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The World Health Organization (WHO) global strategy to eliminate cervical cancer (CxCa) could result in
>62 million lives saved by 2120 if strategy targets are reached and maintained: 90% of adolescent girls
receiving prophylactic human papillomavirus (HPV) vaccine, 70% of women receiving twice-lifetime cer-
vical cancer screening, and 90% of cervical pre-cancer lesions and invasive CxCa treated. However, the
cost and complexity of CxCa screening and treatment approaches has hampered scale-up, particularly
in low- and middle-income countries (LMICs), and new approaches are needed. Therapeutic HPV vaccines
(TxV), which could clear persistent high-risk HPV infection and/or cause regression of pre-cancerous
lesions, are in early clinical development and might offer one such approach. During October 2021 to
March 2022, WHO, in collaboration with the Bill and Melinda Gates Foundation, convened a series of glo-
bal expert consultations to lay the groundwork for understanding the potential value of TxV in the con-
text of current CxCa prevention efforts and for defining WHO preferred product characteristics (PPCs) for
TxV. WHO PPCs describe preferences for vaccine attributes that would help optimize vaccine value and
use in meeting the global public health need. This paper reports on the main discussion points and find-
ings from the expert consultations. Experts identified several ways in which TxV might address chal-
lenges in current CxCa prevention programmes, but emphasized that the potential value of TxV will
depend on their degree of efficacy and how quickly they can be developed and implemented relative
to ongoing scale-up of existing interventions. Consultation participants also discussed potential use-
cases for TxV, important PPC considerations (e.g., vaccine indications, target populations, and delivery
strategies), and critical modelling needs for predicting TxV impact and cost-effectiveness.
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1. Introduction

Cervical cancer (CxCa), the fourth leading cause of cancer deaths
for women globally, is a vaccine-preventable global public health
problem, caused almost exclusively by sexual transmission of
oncogenic types of human papillomavirus (HPV) [1]. In 2020, an
estimated 604,000 women were diagnosed with CxCa, and approx-
imately 342,000 women died of CxCa [2]. Nearly 90% of CxCa-
associated deaths occurred in women in low- and middle-income
countries (LMICs), largely due to limited access to public health
services including CxCa screening and treatment.

In response to this, the World Health Organization (WHO) pub-
lished a Global Strategy to Accelerate the Elimination of Cervical
Cancer as a Public Health Issue in 2020, which set a goal for reduc-
ing cases below a global threshold of 4 cases per 100,000 women
[3]. The strategy includes 2030 programmatic targets which all
countries should aim to achieve and maintain to reach this goal.
These are:

� To fully vaccinate 90% of girls with prophylactic HPV vaccines
by the age of 15.

� To ensure 70% of women receive CxCa screening twice in their
lifetime with a high-performance test (e.g. HPV DNA testing).

� To provide treatment to 90% of women with cervical lesions
(pre-cancer and CxCa).

This global strategy provides a roadmap for eliminating CxCa
as a public health problem within a century, with the potential
to save 62 million lives by 2120 if the three 2030 targets are suc-
cessfully reached and sustained [4,5]. Scale-up of prophylactic
HPV vaccine for adolescent girls will have a significant effect in
preventing CxCa and its associated mortality, but substantial
impact will likely not be seen for 30–40 years [4]. Reaching the
WHO 2030 target for delivering prophylactic vaccination is pre-
dicted to avert >45 million deaths from CxCa. CxCa screening
and treatment is crucial to address the prophylactic vaccine cov-
erage gap, including for women who did not receive the prophy-
lactic vaccine due to age or access restrictions and women and
girls who received the prophylactic vaccine after having already
acquired an oncogenic HPV infection. Reaching 2030 targets for
screening and treatment, in addition to vaccination, is predicted
to save an additional 17 million lives by 2021, with a total of
62 million lives saved from all three pillars of the WHO strategy
[5]. The complexity of CxCa screening and treatment approaches,
which may require several visits for women testing positive for
high-risk (hr) HPV, and persistent inequities in access to both pro-
phylactic vaccination and screening and treatment programs are
both major hurdles to reaching the 2030 goals, particularly in
LMICs [6].

Therapeutic HPV vaccines (TxV) that could clear persistent
hrHPV infection and/or cause regression of CIN2/3 lesions offer
the potential to address the gaps currently left by prophylactic vac-
cine and screening and treatment programs, which might in turn
reduce CxCa mortality on the path to CxCa elimination. Several
TxV candidates are currently in development. The potential value
of TxV increases if they can be developed and rolled out quickly.
Understanding the potential added value of such a product will
be critical in guiding its development. It will also be important to
consider how these vaccines would be used and delivered within
the broader CxCa prevention and treatment context, as well as
what vaccine attributes would optimise public health impact.
The vaccine characteristics may also affect the relative benefits
and numbers needed to vaccinate when considering different use
cases. High quality modelling offers an approach to assess the
relative values of uses cases, delivery approaches, and vaccine
attributes.
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As part of its mission to facilitate rapid vaccine development for
global public health, WHO has three main workstreams to develop
guidance on vaccine development (Box 1).
Box 1. WHO Guidance on Vaccine Development.
Workstreams:
 Objectives:
Full value of vaccines
assessments [5]
Quantify the health, economic,
and societal burden the
vaccine would address, and
predict the impact and value
the vaccine would have in
addressing those outcomes.
Preferred product
characteristics (PPC)
documents [7]
Describe the attributes that
would optimise the vaccine’s
benefit for global health, who
would receive it, and how it
would be used and delivered.
Research and development
roadmaps and clinical
development pathways
Assess what it will take to
develop effective vaccines,
evaluate them in clinical trials,
and complete relevant
regulatory processes, and
address knowledge gaps.
WHO has embarked on efforts to understand the potential health,
economic, and societal value of TxV, particularly for LMICs, while
vaccine candidates are still in early stages of development [5].
This approach parallels efforts to identify, early on, the use case
(s) (how and for whom the vaccine would be used) and vaccine
attributes that would help optimise the global public health
value. Preferred product characteristics (PPCs) outline WHO’s
preferences for product attributes that will help meet the global
public health need for vaccines, with a focus on LMICs. PPCs
are pathogen-specific and intended to guide product-specific tar-
get profiles for products that will eventually seek WHO policy
recommendations and pre-qualification. PPCs include characteris-
tics such as vaccine indications, target populations, immunization
delivery strategies, safety and efficacy considerations, and dosing
schedules [7].

To lay the groundwork for understanding the potential value
of TxV and key considerations for defining optimal use cases and
PPCs for TxV, WHO, in partnership with the Bill & Melinda Gates
Foundation, held a series of global expert online consultations
starting in October 2021. The initial consultation brought
together around 65 experts in HPV and CxCa science, epidemiol-
ogy, modelling, and public health control programs, along with
experts in vaccine development and implementation. A list of
all participants is included at the end of this document, in
Annex 1.

The objectives of the initial consultation were to:

1. Define the public health need for TxV and discuss the vaccines’
potential value in the context of existing CxCa prevention
programs.

2. Outline important use cases and key considerations for TxV
PPCs, in particular: preferred indication(s), target populations,
and programmatic delivery approaches in LMICs.

3. Define modelling efforts, key modelling scenarios, and data
needs to inform the full value of vaccines assessment and PPCs
for HPV therapeutic vaccines.

Following the October 2021 consultation, several smaller vir-
tual consultations took place with focused groups of experts in
HPV vaccine development, CxCa clinical and technical aspects,



H.J. Prudden, S.L. Achilles, C. Schocken et al. Vaccine 40 (2022) 5843–5855
CxCa program implementation, and modelling. The purpose of
these meetings was to discuss the key considerations related to
understanding the potential value and PPCs for TxV in more depth,
and to provide guidance to modellers commissioned to evaluate
the predicted impact and cost-effectiveness of TxV. Experts pro-
vided guidance on important model parameters, and on the most
reasonable assumptions related to TxV characteristics, background
coverage for prophylactic vaccination, screening and treatment,
and TxV implementation options.

This report describes the outcomes of the consultations, which
will lay the groundwork for developing a PPC document for TxV
and contribute to future value assessments.
2. Background on HPV and cervical cancer

2.1. Biology and natural history

The vast majority of CxCa are caused by infection with one of a
subset of human papillomaviruses (HPVs) that preferentially infect
the mucosal epithelia of the anogenital, oral and upper respiratory
tract. Thirteen of these viruses are recognized as high risk (hr)
since they encode genes whose protein products can transform
normal healthy cells and cause cancer (oncogenic). Two hr types,
HPV16 and HPV18 are associated, with 70% of all cervical cancers.
In addition to CxCa, oncogenic HPVs, particularly HPV16, are asso-
ciated with a proportion of anal, oro-pharyngeal, penile, vulval, and
vaginal cancers. Overall, HPV causes >5% of all cancers.

The HPV genome (Fig. 1) can be divided into three domains: the
upstream regulatory region (URR); the early (E) genes; and the late
(L) genes. The URR is the noncoding region that contains regulatory
elements that controls the expression of the eight viral genes that
make up the remainder of the genome. The early gene region
encodes E1, E2 and E4–E7, which express proteins essential for
viral replication, viral DNA synthesis, and amplification. The late
region encodes the viral capsid proteins L1 and L2. All current
highly effective prophylactic HPV vaccines target L1.
Fig. 1. The HPV
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Multiple modifiable risk-factors may contribute to the risk of
acquiring HPV, including the age at sexual debut and the number
of lifetime sexual partners [8]. There is increased biological vulner-
ability in younger females associated with the cervical transforma-
tion zone that is undergoing active metaplastic changes. This,
coupled with an HPV-naïve immune system and frequent sexual
partner changes that are common among 15–24 year olds, makes
this age group particularly vulnerable and correlates with observed
HPV prevalence [9].

The one-year clearance rate of incident HPV infections in
women ranges from 40% to 70%, depending on the population stud-
ied and HPV type. Clearance rates as high as 70–100% have been
observed in young women 2–5 years post- infection [9]. Whilst
infections tend to clear at the same rate, regardless of age [10],
low-risk HPV infections clear more quickly than hrHPV [11].
Amongst women who do not clear the infection, progression to
cervical intraepithelial neoplasia (CIN)2/3 – pre-cancerous cervical
lesions – is estimated to occur in 8–28%, depending on the HR type.
Without intervention in these individuals, an additional 3–5% will
progress to invasive CxCa [9]. Generally CxCa takes 15–20 years to
develop in women with normal immune systems. For those with
weakened immune systems, such as women with untreated HIV
infection, CxCa may develop faster (5–10years) [12].
2.2. Epidemiology

Data from high-income settings show that between 50% and
79% of women have a lifetime risk of acquiring a genital HPV infec-
tion, with 40% of women infected within the first two years of sex-
ual debut [13] and an additional 40% infected with a hrHPV type at
some point in their lives [14]. Data from 2019 demonstrate that the
estimated global prevalence of HPV, among women of all age
groups with normal cervical cytology, is 9.9% [13].

The estimated age standardized global mortality rate per year in
2020 from CxCa is 13.3/100,000 women, but with marked inequity
in the distribution. In many higher income countries, this figure is
Genome.



Fig. 2. Estimated age-standardized incidence rates of cervical cancer in 2020 (all ages), from GLOBOCAN 2020, IARC.
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fewer than 7 cases per 100,000, with rates above 25 per 100 000 in
many countries in sub-Saharan Africa [2] (Fig. 2). These higher
rates are not only explained by lower rates of CxCa screening
and treatment in this area, but also by the higher incidence of
HIV, which increases by six-fold women’s risk for CxCa [15,16].
Globally, 5.8% of new CxCa cases in 2018 were diagnosed in
women living with HIV (WLHIV). In southern Africa, 63.8% of
women with cervical cancer were living with HIV, as were 27.4%
of women in eastern Africa, where HIV prevalence levels range
from 2% to 27% in the general population within these regions
[17], showing the significant burden of CxCa in WLHIV [15]. Conse-
quently, the increased burden and more limited access to screen-
ing and treatment in both lower-middle income and upper-
middle income countries results in 91% of all deaths from cervical
cancer occurring in LMICs [18].

2.3. Cervical cancer intervention programmes

Programmes to prevent CxCa morbidity and mortality are cur-
rently three-fold: primary prevention, which includes administra-
tion of prophylactic HPV vaccines; secondary prevention, which
involves a ‘‘screening with or without triage of screen-positives”
approach to identify women who have HPV-related CIN2/3 for
treatment to prevent progression to CxCa; and treatment of inva-
sive cancer with access to palliative care.

2.3.1. Prophylactic HPV vaccines
Prophylactic HPV vaccines are comprised of HPV L1 proteins

self-assembled into virus-like particles with the ability to induce
high levels of neutralising antibodies that protect against HPV
infection [19]. Clinical trials have shown prophylactic HPV vaccines
to be safe and highly efficacious in preventing initial infection with
the HPV types included in the vaccine, among type-naïve partici-
pants [20],[21],[22],[23]. The first HPV vaccine licensed in 2006
was an aluminium salt-adjuvanted quadrivalent vaccine (HPV4)
that protects against HPV 6, 11, 16 and 18. A Toll-like receptor
(TLR) 4 agonist-alum adjuvanted bivalent vaccine (HPV2) targeting
only the most common hrHPV types 16 and 18 was licensed in
2007. In 2014, a nine-valent vaccine (HPV9) was licensed, offering
protection against HPV 6, 11, 16, 18, 31, 33, 45, 52 and 58. The five
5846
additional types targeted by HPV9 are estimated to be responsible
for an additional 20% of CxCa in addition to protection from HPV 16
and 18 that are responsible for approximately 70% of CxCa cases
[11]. In 2021, an additional alum-adjuvanted bivalent vaccine pro-
tecting against HPV 16 and 18 was also licensed and will help fur-
ther improve global supply and demand for HPV vaccines [24].
Although there may be some evidence of more limited cross pro-
tection against other HPV types [25], the vaccines are not
efficacious against some other HPV types, the vaccines do not have
a therapeutic effect on existing infection or lesions.

Because HPV infections are commonly acquired soon after sex-
ual debut, WHO recommends use of prophylactic HPV vaccines in
early adolescence, with the primary target being girls before the
initiation of sexual activity (9–14year–olds) for the prevention of
CxCa [26]. Vaccination of both sexes is typically less cost-
effective than vaccination of girls only [27]; however, some coun-
tries, especially HICs, include boys as a target cohort [28]. School-
based programmes are mainly used as the vaccine delivery strat-
egy among LMICs, resulting in relatively higher coverage than
the facility-based programmes [28].

Prophylactic HPV vaccines have been shown to have a positive
impact on a population level. Countries that have achieved high
coverage of adolescent girls with prophylactic HPV vaccination
have observed dramatic declines in HPV prevalence and the inci-
dence of cervical pre-cancers [29]. A recent study from England,
where adolescent HPV vaccination programmes are longstanding,
demonstrated a substantial reduction in CxCa and CIN3, especially
in women who were offered the vaccine at age 12–13 years of age
[20]. An earlier study from Australia had similar findings [30]. In
Sweden, vaccination has decreased the incidence of CxCa in young
women by 85% [21].
2.3.2. CxCa screening and treatment
There are three principal approaches to CxCa screening: cytol-

ogy, visual inspection with acetic acid (VIA), and HPV DNA or
mRNA testing. The Papanicolaou test, based on conventional cytol-
ogy has largely been replaced by Liquid Based Cytology (LBC), a
more advanced variation of conventional cytology [31]. Cytology
results are positive when cellular abnormalities are seen sugges-
tive of dysplasia, which then must be confirmed by colposcopy,
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and appropriate treatment is determined by colposcopic-directed
biopsy of suspected lesions for histological diagnosis. This
approach has yielded excellent results in reducing CxCa mortality
in HIC [32] and has been less successful in LMIC settings due to
the lack of cytologists and expert colposcopists in many LMICS,
as well as the lack of lab infrastructure to perform the tests [33].
Visual inspection with acetic acid (VIA), with sensitivity and speci-
ficity values ranging from approximately 22–91% and 47–99% for
detecting CIN2, is an alternative method of diagnosis, and like col-
poscopy, accuracy is strongly dependent on the quality of training
of the practitioner conducting the test [34]. The newest screening
method with high-risk HPV DNA or HPV mRNA detection are the
most sensitive and cost-effective diagnostic. In a comparison of
HPV to cytology for detecting pre-cancerous lesions, the relative
sensitivity is 1.35 (1.23–1.48, 95 %CI), showing hrHPV DNA testing
to have a higher sensitivity, but slightly lower specificity at 0.94
(0.93–0.95, 95 %CI) [31].

WHO recommends the HPV DNA test as the primary screening
test starting at age 30 for women in the general population and
repeated every 5–10 years, rather than cytology or VIA because of
the superior test performance [34]. For the general population of
women, WHO also recommend the use of HPV mRNA starting at
age30with a screening interval of everyfiveyears. Forwomen living
with HIV (WLHIV), HPV DNA is also the recommended primary
screening test to start at age 25, with 3–5 years between screening
intervals [34]. For women with a positive HPV test, WHO recom-
mends either ‘‘screen and treat” or ‘‘screen, triage and treat”.

In the ‘‘screen and treat” approach, the decision to treat is based
on a positive primary screening test only, preferably HPV DNA or
mRNA test. Before treatment, all women who have screened posi-
tive should undergo a visual examination of the cervix with acetic
acid to exclude cervical cancer and to determine appropriateness
for ablative treatment.

In the ‘‘screen, triage and treat” approach, the decision to treat
is based on a positive primary screening test followed by a positive
second (‘‘triage”) test. The WHO recommended primary test is HPV
DNA detection followed by partial genotyping, colposcopy, VIA or
cytology as a triage test [28]. If treatment is indicated and the
lesion is appropriate (small and entirely visible on the ectocervix),
it can be treated with ablation, which destroys abnormal tissue by
freezing (cryotherapy) or application of heat (thermal ablation). If
the lesion is not appropriate for ablation, it can be surgically
excised by removing the entire abnormal transformation zone,
using large loop excision of the transformation zone (LLETZ), loop
electrosurgical excision procedure (LEEP), or cold knife conization
(CKC). Women with suspected cancers must be referred for further
evaluation and management [28].

2.3.3. CxCa management and treatment
Case management is based on staging of the disease. Early stage

CxCa is treatable by surgery or radiotherapy, with long-term sur-
vival and cure in around 80% of individuals where timely diagnosis
and high-quality treatment are available [35]. WHO recommends
surgery and radiotherapy, with or without chemotherapy, for early
stages of CxCa [34]. WHO also recommends integrating palliative
care into the treatment plan throughout the course of the disease.
Effective early stage treatment is paramount, as standard of care
radio- and chemotherapies of late stage, metastatic CxCa tend to
have low cure and survival rates [36].

Cancer diagnostic and treatment services show wide disparities.
Coverage levels of CxCa management services in the public sector
are generally above 90% in HICs; however, coverage of such ser-
vices is generally under 30% in low-income countries and ranges
from around 40% to 70% for access to cancer centres, surgery,
radiotherapy, chemotherapy and pathology services in lower-
middle income countries. Cost, complexity, and lack of health sys-
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tem infrastructure and human resources remain barriers to effec-
tive widespread implementation.

3. Therapeutic HPV vaccine development

No licensed TxV currently exist. To date, a wide variety of
approaches have been used to develop TxV, including peptide, pro-
tein, DNA, RNA, and viral-vectored vaccine candidates. These have
been predominantly based on the E6/E7 antigens. A review by
BMGF in 2019 of TxV candidates in clinical trials at that time is
shown in Table 1. Most TxV candidates in clinical development tar-
get advanced CxCa and pre-cancerous cells (e.g., CIN2/3).

3.1. Scientific challenges in developing therapeutic HPV vaccines

The development of a therapeutic HPV vaccine is challenging, in
part because the mechanism of the virus in evading the innate
immune response requires that a vaccine must be highly immuno-
genic and elicit a strong antigen-specific cytotoxic response. To
date, TxV development has focused on targeting invasive CxCa
and CIN2/3 lesions. However, where advanced lesions have often
undergone immune selection, a T-regulatory dominance and
greater immune repressive local environment provide scientific
and immunological challenges to achieving an efficacious vaccine.
Experts suggested that TxV targeting HPV infection or low-grade
lesions may be more effective compared to CIN3 or cancer because
they are less likely to have undergone immune selection.

For either a vaccine targeting hrHPV infection or a vaccine tar-
geting advanced CIN2/3 lesions or cervical cancer, experts agreed
that an effective single dose vaccine was unlikely. However, they
noted the possibility that a single-encounter visit could be done
if an additional dose (or doses) were self-administered, such as
an intra-vaginal administration booster dose [37].

4. Public health need for therapeutic HPV vaccines in LMICs

Meeting participants discussed the public health need for TxV
within the context of existing CxCa programmes, with the overar-
ching aim of reducing global CxCa deaths over the next three to
four decades. This involved considering current and predicted
future gaps in scaling up existing interventions and the potential
role TxV might have in filling those gaps. To stimulate discussion,
following presentation of global data on intervention coverage, a
panel including experts from China, Colombia, South Africa, Zim-
babwe, and the International Agency for Research on Cancer (IARC)
highlighted challenges and opportunities for scaling up existing
CxCa prevention and management interventions and how gaps
might be addressed by TxV.

4.1. Implementation and scale-up of existing cervical cancer
programmes

4.1.1. Prophylactic HPV vaccines
As of April 2022, a total of 120 countries had introduced HPV

prophylactic vaccines into their national immunization pro-
grammes [38]. However, only an estimated 13% of young girls
are fully vaccinated globally [39], and HPV vaccines had not
reached those settings most in need: 60% of CxCa cases occur in
countries that have not yet introduced the prophylactic HPV vac-
cine [15].

Additionally, in some LMICs where HPV vaccines are available,
uptake varies widely. For example, in the Americas region, where
most countries have introduced HPV vaccines, coverage of
15 year-old girls with two doses ranges from 4% in Suriname to
72% in Brazil [37].
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Among 47 countries in the WHO African Region, which has the
highest rates of CxCa in the world, 23 countries have introduced
HPV vaccine into their national immunization programme as of
April 2022 [25]. Vaccine coverage varies across countries from 0%
to 77% of eligible girls (9–14–year–olds), through mostly school-
based delivery [28],[40]. In South Africa, where prophylactic HPV
vaccines were introduced in 2014 for 9-year-old girls, 95% of
schools are reached by the programme, with a coverage of 75% of
eligible girls with the first dose [41].

Challenges associated with meeting vaccination targets have
included insufficient global supply of vaccines, costs of the pro-
gramme, low acceptance of the vaccine, and additional
resources required to engage stakeholders. For example, in
China, where there is no national programme, families are
required to pay for the vaccine for their daughters, and market-
ing is poor, resulting in low population demand [42]. Some
meeting participants also noted challenges in areas such as
cold-chain management and integration into existing vaccina-
tion programmes.

Nonetheless, it has been demonstrated that it is feasible to
achieve high coverage of prophylactic HPV vaccines, even in
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resource-poor settings [43]. Furthermore, a Strategic Advisory
Group of Experts on Immunization (SAGE) meeting held in April
2022 advised that countries may now choose a one- or two-dose
schedule for 9–14-year-old girls, the primary target cohorts, and
for women aged 15–20-years-old [44], which would simplify
immunization implementation, increase supply, and reduce pro-
duction bottlenecks and overall costs [45].

4.1.2. Cervical cancer screening and treatment
Access to CxCa screening is very limited in many LMICs. Only 76

countries have achieved an ‘ever’ lifetime screening coverage rate
of over 70%, with 126 countries below this level, and many coun-
tries still with levels of only 0–9% [6], primarily in LMICs (Fig. 3).
This demonstrates the significant challenge of reaching the WHO
elimination targets for 2030. To date, very few countries have fully
transitioned to using HPV DNA testing, with many LMICs still using
VIA, which has limitations and gives variable results.

The complexity and costs of screening and treatment pro-
grammes have been the primary barriers in many LMICs. For
example, in South Africa, screening is only practiced within
research settings or the private sector, with the programme

https://clinicaltrials.gov/


Fig. 3. Global map showing the distribution of country’s lifetime screening coverage (2019), women aged 30–49 years by country. Adapted from Lancet Global Health, 2022,
Bruni et al. (https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(22)00241-8/fulltext).
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deemed to be too expensive to expand to the public sector. Cytol-
ogy is currently the main screening test used; HPV DNA testing is
recommended at the national level, although continued lack of lab
capacity for this testing has continued to limit use. Many settings
report challenges in switching to primary HPV DNA testing, includ-
ing inadequate laboratory facilities and staffing, the high expense
of the diagnostic tests, and weak communication systems to con-
tact women who test positive.

Many meeting participants highlighted that even when screen-
ing occurs, the biggest gap within the cascade of care is often from
screening to treatment, with substantial loss to follow-up after a
positive screening test or limited capacity of the system to deliver
quality treatment. Many challenges contribute to loss to follow up
for women requiring treatment, including costs, lack of experi-
enced staff or equipment at the site of screening, and difficulties
with travel to referral centres. For example, given lack of national
programmes in many countries in the Southern African region,
many women with positive screening tests must pay for their
treatment, resulting in large loss to follow-up. A study by IARC in
Africa demonstrated that one-third of women referred for col-
poscopy never reached the colposcopy centre [46]. Even when
women reach referral centres, a lack of trained clinicians and diffi-
culties with quality control are problematic in several settings, and
peri-operative and pregnancy complications following LLETZ and
other excision remain a concern [47]. In countries with high HIV
prevalence, major barriers to CxCa prevention include high recur-
rence rates of dysplasia following treatment in WLHIV [48]. There
are also difficulties in treating larger lesions or lesions that occur
predominantly inside the endocervical canal. These lesions tend
to have higher failure rates and are more common in the
unscreened population in LMICs [49].

In the future, HPV rapid point-of-care-tests could help to reduce
issues with loss to follow-up, if treatment can be performed at the
same time in a single visit. Whilst these tests are not yet available,
modelling has shown they have the potential to be both effective
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and cost-effective, particularly in high-burden settings [50,51], but
many facilities still lack the means to provide adequate follow-up
treatment.
4.2. Potential role and use cases for therapeutic HPV vaccines

Meeting participants agreed that efficacious TxV could be a
valuable addition to CxCa prevention and treatment efforts,
given the large numbers of women at risk for CxCa who did
not and will not have received a prophylactic vaccine in adoles-
cence and/or prior to infection with hrHPV, and the substantial
challenges related to implementing and achieving high coverage
of screening and treatment. However, the extent to which TxV
might fill existing gaps will depend on their characteristics and
how they would be used. Two high-level use cases were envi-
sioned and discussed by the group. Whilst these are presented
as separate entities, each approach could be adopted concur-
rently in several formats:

� Use case 1 – population-based approach: therapeutic HPV vac-
cine would be delivered broadly to an entire population,
unlinked from testing or evaluation; for example, offered to
all adult women at a given age.

� Use case 2 – screening-based approach: therapeutic HPV vac-
cine would be targeted to a specific subset of people based on
a positive test; for example, given to all women with a positive
HPV DNA or mRNA test.

Both use cases would present an opportunity to clear hrHPV
infection, and potentially regress CIN2/3 lesions, for women who
have or have not previously received prophylactic vaccination.
Both could also address gaps in realization of comprehensive
screening and treatment programs. Use case 1, the broad
population-based approach, would not require any existing screen-
ing infrastructure or coverage, although it would require an infras-



H.J. Prudden, S.L. Achilles, C. Schocken et al. Vaccine 40 (2022) 5843–5855
tructure for mass vaccination. Use case 2, the screening-based
approach, would at least require the capacity to conduct testing
and/or screening for determining eligibility for vaccination. How-
ever, this approach may address some of the existing gaps related
to loss to follow-up, for example vaccination could be given imme-
diately at the time of HPV diagnosis, before referral for manage-
ment and/or treatment. In addition, this approach could address
some of the gaps related to inadequate treatment infrastructure,
by providing a more simplified, non-invasive means of treatment
administered with minimal training. The vaccine might also be
given at the same time as standard treatment, if it were shown
to improve treatment outcomes and reduce recurrence rates. Ther-
apeutic HPV vaccines that could treat invasive cancer would
address large gaps in services; however, the feasibility of develop-
ing such a vaccine was considered very low by experts. Continued
efforts to strengthen existing CxCa prevention and treatment pro-
grammes are needed as work toward development of therapeutic
vaccines progresses.
5. Understanding the potential value of therapeutic HPV
vaccines

Multiple factors will need to be simultaneously considered to
understand the potential value of TxV, within the context of
broader CxCa prevention programmes. The added value of a thera-
peutic vaccine, and its optimal characteristics, will be strongly
influenced by each individual country setting in which it will be
used. Mathematical modelling will be critical in predicting the
impact and cost-effectiveness of TxV in different settings and con-
texts. Based on discussions at the expert consultation meeting, a
modelling exercise is being undertaken, considering different vac-
cine characteristics, use cases, and background implementation of
other interventions. The modelling platform has previously been
used to evaluate the CxCa elimination strategy in 78 LMICs [4,21].

Meeting participants discussed important parameters that con-
tribute to understanding the potential value of therapeutic vaccines,
which is being incorporated into the modelling. One of the impor-
tant parameters is the timeline to develop a therapeutic vaccine, rel-
ative to efforts to increase infrastructure and access to existing
screening and treatment interventions and to the aging of cohorts
vaccinated with prophylactic HPV vaccines in adolescence. Experts
felt that a base-case scenario was vaccine development by 2030;
however, the modelling will be useful to understand the added value
of TxV in a highly optimistic scenario of development by 2027, and
also by vaccines over longer development periods. The main benefits
of TxV would accrue to women who did not receive prophylactic
vaccination in adolescence and where screening and treatment cov-
erage is low. As cohorts vaccinated with PxV in adolescence age, the
value of a TxV will diminish. Scale-up of screening and treatment
and even expansion of catch-up vaccination to older ages, especially
if one dose is proven effective [52], has the potential to have a sim-
ilar and more proximate impact if they can occur quickly. The most
optimistic scenario for scale-up of current prevention programmes
assume that the 2030 targets set out by WHO are met, yet this
would require significant mobilisation and heightened efforts that
may not be feasible in many geographies. More conservative timeli-
nes for reaching these targets could make development and use of a
TxV more favourable. Development of alternative interventions,
such as rapid point-of-care-tests for HPV DNA or pharmacologic
treatments for HPV, in the interim could also shift value considera-
tions [51].

Another important factor in determining impact is the pre-
dicted efficacy of the vaccine for clearing hrHPV infection and/or
for regressing pre-cancerous lesions, which are not mutually exclu-
sive. This parameter will interplay with the use cases for the vac-
5850
cine outlined above and the setting in which the TxV is being
implemented. For example, in settings with a well-established
and effective screening programme with good coverage, a greater
priority may be for a vaccine that improves treatment rates and
targets pre-cancers within the context of a screening programme.
However, current ablative and excisional treatments already have
a high success rate, therefore an HPV Tx targeting pre-cancerous
lesions would need to show significant efficacy and safety advan-
tages in this scenario. In settings where screening coverage is
low and factors which prohibit the scale-up of such programmes
are unlikely to be addressed in the near future, a vaccine targeting
HPV infections, provided more broadly, may offer greater value.
However, to compare the use cases for vaccines with different
characteristics, modelling will help to understand the relative
impact as well as the cost-effectiveness. The numbers needed to
vaccinate will be higher to prevent one case of CxCa under use case
1 (population-based approach), because approximately 80% of
individuals receiving the vaccine will not be positive for HPV infec-
tion, and because around 90% of those with HPV infection and/or
low-grade dysplasia will clear infection and dysplasia naturally
and will not go on to develop CxCa even without vaccination
[53]. This must be weighed against the capacity to reach women
infected with hrHPV if vaccination is linked to screening pro-
grammes such as in use case 2.

The targeting of different HPV types will also be important. A
minimum expectation will likely be a vaccine targeting HPV 16
and 18, which cause 70% of all cervical cancers [54]. A vaccine that
primarily clears HPV infection may provide additional cross pro-
tection against other types, and therefore a higher valency vaccine
may not be a necessity – although potentially useful to have, par-
ticularly for WLHIV.

Finally, a variety of end-user values and preferences, including
from women who could ultimately use such a product, will be
important, related to acceptability and vaccine confidence. Under-
standing these preferences and developing demand creation and
communications strategies in advance will be important to the
ultimate success of a potential new product.

5.1. Modelling considerations for assessing the value of an HPV Tx

The role of mathematical modelling will be important to further
our understanding of the relative value of both use cases, whilst
considering other factors which impact the potential value of a
TxV.

The modelled evaluation will use the established and well-
validated Policy1-Cervix platform [4,18], and will explore the
potential impact of a TxV across 78 LMICs and assess the benefits,
harms and cost-effectiveness of each scenario. It will also consider
the impact of HIV infection, and the likely chance that the TxV will
be less effective in WLHIV. The modelling will be conducted in
three stages and at each stage a consultation process will take
place with an expert advisory committee to review results and pro-
vide further recommendations.

During the initial October 2021 stakeholder consultation, the
group of experts reviewed the parameters for consideration, the
vaccine assumptions, and the outputs within the context of both
use-cases. The initial stakeholder consultation provided an oppor-
tunity for initial feedback and reflections on defining the value of a
therapeutic vaccine for CxCa. Following on from the meeting a ser-
ies of more focused expert consultations took place in February
and March 2022 to inform and guide the modelling exercise. These
consultations involved independent groups of vaccine developers,
cervical cancer experts and cervical cancer implementation
experts. Given the complexity of the modelling exercise and the
significant number of scenarios that could be explored (thousands
of scenarios are considered possible, with a model run time of
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approximately 3 h per scenario), it will be important to focus on
those scenarios which are most feasible and credible for
consideration.

The first stage of the modelling to be carried out in the first half
of 2022 will use a range of scenarios reflecting TxV deployment
under the two major use cases, varying the characteristics of the
TxV and background PxV and screening. The consultations held
in February and March 2022 focused on defining the ‘reasonably
expected’ TxV characteristics to be assumed as base case (default)
input parameters in the modelling, and to define the feasible range
(i.e. ‘best’ and ’worst’) of parameter assumptions for TxV character-
istics. Key considerations also included defining scenarios for dif-
ferent background scale-up assumptions for prophylactic vaccine
coverage, screening and treatment coverage, considering variations
on whether prophylactic vaccine is co-administered and if so, for
which age groups. TxV efficacy assumptions were assessed, in
addition to and how a TxV could be used within clinical manage-
ment algorithms.

Table 2 below, provides a summary of the outcomes and agree-
ments reached from the series of expert consultations. These will
be carried forward and applied to the initial stages of the modelling
and further refined and consolidated in the later stages.

The modelling component of this work, including the model
structure and the key assumptions related to the exercise were
reviewed by an expert panel from the WHO Immunization and Vac-
cines Implementation Research Advisory Committee (IVIR-AC), in
March 2022. IVIR-AC’s role is to put modelling evidence into both
a methodologic context and best practices for the SAGE and the
Immunization, Vaccines and Biologicals (IVB) Department at WHO.
Table 2
HPV TxV vaccine characteristics, coverage of current programmes, and delivery of HPV Tx

Model input (vaccine characteristic, programme
considerations, target population, delivery)

Recommendation for

Vaccine indications TxV targets HPV 16/18
Direct efficacy against 16/18 infection+/-CIN1 90% net clearance of HP
Direct efficacy against 16/18-related CIN2/3 50% regression + cleara
Direct efficacy against cancers No action on cancers
Cross-efficacy against HPV 31, 33, 45 50% (of vaccine efficacy
Efficacy in WLHIV As in general populatio
Timing of introduction Population-level scale-u

case)
Mechanism of delivery Vaccine delivered IM or
PxV background coverage (by 2030) Range (0–90%)

90% by 2030 (best case
no change from current

Screen-and-treat background coverage (by 2030) Range (0–70%)
70% by 2030 (best case
no change from current

Cancer treatment access (by 2030) Range (33–90%)
90% by 2030 (best case
33% no change from cu

Concomitant PxV after TxV Not modelled in base c
Age of administration considered Age 20–60 years (use-c

Age 30–60 years (use-c
Delivery of TxV after primary HPV test positive For Use case 2, assume

Screen 16/18 positive (
Screen any HR-HPV pos

Follow-up after delivery of TxV for HPV positive women For Use case 2, after Tx
All women are lost to f
No women are lost to f
Relative benefits and co

Vaccination coverage (2020–2030) Coverage informed by W
Screen-and-treat background coverage (2020–2030) Coverage informed by r

Published data along w
obtained
Data should be interpre
monitoring, etc.

Cancer treatment access (2020–2030) Radiotherapy used as s
Target groups Focus should be on opt

LMIC at risk of cervical

*These assumptions will be used for the base case; in Stage 2, a range of vaccine param
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The approach was largely supported and endorsed by the committee
with several recommendations and considerations provided [55].

6. Key considerations for developing preferred product
characteristics

Meeting participants discussed key considerations for TxV pre-
ferred product characteristics (PPCs) as a starting point for devel-
oping a formal WHO PPC document through a multistep
consultative process [7]. The discussions revolved around three
key PPCs: vaccine indications, target populations, and delivery
strategies. PPCs focus primarily on preferences for LMICs to
encourage development of TxV for global use.

6.1. Vaccine indications

Vaccine indications provide the basis for licensure and reflect
the main outcomes to be evaluated in vaccine clinical trials. The
choice of the target indication should reflect what the public health
goals of the product are (i.e., reducing CxCa deaths) and link to the
putative mechanism of action. The two main indications that were
discussed by the group were:

(1) an indication to clear HPV infection; and
(2) an indication to regress pre-cancerous lesions.

Meeting participants felt that both indications were likely to
contribute to meeting public health goals, but the indication would
influence how the vaccine would be used. Whilst the first indica-
for the base-case modelling scenario.

the base-case* and the range for the ‘best’ and ‘worst’ scenarios

infection and lesions
V +/- CIN1 (for pre-cancerous lesions that do not spontaneously clear)
nce of CIN2/3

in the base-case) cross-protection against 16/18-related types
n (base case); Lower efficacy explored in sensitivity analysis
p of TxV in LMIC to start from 2027 (best case); 2030 (base case); 2040 (worst

IM prime/intravaginal boost

)
rates (worst case)

)
rates (worst case)

)
rrent rates (worst case)
ase (considered in sensitivity analysis)
ase 1)
ase 2)
TxV administered in women who receive an HPV test and
genotyping only)
itive (any primary HPV)
V in HPV-positive women we assume
ollow-up (worst case);
ollow-up for missed disease (best case)
st-effectiveness assessed
HO/ICO and trajectories informed by metrics like DTP �10% (used by Gavi)

egional-level studies
ith studies on screening coverage in AFRO region stratified by HIV-status will be

ted cautiously, due to differences in screening tests used, lack of formal QA and

urrogate marker for access
imising outcomes in groups at highest-risk in the first instance, (i.e women in
cancer); Impacts of TxV on males and other cancers considered at a later stage

eters will be explored.
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tion (clearing infection) has the greatest potential to be imple-
mented at a population-level (use case 1), the implementation of
the second indication (regressing pre-cancerous lesions) is more
likely to take place within the context of existing screening and
treatment programmes, although both use cases could be applied
to both indications. Additionally, both indications are not mutually
exclusive and a TxV may ultimately target both hrHPV infection as
well as pre-cancerous lesions. In all cases, there will be implica-
tions and considerations for both the cost and scale-up of either
programme. Whilst developmental challenges exist for both indi-
cations, a vaccine with an indication to clear hrHPV infection
may also lead to regression of lesions. An indication of regression
of pre-cancerous lesions may need to prove additional or greater
benefit than the current standard of care recommending ablative
treatment.

6.2. Target populations

A number of factors need to be considered in determining the
most appropriate target populations, including determination of
the population that would receive the greatest direct benefit of
vaccination, the epidemiology and natural history of the infection,
the ability to reach the population through programmes, cost and
cost-effectiveness, and equity. Meeting participants felt that the
primary focus should be on women, who stand to receive the most
direct benefits from the vaccine. However, they suggested that
there may also be a potential role for providing the vaccine to
men, and in particular men who have sex with men (MSM), which
should be explored in modelling, as men may contribute to herd
immunity and gain individual benefits related to other HPV-
related cancers, particularly anogenital lesions for MSM. Cost-
effectiveness will likely be a key determinant of the value of
gender-neutral vaccination.

Age is an important consideration for choice of target popula-
tion, and target age may vary according to the vaccine indication
and use case. For broad population-based delivery of vaccines to
clear HPV infection (use case 1), targeting younger ages of adult
women (e.g., 20–25 years) would occur before many women have
pre-cancer lesions, but would clear many infections that would
likely have cleared naturally, and would run the greatest risk of
new infections being acquired after vaccination given the age-
associated incidence of infection. However, this is dependent on
whether the TxV is capable of inducing sufficient memory to infec-
tions or lesions acquired at a later date, and for how long, following
initial vaccination. It is not yet known whether a TxV will have this
property. Targeting older ages (e.g., 30–35 years) would capture
more infections acquired during the peak years of incidence and
would clear more persistent HPV infections but may also occur
in the setting of more pre-cancer lesions that have already devel-
oped and thus may be more challenging to regress. A vaccine pri-
marily targeting pre-cancerous lesions is more likely to be
targeted at older age groups (30–35 years and older, or 25 year-
olds in WLHIV), in conjunction with screening recommendations.
Such a vaccine could replace or be used alongside existing treat-
ments to increase uptake, thus mitigating the effects of loss-to-
follow-up with the population having received an effective
treatment.

Special consideration will need to be given to WLHIV as a target
population, as CxCa risk is six times higher amongst WLHIV (Stel-
zle et al., 2021). However, the vaccine may not achieve as high an
efficacy in WLHIV.

6.3. Delivery strategies

Preferred delivery strategies will need to consider the ability to
reach the target population to have an impact; the feasibility of
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implementation–e.g., considering whether there is an existing
immunization platform for the proposed target populations; staff
and training requirements, and challenges with implementation;
and costs and cost-effectiveness. To better understand these con-
siderations related to how TxV could be implemented and the fea-
sibility of implementation, a panel session with experts from
Brazil, India, Peru, South Africa, and Sri Lanka started the
discussion.

The availability of an existing delivery platform will be an
important consideration. For broad-based vaccination (use case
1) to clear infection, historically there has not been an immuniza-
tion platform for adults of reproductive age, particularly for a sin-
gle sex. However, the COVID-19 pandemic has provided adult
vaccination platforms that may be a new opportunity for delivery
of other vaccines. Whether they will be as successful outside of a
pandemic is unclear, but the infrastructure and staff training
required for delivering vaccines has been established in many set-
tings. Campaigns were also proposed by meeting participants as an
effective means to deliver such a programme which can be done at
a relatively low cost. The optimal approach would also depend on
the vaccine indication: a vaccine with an indication to regress pre-
cancerous lesions would clearly be best suited for a more targeted,
screening-based vaccination approach (use case 2). Even for a per-
sistent infection indication, contact with the health system might
make vaccine delivery more straightforward; if the clinical setting
involved with CxCa screening includes health workers who are
able to deliver injectables. Several experts felt that, in many set-
tings, implementation of HPV DNA testing and a possible future
TxV would be best suited to a primary care setting, particularly
using self-collection vaginal swabs for screening, and would be
even more effective if rapid HPV POCTs become available [51]. In
a primary care setting, delivery of vaccine at the point of a positive
HPV diagnosis may be simpler, followed by referral to receive a
pelvic examination. Other potential delivery platforms could be
linked to existing programmes, such as post-partum care, family
planning, HIV or STI clinics, or following the first vaccination of a
newborn infant. Of note, HIV care services offer a unique opportu-
nity to target those at highest risk for CxCa in a well-established
and well-attended care system.

Many experts favored targeted screening-based delivery given
the large numbers of women that would need to be vaccinated
using a population-based approach, with only a fraction having
hrHPV infection, many of which would clear on their own. On
the other hand, in settings where scale-up of CxCa screening pro-
grammes has been extremely difficult, as is the case for many
LMICs, it might also be difficult to scale-up a new therapeutic vac-
cine, and a population-based approach may be preferred. Where
scale-up of prophylactic HPV vaccines is also problematic, even
in the context of school-based programmes, delivery of the vaccine
in any setting may be challenging. The screening-based approach
may be most relevant in those settings where the largest barriers
are related to loss to follow-up or inadequacy of treatment infras-
tructure. The vaccine in this context could significantly reduce the
drop-out from screening to treatment, and there would be less
urgency to follow-up if the vaccine were able to treat and clear
the infection.

For any platform, delivery considerations will be driven by cost
and complexity of the approach, the vaccine attributes, the skill set
required to deliver the vaccine, and local contextual factors. For
example, a multi-dose vaccine would add complexity and such a
programme may only be most realistic within ongoing care set-
tings such as those for WLHIV. Storage and transportation will also
be important. Both the upfront cost of the vaccine as well as the
cost of implementation will be key considerations for any pro-
gramme [56].
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7. Conclusion and next steps

Global efforts are needed to address the major toll exacted by
CxCa on millions of women around the world, particularly in
LMICs. The development of therapeutic HPV vaccines has the
potential to address several gaps in reaching global targets to pre-
vent CxCa and reduce CxCa-related deaths over the next several
decades. Understanding the potential added value of such a pro-
duct in the context of existing CxCa prevention efforts, and the vac-
cine attributes and use case that would optimize the added value,
will be critical in guiding TxV development.

A series of expert consultations has delineated several key con-
siderations for understanding the potential public health value and
defining PPCs for therapeutic HPV vaccines. They have also pro-
vided guidance on the likely scenarios and assumptions to be used
in ongoing modelling work to predict the value and cost-
effectiveness of TxV and inform vaccine characteristics that would
optimize impact and value.

The next steps in the process include further advisory meetings
to guide the later stages of the modelling exercise and presentation
of modelling results at a second stakeholder consultation to be
convened in Fall 2022. An end-user survey is also being conducted
to understand the perspectives of people that will ultimately
implement, deliver, use, or benefit from such vaccines (i.e., pro-
gramme and service managers, health providers, and patients) on
the potential value of a HPV Tx, its future use, and optimal charac-
teristics. These activities will further inform and refine the devel-
opment of a final WHO PPC document on TxV, which will be
iterative and consultative, including online public consultation.
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