the latter [10] which has been
adopted by the UK and Australia with 2 dose variations for the immu-
nocompromised. This will undoubtedly simplify the logistics of vacci-
nation programmes in LMIC and is predicted to deliver cost effective
protection even with assumptions of waning immunity providing there
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is sufficient coverage plus a catch-up vaccination strategy [11]. The
imminent availability of biosimilar vaccines from new manufacturers
will overcome issues of supply as well as impact price. Further technical
improvements that reduce cold chain requirements will also help
logistical issues and deliver improved cost effectiveness [12]. Even so, it
is apparent that an additional approach will be required particularly for
LMIC in order to deliver timely equitable cervical cancer prevention.

Therapeutic HPV vaccines (TxV), which could clear persistent
high-risk HPV infection and/or cause regression of pre-cancerous le-
sions, are in early clinical development and might offer one such
approach [13]. The precise vaccine specifications, including required
efficacy, to optimize the impact and add value are likely to be pivotal in
TxV development. Stanley (UK) outlined the likely key elements based
on our knowledge from both animal and human immunological
research. The goal should be to generate specific T cells versus E6/E7
oncogenes but also including E1/E2 targets, with a diversity of T-cell
receptor (TCR) affinity and producing an appropriate range of poly-
functional cytokines to be able to optimally target HPV infection or
associated intraepithelial neoplasia. It is probable that such T cells may
be best produced with a prime/boost vaccination regime but there is an
absolute necessity to provide the necessary signals (possibly using se-
lective adjuvants) to enable the programming of such effectors for tar-
geting the mucosal infection/lesion sites. Modelling studies were
reported by Canfell (Australia) on the potential impact of TxV mass
vaccination for eliminating a productive infection or inducing regression
of a primary lesion with differing scenarios for delivery and follow up
testing. Obviously, there are plethora of assumptions required (which
may not be correct) but the results predicted, for example in
sub-Saharan Africa, a significant impact over a hundred years, particu-
larly important if 90-70-90 approach does not deliver. There are a
number of issues that will need to be addressed in plotting a successful
pathway to implementing this type of strategy.

Immune ignorance, deviation and escape. The natural history of
viral infection and early carcinogenesis is characterised by viral stealth
and immune deviation in the lesion microenvironment. High-risk HPV is
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an obligate intracellular parasite with its lifecycle driven by deregula-
tion of the differentiation of its target epithelium. In the cervix, infection
is favoured at the transformation zone (TMZ) of the squamous columnar
junction where reserve cells are targeted and generate a metaplasia
[14]. A productive viral infection can yield infectious viral particles in
terminally differentiated cells without necessarily alerting the immune
system. For clearance of a pathogenic infection, induction of a local
inflammatory response dovetailed to recruit the best immune effectors
to resolve the threat is needed. This requires a nonspecific innate im-
mune response where local damage and/or specific pathogen associated
molecular patterns engage with pattern recognition receptors on antigen
presenting cells (APCs) for activation and sampling of the local antigen
environment. These APCs then migrate to local lymph nodes in a
chemokine-dependent manner, where relevant antigen-specific T cells
are activated and subsequently become recruited to the inflammatory
site. In some people, for unknown reasons, this does not happen and the
HPV infection helps to subvert this process. In addition to the stealth
tactic (immune ignorance), the viral gene expression leads to early
compromise of the innate immune system (e. g. loss of APCs) facilitating
viral persistence and increased risk of cancer. Over time, a series of
interactive and self-reinforcing events accumulate an immune suppres-
sive microenvironment through the actions of multiple immune re-
ceptors, chemokines or cytokines (immune deviation) promoting
chronic infection [15]. Viral persistence gives opportunity for viral
oncogene sabotaged cellular DNA repair to promote genomic instability,
with selection of genetic changes with advantage (including for immune
escape) driving lesion neoplastic progression.

Novel factors regulating immune recognition in PV infection are
still being discovered. Lambert (USA) described the use of the mouse PV
(MmuPV1) infection model to investigate virus-host interactions. RNA
seq data from virus induced ear papillomas compared to normal tissue in
nude mice identified the upregulation of stress keratins [16] These had
previously been reported as relevant to tumourgenesis in HPV 16
transgenic mice [17]. Over expression of stress keratin K17 was
confirmed at the protein level in MmuPV1 induced papillomas in
immunocompetent FVB/N mice. Using knockout (KO) mice for K17
established its requirement for papilloma growth in immunocompetent
mice. It was shown that there was rapid regression of the papillomas
with the reduced proliferation of the cells and downregulation of viral
transcription in the KO mice dependent on T cell surveillance. It is
apparent that K17 regulates global gene expression and specifically host
genes associated with the immune response and cell cycle/division. This
dysregulation in the K17KO mice correlates with increased numbers of
infiltrating CD8™ T cells and upregulation of interferon (IFN)y-related
genes, including CXCL9 and CXCL10, prior to complete regression.
Blocking the receptor for these chemokines prevented early regression.
More recent work has investigated the role of oestrogen in MmuPV1
infection and associated disease in the female reproductive tract [18].
Oestrogen-treatment facilitated MmuPV1 infection and/or establish-
ment in wild type (WT) mice and viral clearance was not seen in either
WT or K17KO mice. While neoplastic disease progression was promoted
by the presence of K17 the latter was exacerbated by oestrogen. It ap-
pears that the steroid induces a systemic immune-suppressive state in
MmuPV1-infected animals while oestrogen and K17 modulate the local
immune microenvironment of the MmuPV1-induced neoplastic lesions.
The results support a role for oestrogen and K17 at multiple stages of
papillomavirus induced disease at least in part through immunomodu-
lation. Cervix infection by MmuPv1 in oestrogen treated K17 null mice
increases the number of sustained lesions. The severity of the latter is
proportional to the degree of neutrophil infiltration but depletion ex-
acerbates the disease state implying an anti-tumour neutrophil compo-
nent. This is consistent with recent studies which have highlighted the
role of recruitment of neutrophils by activated T cells to attack cancers
[19]. Myeloid cells are most often associated with an immunosuppres-
sive environment where cytotoxic T cells become exhausted by chronic
stimulation and fail to kill tumour cells [20]. In a mouse tumour model,
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in attempts to boost endogenous anti-tumour CD8 T cells, activating
antibodies to CD40 (TNF receptor superfamily; stimulation boosts T cell
activation) and anti-PD1 (unblocks a checkpoint control to boost T cell
anti-tumour responses) were used [21]. Successful immunotherapy was
critically dependent on the preferential recruitment to the tumour of a
subset of neutrophils with an immature phenotype expressing high
L-selectin and a type-1 IFN signalling signature. It was also shown that
the efficacy of these neutrophils depends on the ability of a particular
subset of dendritic cells to cross present antigen to CD8 T cells. This
recent work highlights the central role of the innate immune system in
coordinating and optimising anti-tumour immune responses. As
mentioned above, an early consequence of HPV infection can be the loss
of antigen presenting cells. In a second example, antibodies to 0X40
(CD134, a TNF receptor) and to CTLA4 (CD152, an immune checkpoint
receptor), to respectively stimulate T cells and unblock checkpoint
control, are used to boost T cell anti-tumour responses together with
CDA4 T helper cells expressing a cancer specific TCR. In this scenario, the
recruitment and activation of the non-specific anti-tumour neutrophils is
critically dependent on the CD4 T cells. In this study, mature neutrophils
were active, inducing nitic oxide synthase to effect killing [22]. Clearly
more research is required to better understand and control the spectrum
of neutrophil activities ranging from toxic to protective of tumours.

Yet another level of complication is illustrated by the recognition
that the ability of CD8 T cells to gain access to the lesional epithelium
can be dependent on factors like the vascular endothelial expression of
mucosal addressin cell adhesion molecule-1, the ligand that supports
entry of a4p7 T cells into tissue. In persistent dysplastic epithelium there
is a dysregulation in expression of vascular adhesion molecules which
plays a role in immune evasion very early in the course of HPV disease
[23]. These various examples reinforce the need to devise vaccines and
immunisation regimes which can facilitate the efficient entry to the
target tissue of antigen specific T cells able to overcome any local im-
mune suppression but also cooperate with other anti-tumour effectors.

The above examples identify novel but insufficiently understood
mechanisms by which papillomavirus-infected cells evade or can be
controlled by host immunity. These types of observations emphasize the
need to better understand host (tissue specific)-virus interactions from
relevant animal models as these aspects are virtually impossible to study
in real time in e.g. human anogenital disease. Usefully, MmuPv-1
infection can develop lesions in cutaneous and mucosal sites including
the base of the tongue although development of invasive cancers in
immunocompetent mice is relatively rare. A presentation from Bilger
(USA) asked the question how long does it take to form a cancer with a
surprising answer. When MmuPV1 is presented at a skin wound site in
K14ES5 mice, lesions appear with an earlier onset, higher incidence and
reduced frequency of spontaneous regression than in non-transgenic
mice [24]. However, the E5 transgene alone can promote skin tu-
mours upon wounding, albeit with reduced efficiency. The E5 is acting
like a co-carcinogen in papillomavirus-induced pathogenesis in the
context of a natural papillomavirus infection model. As expected, there
was reduced T cell infiltration with clear differences apparent with the
E5 transgenic compared to WT mice by 4 weeks. At two weeks, there is
clear evidence of virus production, at 4 weeks dose dependent persis-
tence and such lesions can display the histopathological features of a
cancer although only a minority will fully progress. In human cervical
neoplasia, it is generally believed that the only cancers that screening
can prevent are those that have not developed yet and that tumours
rarely arise and grow to diagnostic size within less than 5 years. Is the
potential for progression seeded, albeit relatively infrequently, at the
very start of infection and more importantly is this already immune
compromised?

HPV detection, clearance and latency. Clearance usually occurs
rapidly among infections that are destined to clear, regardless of type
[25]. It is persistent infection with high-risk HPV types which is asso-
ciated with the development of cervical intraepithelial neoplasia
(CIN3)-+ with an 8 year % risk of 55, 33, 32, 31 for HPV types 16, 33, 18,
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and 31 respectively [26]. In contemplating therapeutic immune inter-
vention for such circumstances, it will be vital to establish exactly what
is meant by endpoints like viral or lesion clearance and the best methods
and timings to monitor any efficacy. Doorbar (UK) showed an example of
a productive HPV 16 infection (no neoplastic changes apparent) and a
HPV45 high grade cervical intraepithelial neoplastic lesion at another
site in the same cervix. In this type of patient, the HPV16 could resolve
spontaneously, or be “cleared” by natural or vaccine induced (cell
mediated) immunity but it is also possible that HPV 16 episomes could
still persist in some undifferentiated stem cell as an undetectable latent
infection. The threat from such latency and the role of any immune
memory in controlling future infections and/or reactivations is really
not known. By contrast, the HPV45 associated high grade cervical
intraepithelial lesion (unproductive of virions with likely virus/host
genome integration disabling E2 expression) might not be susceptible to
immunity raised against HPV 16/18 oncogene targeted vaccine and/or
the local immune deviation may well have compromised the ability to
deliver cure. To what extent these hurdles can be efficiently surmounted
is unknown but recent advances in vaccine design and delivery may
provide a suitable platform for effective immunotherapy.

Tx vaccines for treating CIN. At this point, the reality is that
although many different TxV vaccines have been tested, the evidence so
far available is that they may not work well enough [27]. Most of such
vaccines target the HPV 16 or HPV 16 and 18, E6 and E7 oncoproteins
using a variety of delivery vehicles based on nucleic acids (DNA/RNA)
peptides, proteins or bacterial and viral vectors. A presentation by
Kawana (Japan) reviewed the results from phase IIB clinical trials with a
double-blind, placebo controlled, randomized design, of three vaccines
in tests of regression rates of cervical intraepithelial neoplasia (CIN) 2/3.
These were VGX3100 (DNA-based vaccine targeting the E6 and E7
proteins of HPV-16 and -18), Tipapkinogen Sovacivec (TS; a modified
vaccinia virus Ankara (MVA), a highly attenuated replication-deficient
strain of vaccinia virus, with inserted genes for human cytokine IL-2,
and modified forms of HPV 16 E6 and E7 proteins) and IGMKK16E7
(Bacterial vector lactobacilli-based vaccine encoding HPV 16 E7). In the
per protocol sets, the respective complete regression rates in vaccine
treated CIN2/3 patients were around 40, 24 and 31% but this repre-
sented only 23, 14 or 19% greater than the spontaneous regression rates.
These differences are more evident for TS and IGMKK vaccines if only
HPV16 and/or CIN3 patients are considered.

The results from the VGX-3100 vaccine trials, 49% histopathological
regression from CIN2/3 to CIN 1 at six months with no recurrence of
high grade squamous intraepithelial lesion (HSIL) and 91% with no
detectable HPV-16/18 infection at 18 months [28,29], provided the
platform for the vaccine to enter prospective, randomized, double blind,
placebo-controlled phase 3 clinical trials in patients with HPV 16 and/or
18 CIN 2/3. The primary endpoint was the proportion of participants
with no HSIL or HPV16 and/or HPV 18 at week 36 (NCT03185013;
NCTO03721978). The first (REVEAL 1) indicated that this vaccine met its
primary endpoint in a modified intent-to-treat (mITT) analysis (i.e.,
excluding eight patients without sufficient results). 23.7% of 131 pa-
tients in the vaccinated group responded (with HSIL regression and HPV
clearance), while 11.3% of 62 patients in the placebo group did so at
week 36. There was a modest but statistically significant vaccination
efficacy (12.4%) [30,31]. Following the results of the first of the trials
and talks with the FDA, the primary endpoint for the second study
(REVEAL 2) was changed. This narrowed the analysis to a
biomarker-based subpopulation of women that the sponsor believed
were more likely to respond to therapy, rather than all comers. Unfor-
tunately, VGX-3100 was no better than placebo at improving lesion
regression and viral clearance in the biomarker-based subpopulation of
women with high-grade squamous intraepithelial lesions, However,
VGX-3100 did significantly improve lesion regression and viral clear-
ance in the original all-participants primary endpoint population. This
attempt to make a phase 3 trial better resulted in making it worse as it
subsequently failed against the new measure but delivered on the
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original endpoint. This is a hard and expensive lesson since the FDA no
longer rate REVEAL 2 as pivotal for potential licensure and one or two
additional trials will be required in the biomarker population, further
compounded by the possibility that it might not have been a good choice
of subpopulation in the first place [32].

There are many other Tx vaccines in development and/or in clinical
trial [12,31,33] and future novelties in formulation, adjuvantation and
immunisation regimes may be able to help surpass the bar which is set so
high in respect of overcoming immune barriers or clinical trial re-
quirements. The key question is what level of efficacy would be of value
(and licensable). The answer will vary depending on the efficacy of
existing treatment which in a screened population for cervical cancer is
extremely high. With more efficacious vaccines the prevention of pre-
cancer as an endpoint might be proven but would still require large and
very long duration clinical trials. When considering other anogenital
sites (vulvar, anus) where treatment options based on excision are less
attractive it is possible that a lower efficacy could still be of clinical
value. Not to be discussed here, is the fact that some treatments of HPV
associated cancers using checkpoint inhibitor immunotherapy are
already licenced for some conditions but there is still need for massive
improvements. This is likely to come from a better understanding of the
tumour microenvironment and its dynamic influence on the immune
response. More importantly it will require the means to influence mul-
tivarious immune, tissue related and viral factors by the rationale
deployment of immunotherapeutic interventions and their optimal
sequencing in the context of conventional treatment approaches for
particular conditions.

Tx Vaccines for treating HPV infection. There is of course no
treatment option for HPV infection per se so this might be a more
tractable goal but designing trials to test such vaccine approaches will
need to account a natural clearance rate of between 6 months and 2
years of acquisition and the fact a minority progress to precancer. One
possible design of trial could test individuals with incident HPV infec-
tion (no CIN) for impact of the vaccine compared to placebo, on the time
to clearance and duration of subsequent HPV negativity. There is little
doubt that if sufficiently efficacious this would prove a useful incentive
in the uptake of screening since it provides a treatment option for the
management of women who receive a positive HPV test and clearing
infections will also reduce transmission. Since the precise events that
lead to persistence and the potential sequelae are unknown it is not clear
whether all infections will be equally responsive to a TxV. More
importantly, utilising additional vaccine antigens including E1 and E2
might be a recipe for broader vaccine specificity relevant to early gene
expression in infection and with more potential for cross reaction to
multiple HPV types than with the more type specific E6 and E7 proteins.
To address this TxVs using different viral vectors, chimpanzee adeno-
virus (ChadOx1) and MVA, have been developed which target E1, E2, E4
and E5 as well as E6 and E7 antigens from five high-risk HPV subtypes
[34]. This additional targeting and opportunity for a prime boost
vaccination schedule is aimed at achieving higher clinical efficacy than
other TxV. NCT04607850 is a phase 1b/2, randomised,
placebo-controlled, dose-ranging study to evaluate safety, tolerability
and immunogenicity of a chimpanzee adenovirus (ChAdOx1)- and
MVA-vectored multi-genotype high-risk HPV vaccines in women with
low-grade HPV-related cervical lesions.

Other cancer sites and gender issues. Our knowledge of the nat-
ural history of HPV associated carcinogenesis at the cervix is generally
believed to be relevant to other genital sites [14] as well as the anus [35]
but for the oropharynx HPV associated cancers, there is no definitive
information about precursor lesions [36]. There were several studies
presented on the investigation of blood (HPV specific antibodies or
DNA) or saliva to detect (screen) and monitor HPV associated OPSCC.
This will be the topic of a coming review for TVR (Punyadeera in
preparation). If TxV can be successful deployed to treat infection and
dysplasia of the cervix then there is expectation that this would also
influence disease at other sites where there is HPV driven
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carcinogenesis, including in men. A potential complication is that there
are differences in HPV acquisition both by gender and site of infection.
For example, a high prevalence of genital HPV is found in men across
their lifespan and with a constant acquisition rate with age whereas that
rate of new infections decreases in women [37,38]. Similarly, anal HPV
prevalence in men appears constant across the lifespan [39,40]. There is
a lack of understanding of such differences but these may be influenced
by distinctions in lifetime sexual practices, reactivation of latent in-
fections or fluctuations in the level of viral replication in individuals
with persistent infections or differential protection conferred from
naturally acquired immunity. Consistent with the latter, the proportion
of seroconversion (neutralising antibodies) following natural HPV
infection in men is lower than women, with a low level of response not
usually protective against infection [41] possibly making men more
susceptible to recurrent infections. All this points to the benefit of
gender-neutral prophylactic HPV vaccination to directly benefit men as
well as to more rapidly achieve population level declines in HPV
infection and related diseases among both men and women.

There is a significant female and male anal cancer disease burden
with the global age-standardized incidence rate of HIV-negative squa-
mous cell carcinoma higher in women (0.55 cases per 100 000) than
men (0.28) but when considering HIV-positivity, it is higher in men
(0.07) than women (0.02) [42]. HIV + people show a high prevalence
and incidence of anal HPV infection and anal HSIL correlated with an
elevated risk of anal cancer [43]. Efforts to prevent anal cancer in at-risk
groups, based on the secondary prevention of cervical cancer, have been
developed using high-resolution anoscopy and cytology where those
screened as positive, have HSIL removal through ablation, surgical
excision, or other treatments [44,45].

Anal cancer prevention is highly desirable since the cancer is asso-
ciated with poor survival at later stages. Intensity-modulated radio-
therapy followed by chemotherapy (mitomycin-C and 5-fluorouracil) is
considered the standard of care, albeit with associated acute and chronic
side effects, with surgery only used for the lowest risk, early-stage tu-
mours or for recurrent/persistent disease [46]. Data on the success of
screening and early treatment of anal precancers was presented by
Palefsky (USA). A phase 3 clinical trial (ANCHOR study) was conducted
in HIV + persons 35yrs or older who had biopsy proven anal HSIL,
randomly assigned to receive treatment (ablation or excision or topical
treatment with fluorouracil or imiquimod). The primary endpoint was
progression to anal cancer in a time event analysis. For participants with
biopsy proven HSIL, the risk of anal cancer was significantly reduced
with treatment compared to active monitoring [47]. At 48 months
progression was 0.9% in the treatment compared to 1.8% in the moni-
tored group. The progression rate from HSIL appears to be high and
obviously biomarkers that can improve the sensitivity and specificity of
precancer detection will be of great value. It is interesting to speculate as
to whether TxV intervention might be of significant value in treatment of
anal dysplasia.

Final comments. Plenary speaker, Barney Graham (USA) reflected
on the world’s response in developing vaccines against to COVID19. In
these exceptional circumstances, from over 350 vaccine projects, some
150 had some clinical evaluation with only about 6.5 months to reach a
phase 3 evaluation for some of the best candidates. Existing knowledge
of the virus life cycle informing antigen design [48], the use of the
mRNA technology allowing for chemical synthesis [49] as well as other
vectors [50,51] were critical in vaccine development. Testing was
facilitated by the frequency of population-based cases allowing for
timely success in preventing many deaths [52]. Unfortunately, there has
been much less impact in LMIC, which emphasises the need for justice,
equity, cooperation and coordination in delivering vaccines. This
apparently rapid development was in fact a major beneficiary of more
than 40 years of experience in trying to produce HIV vaccines. Likewise
flagging mRNA vaccines as a panacea for use in other conditions is
unwarranted. In spite of some of the riders to therapeutic HPV vaccine
development mentioned above, I am optimistic about their eventual
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impact in HPV associated disease providing the appropriate design of
vaccines and delivery vehicles are properly tested in clinical trials that
are able to measure a useful clinical endpoint. Thereafter vaccines
(prophylactic or therapeutic) still need global access and sufficient up-
take to deliver impact and a key and necessary driver is education.
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