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Chapter 1. Summary of IARC/NCI Expert Meeting on Primary End-
points for Prophylactic HPV Vaccine Trials

Douglas Lowy, Rolando Herrero, Allan Hildesheim, and John Schiller, for the HPV
Working Group

1.1 Executive summary

The potential of the current licensed preventive virus-like particle (VLP) human
papillomavirus (HPV) vaccines to have a major public health impact is leading to additional
clinical trials. The goals of such trials may include reducing the number of doses of a current
vaccine, evaluating a vaccine similar to a licensed vaccine, increasing the valency of a
licensed vaccine by including VLPs for additional HPV types, or evaluating alternative
prophylactic vaccines that also use a viral capsid protein or polypeptide to induce
neutralizing antibodies.

The Working Group at the IARC/United States National Cancer Institute (NCI) Expert
Meeting of September 2013 primarily reviewed the evidence as to whether it might be
appropriate to use a virological end-point, rather than a disease end-point such as cervical
intraepithelial neoplasia of grade 2 or worse (CIN2+), as the primary end-point for some
future clinical efficacy trials, and the circumstances under which immunobridging trials might
be sufficient for licensure. Virological end-points could accelerate vaccine evaluation and
licensure. Several factors make virological end-points attractive when they represent valid
surrogates for clinical premalignant disease end-points. They are more reproducible as end-
points than disease end-points, they are the most definitive end-points when there is co-
infection by more than one HPV type, and there are substantially more cases of infection by
a given HPV type than cases of such disease. In the clinical trials that have been completed,
efficacy against persistent infection has been found to be as stringent an outcome as CIN2+.
Immunobridging trials have been used to extend the use of currently licensed vaccines to
adolescents, an age group not evaluated in the efficacy trials. In these trials, the induction of
non-inferior serum antibody titres after the same vaccine dosage schedule as in the efficacy
trials has been used as the measure.

Based on a review of the scientific evidence, for most situations, such as infection of the
cervix or anus of young adults (e.g. individuals aged 16-26 years), the Working Group
recommended that persistent HPV infection of 6 months or longer be used as an appropriate
end-point when protection is being evaluated, with reduction in disease being verified by
post-licensure monitoring. If vulvar/vaginal protection is to be evaluated in a trial, it is
recommended to use HPV 16/18-positive high-grade vulvar intraepithelial neoplasia/vaginal
intraepithelial neoplasia (VIN/VAIN) as a disease end-point, as there is relatively little
experience in using persistent HPV infection as a surrogate end-point for vulvar and vaginal
disease. A persistent infection end-point could be considered at these two sites if
subsequent studies validated the ability to detect persistent infection at these sites. A
persistent HPV 16/18 infection end-point is recommended for evaluating oral/oropharyngeal
infection because an oral/oropharyngeal disease end-point comparable to those associated
with anogenital infection is not feasible with current technology. After a vaccine has been
shown to be effective in one population group (e.g. individuals aged 16-26 years),
immunobridging is sufficient for extending licensure to other population groups (e.g.
individuals aged < 16 years). The Working Group recommended that immunological non-
inferiority is an appropriate end-point in such situations, independent of the number of
vaccine doses used to demonstrate such non-inferiority, with reduction in disease being
verified by post-licensure monitoring. The need for standardization of virological and
immunological assays was emphasized.



1.2 Background

1.2.1 HPV infection causes anogenital and oropharyngeal cancers

HPV infection causes several anogenital cancers as well as a subset of oropharyngeal
cancers [1, 2]. Virtually all cases of cervical cancer are attributable to HPV infection [3]. HPV
also causes > 90% of anal cancers and a smaller proportion of vulvar, vaginal, penile, and
oropharyngeal cancers. The incidence of HPV-positive oropharyngeal cancer as well as that
of anal cancer has been increasing in several industrialized countries; HPV-positive
oropharyngeal cancers now account for about two thirds of the cancers at this site in the
USA [4] and an even higher proportion in Sweden [5]. The incidence of HPV-positive
oropharyngeal cancer is substantially lower in developing countries [1].

Cervical cancer accounts for > 90% of the HPV-positive cancers in developing countries,
where it is the third most common cancer in women [1]. More than 95% of the HPV-
associated cancers in developing countries occur in women. By contrast, in some
industrialized countries, the incidence of the non-cervical cancers may be similar to that of
cervical cancer, largely because cervical cancer screening has resulted in a substantial
reduction in the incidence of this cancer and because the incidence of anal and
oropharyngeal cancer has been increasing. About 40% of anal cancers and three quarters of
HPV-positive oropharyngeal cancers occur in men, which means that about one quarter to
one third of the HPV-positive cancers in industrialized countries arise in men. Thus, HPV-
associated cancers in developing countries are dominated by cervical cancer, whereas HPV-
positive cancers in at least some industrialized countries are divided more evenly among the
different sites where HPV infection is widely accepted as potentially leading to malignant
disease.

1.2.2 Pathogenesis of HPV-associated cancer

The stages leading to the development of cancer are best understood for cervical infection
and cervical cancer [2, 6]. HPV infection of the cervix appears to be necessary for the
development of cervical cancer, but it is not sufficient. The interval between infection and
cancer is usually at least 20 years. The majority of infections are self-limited, and the
likelihood of viral clearance is inversely related to the duration of infection. For those
infections that lead to cancer, the infected cells continue to express viral RNA and protein,
which is associated with progression first to premalignant disease (high-grade dysplasia)
and then to invasive cancer [7]. Most HPV-positive cancers at other anogenital sites appear
to arise by an analogous process.

The ability of cervical cancer screening to identify most high-grade dysplasias, which are
then treated, has reduced the incidence of and mortality from this cancer [8, 9]. This success
reinforces the conclusion that such dysplasias represent a necessary step in the
development of cervical cancer.

1.2.3 Oncogenic HPV types

At least 13 HPV types are recognized as being able to cause cervical cancer [10-12]. HPV
16 is the most oncogenic and accounts for about 50-60% of cervical cancer. HPV 18
accounts for about 10-20% of cervical cancer. Infection by more than 10 other HPV types
accounts for the 30% of cervical cancer not attributable to infection by HPV 16 or 18. For
non-cervical cancers, HPV 16 accounts for 80-90%, with HPV 18 accounting for some
additional cases [13].



1.2.4 Rationale for developing the current preventive HPV vaccines

The medical importance of cervical cancer provided the initial public health rationale for
developing a preventive HPV vaccine [14]. The recognition that HPV also causes many
cases of non-cervical cancer provided an additional incentive. Although cervical cancer
screening is a validated secondary prevention approach in some countries for reducing the
incidence of and mortality from this disease, it may be difficult to introduce and maintain, as
it is costly and requires considerable infrastructure. Vaccination could provide primary
prevention of these infections. In addition, a vaccine should be able to prevent the non-
cervical cancers as well, and there are currently no validated public health screening
procedures for the non-cervical cancers. The initial focus of vaccine development was on
HPV 16 and 18 (HPV 16/18), given the overriding importance of these two types to the
development of HPV-positive cancer.

1.2.5 Current HPV vaccines

Two commercial HPV vaccines have been licensed by the United States Food and Drug
Administration (FDA), the European Medicines Agency (EMA), and many other regulatory
authorities. Both are subunit vaccines composed of adjuvanted purified virus-like particles
(VLPs) produced by expressing the L1 major structural viral protein in eukaryotic cells. One
is a bivalent HPV 16/18 VLP vaccine manufactured by GlaxoSmithKline [15]. It is approved
by WHO, and in many countries, for girlslyoung women aged 9-25 years. The other is a
quadrivalent HPV 6/11/16/18 VLP vaccine manufactured by Merck [16]. HPV 6 and 11
together cause about 90% of genital warts. The quadrivalent vaccine is approved by WHO,
and in many countries, for girls’lyoung women aged 9-26 years; it is also approved for
boys/young men in many industrialized countries [17, 18].

When given to unexposed women by the parenteral three-dose schedule approved by
regulatory authorities, the vaccines are highly immunogenic and have demonstrated almost
complete protection of several years’ duration against infection and disease caused by the
HPV types targeted by each vaccine (vaccine types). The vaccines also display some
degree of cross-protection against phylogenetically related HPV types (nhon-vaccine types)
[19, 20].

1.2.6 Post-licensure impact of HPV vaccination

Consistent with the efficacy results of the clinical trials, several countries have reported that
vaccination with the quadrivalent vaccine has been associated with a substantial reduction in
the incidence of genital warts in vaccinated girls [21-24]. For both vaccines, there has been
an overall reduction in the prevalence of the HPV types targeted by each vaccine (HPV
16/18 for the bivalent vaccine and HPV 6/11/16/18 for the quadrivalent vaccine) among
young women in the target age group for vaccination [25]. Evidence that herd immunity can
extend to unvaccinated young men who have sex with women (MSW) in populations where
most young women have been vaccinated (with the quadrivalent vaccine) has been seen in
Australia, where the incidence of genital warts has decreased among MSW aged 25 years or
younger [26]. There is also evidence that the incidence of high-grade cervical dysplasia is
decreasing among vaccinated young women [27].

1.2.7 Rationale for additional clinical trials

There is considerable interest in conducting additional clinical trials of prophylactic HPV
vaccines, given that three intramuscular doses are difficult to deliver, that almost one third of
potentially oncogenic cervical infections are not specifically targeted by the current vaccines,
and that the current vaccines are relatively expensive [28, 29]. Such trials may have various
goals. For example, there may be trials to determine whether VLPs generated by additional
manufacturers are equivalent to those in the licensed vaccines, whether reducing the
number of doses of VLP vaccines may still induce durable high efficacy, or whether
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increasing the valency of the vaccines, by adding more VLPs from additional HPV types, can
broaden the strong protection to these additional HPV types. Other trials may use VLPs but
test whether it would be advantageous to deliver them by alternative routes (such as via the
skin or inhalation), or they may use viral capsomeres instead of VLPs to test whether such a
formulation might have advantages. Trials to extend vaccination to infants and children are
also feasible. It is also possible to test the clinical utility of vaccine vectors that encode L1
and are therefore designed to produce L1 in the vaccinee. Other trials may test an
alternative vaccine approach, the use of peptides from the L2 minor capsid protein, because
these peptides contain cross-neutralization epitopes shared by many HPV types. Such
candidate L2 peptides may therefore serve as the basis for an inexpensive vaccine that
could protect against infection and disease caused by a broad spectrum of HPV types.

1.2.8 Current primary end-points used for vaccine licensure

Until now, the pivotal vaccine efficacy trials have used protection against the development of
premalignant disease as the primary end-point for determining efficacy [30]. The clinical
lesions to be prevented have included cervical intraepithelial neoplasia of grade 2 or worse
(CIN2+) and corresponding high-grade lesions in the vulva and vagina, and anal dysplasia of
any degree of severity in men. The rationale for including moderate cervical dysplasia (CIN2)
as part of the disease end-point was that the standard of care in many countries requires
treatment of CIN2 lesions, although CIN2 is not considered premalignant by some
investigators, and its diagnosis is less reproducible than severe dysplasia (CIN3). Protection
against invasive cancer was not used as an end-point because the standard of care requires
treatment of premalignant disease, which is recognized as being on the causal pathway to
invasive cancer. Protection against genital warts by the quadrivalent vaccine has also been
used as a primary end-point for men and women. Protection against incident and prevalent
HPV infection during the trials has also been monitored and reported.

Large efficacy trials of both vaccines have been carried out in young women (aged 16—
26 years), leading to licensure for this age group and sex [15, 16]. The quadrivalent vaccine
has also been shown, in more limited studies in young men, to confer protection against
genital warts and low-grade anal dysplasia or worse (anal intraepithelial neoplasia of grade 1
or worse [AIN1+]), resulting in licensure of this vaccine for young men in some countries [17,
18].

1.2.9 Licensure for young adolescents, the main target group for the vaccines

The principal target group for the vaccines is young adolescents who have not yet become
sexually active, because the vaccines confer protection mainly by preventing incident
infection and disease, and because individuals are at high risk of developing HPV infection
soon after the onset of sexual activity. Regulatory authorities agreed that it was not feasible
to conduct efficacy trials of reasonable duration in this young age group. Therefore, licensure
for vaccination of young adolescents has been based on immunobridging trials of young
adolescents that demonstrated that the serum immune responses to three vaccine doses in
this group were not inferior, against the HPV types in the respective vaccine, to the immune
responses induced in the older individuals in the respective efficacy trials. For both sexes,
the immunobridging studies actually indicated that three vaccine doses in young adolescents
induced stronger immune responses than those among the older individuals in whom the
efficacy trials were conducted.

1.3 Rationale for the IARC/NCI Expert Meeting on Primary End-points for Prophylactic
HPV Vaccine Trials

The main purpose of the Expert Meeting was to discuss whether it might be appropriate to
consider using a virological end-point, rather than a disease end-point, as the primary end-
point for at least some future clinical efficacy trials of prophylactic HPV vaccines. When valid,
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virological end-points could accelerate vaccine development and evaluation, leading to
faster approval and implementation of these potentially important public health measures. In
addition, the cost and complexity of HPV vaccine trials are also greater when a disease end-
point such as CIN2+ is used. Now that there are licensed prophylactic vaccines, it may be
unethical for future trials to be placebo-controlled if a candidate vaccine is being tested in
individuals aged 9-26 years. Instead, many future efficacy trials for people in that age range
will be non-inferiority trials, where a new vaccine is compared with a licensed vaccine. For
example, Merck, to evaluate its experimental nonavalent vaccine, which contains five
oncogenic HPV types in addition to the four HPV types in its quadrivalent vaccine,
conducted a trial that compared its efficacy against the five new types to that of the
guadrivalent vaccine (http://www.mercknewsroom.com/news-release/research-and-
development-news/mercks-investigational-9-valent-hpv-vaccine-v503-prevente). Given the
high efficacy of the licensed vaccines against the vaccine HPV types in naive subjects, the
use of a disease end-point such as CIN2+ in a non-inferiority efficacy trial requires a very
large trial, which might discourage future vaccine development.

The principal questions to be considered and discussed at the Expert Meeting were: (i)
whether there was now sufficient information about the performance of the preventive HPV
vaccines that a change in primary end-point might be warranted for some clinical trials, and
(i) what clinical trials might still require the use of a disease end-point. Because
immunobridging has also been used for vaccine licensure for young adolescents, it seemed
desirable to discuss the circumstances under which immunobridging trials might be
sufficient. The goal of the Expert Meeting would be to develop recommendations for clinical
trial primary end-points that could also include post-trial follow-up recommendations.

The concept of holding an Expert Meeting to consider these issues was discussed and
supported at a WHO scoping meeting held in Geneva in February 2013, focused on a future
revision of the Technical Report Series on HPV Vaccines. At the February meeting, it was
decided to hold a larger WHO meeting in Geneva in November 2013, to initiate the revision.
To maximize the potential utility of the Expert Meeting on end-points for HPV vaccine trials, it
was decided to hold it early enough to develop a draft of the report that would be made
available to the participants at the November meeting.

1.4 Expert Meeting on Primary End-points for Prophylactic HPV Vaccine Trials

The Expert Meeting brought together a Working Group composed of experts from the non-
profit public and academic sectors who possessed a wide range of expertise relevant to HPV
vaccines. This included expertise in: basic and clinical HPV biology; HPV epidemiology; HPV
vaccine research and development; the conduct of HPV vaccine trials, post-licensure
surveillance, and cervical cancer screening trials; and HPV vaccine regulatory and
implementation issues.

Conflicts of interest were fully disclosed, and relevant disclosures are included in this IARC
Working Group Report.

The first day of the workshop was devoted to a discussion of the issues surrounding the use
of disease versus virological end-points for different preventive HPV vaccines, for different
anatomical sites of HPV infection, and for sex at anatomical sites where both sexes develop
disease, as well as the role of immunobridging trials. The second day was devoted to
developing recommendations.

There were five main sessions on the first day:
e Session 1: Trials of vaccine efficacy against cervical outcomes associated with HPV
16/18 infection


http://www.mercknewsroom.com/news-release/research-and-development-news/mercks-investigational-9-valent-hpv-vaccine-v503-prevente
http://www.mercknewsroom.com/news-release/research-and-development-news/mercks-investigational-9-valent-hpv-vaccine-v503-prevente

e Session 2: Trials of vaccine efficacy against cervical outcomes associated with other
(non-HPV 16/18) types
e Session 3: Evaluation of durability of protection
e Session 4: Evaluation of alternative schedules and target ages
e Session 5: Trials of vaccine efficacy against non-cervical outcomes.
A background paper was prepared for each session; these papers in revised form, together
with this Summary, comprise the current IARC Working Group Report.

It was agreed that virological end-points are attractive when they represent valid surrogates
for clinical premalignant end-points. First, there are substantially more cases of infection by a
given HPV type — whether the parameter used is a single time point or persistent infection of
6 months or longer — than there are of CIN2+ cases attributable to that HPV type, which
implies that trials could be smaller and possibly of shorter duration. Second, co-infection by
more than one HPV type occurs frequently; this fact can make it difficult to accurately
attribute a CIN2+ lesion to a specific HPV type when more than one type is detected at the
site of a lesion. By contrast, when a viral end-point is used and there is co-infection by more
than one HPV type, infection by each type can be considered separately. Third, the
diagnosis of CIN2+ is less reproducible than HPV positivity.

Session 1: Trials of vaccine efficacy against cervical outcomes associated with HPV
16/18 infection

It has been shown that viral infection with an oncogenic HPV type is part of the necessary
pathway for the development of cervical cancer (see Section 1.2.2 above, “Pathogenesis of
HPV-associated cancer”). Therefore, preventing viral infection should also prevent
development of premalignant and malignant cervical disease, provided that the prevented
infections were not skewed towards those infections that were not destined to result in
premalignant disease. The Working Group recognized that the possibility of breakthrough
infections progressing to disease at a higher rate has not yet formally been ruled out.
However, a consensus view was developed that data from epidemiology and vaccine clinical
trials indicate that this possibility is remote, and it should not prevent the use of persistent
infection as a surrogate end-point. The Working Group members agreed that persistent
infection of 6 months or longer is very likely to perform with high fidelity as a surrogate for
advanced disease/cancer. For any trial, it is important that the method for sampling the
epithelium and for HPV determination be standardized and reproducible.

The data from the efficacy trials that have been completed support the use of the above-
mentioned viral end-points. Vaccine efficacy against vaccine HPV types was similar whether
the end-point of persistent infection or CIN2+ was used. Vaccine efficacy for persistent
infection was similar whether a 6-month end-point or a 12-month end-point was used. In
addition to these instances of high vaccine efficacy against vaccine HPV types, vaccine
efficacy against persistent infection was either similar to or lower than vaccine efficacy
against CIN2+ for those non-vaccine HPV types in which partial cross-protection was
observed. Thus, vaccine efficacy as determined by a persistent infection end-point has not
been higher than for the CIN2+ end-point.

In future clinical trials of prophylactic non-VLP vaccines, whose immunogen is derived from
capsid proteins and whose mechanism of action appears to be antibody-mediated, most
Working Group members agreed that if the mechanism of protection induced by such
immunogens was analogous to that of VLP vaccines, then it was acceptable for trials to use
a virological end-point of persistent infection. However, a minority preferred the use of a
clinical end-point until vaccine efficacy using a viral end-point was shown to be a valid
disease surrogate for that non-VLP vaccine.



Immunogenicity end-points were deemed acceptable for bridging efficacy to younger age
groups, provided that non-inferiority can be demonstrated. In immunobridging trials that use
non-inferiority as the main end-point, the serological assay should be standardized and
validated and the time frame defined and standardized. Validation should include
establishing the correlation between the titres in the serological assay and titres in a
standard in vitro neutralization assay.

Session 2: Trials of vaccine efficacy against cervical outcomes associated with other
(non-HPV 16/18) types

End-point issues were considered for two distinct situations: (i) when adding new HPV types
to a multivalent vaccine, and (ii) when evaluating cross-protection against non-vaccine HPV

types.

When new HPV types are added to a multivalent vaccine (that presumably has high vaccine
efficacy against HPV 16/18), most Working Group members agreed that it is not always
feasible to use CIN2+ as an end-point, because the number of such cases, compared with
the number of infections by those types, is substantially lower than for HPV 16/18 infection,
and progression to CIN2+ may occur less frequently and more slowly compared with HPV
16/18 infection. Use of a composite end-point (e.g. all oncogenic HPV types) to evaluate
efficacy against the new HPV types at the cervix could be a reasonable approach, given the
low attack rate anticipated for many of the less common HPV types. The public health value
related to the composite end-point was noted. The Working Group members also agreed
that non-inferiority immunobridging, using a well-validated assay, could be used in two
situations: (i) for HPV types shared by both the candidate vaccine and the licensed
comparator vaccine, and (ii) for the new HPV types when studies are conducted to bridge
efficacy to additional ages (typically < 16 years) after efficacy has been demonstrated for
those types in another age group (typically 16—-26 years).

For the purpose of evaluating cross-protection (i.e. protection against HPV types not
included in the vaccine [non-vaccine types]), most Working Group members agreed that
CIN2+ may not be feasible. It was agreed that persistent infection could be used for VLP
vaccines, especially as cross-protection in the VLP trials already conducted had indicated
that vaccine efficacy is not higher when persistent infection, rather than CIN2+, is used as
the end-point. Protection should be demonstrated for individual HPV types. Given questions
about the durability of cross-protective efficacy, special attention should be given to this
issue in the design of the trial. Although duration of protection would not be a formal criterion
for licensure, it is of public health importance. It should therefore be addressed in post-
licensure surveillance studies.

Session 3: Evaluation of durability of protection

Demonstration of duration of protection, although important for public health, has not been a
requirement for licensure of HPV vaccines or of other vaccines. It was therefore agreed that
duration of protection in clinical trials should not be required for future licensure. However,
evaluation of the durability of the immune response and of protective efficacy should be an
important element of post-licensure monitoring. The design of pivotal trials should include
plans for long-term follow-up; these plans, and the approach to updating the label by
regulatory bodies, should be coordinated with them early in development of the clinical
evaluation.

Session 4: Evaluation of alternative schedules and target ages

This session focused mainly on the immune response in different age groups and its
relevance to extending vaccination by immunobridging to additional age groups (typically 9—
15 years) once a vaccine had been shown to be effective in some age groups (typically 16—



26 years). There has been keen interest in this area because the immune response in young
adolescents (individuals aged 9-14 years) of both sexes to three doses is stronger than that
of individuals aged 16—26 years in the clinical efficacy trials; these findings have raised the
guestion of whether it might be appropriate for immunobridging trials to be used for licensure
of alternative schedules, including those that use fewer than three doses. The session also
briefly discussed vaccination in immunosuppressed populations. It was agreed that trial end-
points in immunosuppressed patients, such as HIV-positive individuals, were beyond the
scope of this meeting, but that the risk—benefit ratio for subunit HPV vaccines, which are
non-infectious, strongly favoured their evaluation or use in immunosuppressed populations.

There was unanimous agreement that immunobridging based on non-inferiority of the
immune response was a useful approach, when a standardized validated immunological test
whose results correlate with neutralizing activity was used. The key metric should be the
level of the immune response, rather than the number of doses required or the dosage
schedule for inducing the response. In principle, this approach is valid for alternative
schedules for three doses or fewer than three doses, and is not inherently age-specific, in
that it could also apply to groups older (or younger) than 9-15 years. However, in post-
licensure studies, it would be useful to verify high efficacy and long duration of protection. In
cases where immunological non-inferiority cannot be demonstrated — for example, as can be
expected when only one dose is administered — efficacy against a viral end-point such as
persistent infection would be required, as the minimum level of immunity required for
protection has not been established.

Session 5: Trials of vaccine efficacy against non-cervical outcomes

The discussion focused on anal infection and disease and on oropharyngeal infection and
disease. Vulvar and vaginal infection and disease are also important sites.

Anal infection and disease have much in common with cervical infection and disease, except
that HPV infection and disease at the anus affect both men and women. The disease
appears to be similar in men and women. More recent studies strongly suggest that almost
all cases of anal cancer are attributable to HPV infection. HPV 16 accounts for most cases,
in both HIV-positive and HIV-negative individuals. In some studies of anal cancer, HPV types
other than HPV 16/18 have been associated with up to 20% of the HPV-positive cases.

In women, anal infection is as common as cervical infection; however, the lower rate of anal
cancer implies that infection at this site is less likely to progress to invasive cancer compared
with cervical cancer. It was agreed that although the natural history of anal HPV infection is
less well understood than that of cervical infection, end-points for anal disease prevention
can be similar to cervical end-points for vaccine prevention trials.

Vulvar cancer is approximately one sixth as common as cervical cancer, and vaginal cancer
is approximately one twentieth as common as cervical cancer. Although vulvar cancer
usually occurs among elderly women, emerging evidence suggests that high-grade vulvar
intraepithelial neoplasia/vaginal intraepithelial neoplasia (VIN/VAIN) is becoming increasingly
common also among younger women. High-grade VIN/VAIN are surrogate markers for
vulvar or vaginal cancers. Approximately half of vulvar cancer cases are caused by high-risk
HPV types, primarily HPV 16/18. Hence, HPV 16/18 also dominate in high-grade VIN. The
attributable proportion for HPV 16/18 is higher than that for high-grade CIN. The attributable
proportion of other high-risk HPV types in high-grade VIN/VAIN has not been extensively
studied. The end-points in the clinical trials so far have been disease end-points based on
colposcopy biopsies. In such clinical trials, colposcopists must be trained to perform
vulvar/vaginal colposcopy to obtain multiple biopsies from any lesions visible after acetic
acid application. Not enough is known about using persistent HPV infection as an end-point.



A persistent infection end-point could be considered at these two sites if new studies
validated the ability to detect persistent infection at them.

HPV infection of the oral cavity and oropharynx is less common than anogenital infection,
and the natural history of infection at this non-genital site is less well understood than that of
genital infection. Oral infection is more common in men than in women, and seems to persist
longer in men than in women. Premalignant oropharyngeal lesions cannot be routinely
identified. It is therefore not feasible to use a disease end-point at this site to evaluate
vaccine efficacy. The only feasible vaccine end-point at the moment is prevention of oral
infection. It was agreed that high vaccine efficacy as measured by this parameter would
probably translate to protection against oropharyngeal cancer. However, it was also
recognized that the relationship between that oral infection, as measured using current
collection procedures, and HPV-positive oropharyngeal cancer is not as tightly linked as that
for anogenital infection and premalignant disease.

1.5 Recommendations for vaccine end-points

1.5.1 General considerations

These recommendations are confined to prophylactic HPV vaccines that use immunogens
derived from the L1 and/or L2 capsid proteins. The vaccines are divided into VLP vaccines
and non-VLP vaccines. For all such vaccines, there is good experimental evidence that their
main protective activity is antibody-mediated.

The Working Group considered vaccine end-points for three age groups: < 16 years, 16—
26 years, and > 26 years. Although it is feasible to conduct trials in infants and children, the
Working Group did not make recommendations for these age groups. For different
scenarios, the main question addressed was whether it is appropriate to use a serological
end-point (immunobridging), a viral end-point (e.g. persistent infection), or a disease end-
point (e.g. CIN2+). Consensus was reached for almost all situations considered by the
Working Group. In general, it was agreed that where protection was being measured,
persistent infection was an appropriate end-point in most settings (for exceptions, see the
next two paragraphs). However, it should be noted that the recommendation of an end-point
upstream from a disease end-point does not mean that a more downstream end-point could
not be used, but rather that it does not need to be used. For infections at sites that affect
both sexes, no situation was identified where end-points should be sex-specific.

For individuals aged > 26 years, consensus for an appropriate protection end-point was not
reached. Some Working Group members concluded that a persistent infection end-point was
appropriate, by analogy to what is recommended for those aged 16-26 years in settings
where protection should be evaluated. Others concluded that a disease end-point (CIN2+)
was appropriate, given that the frequency with which incident infection acquired in this age
group progresses to precancer is uncertain, as is the potential public health impact. For
simplicity, this recommendation is given in the tables as both options. Another issue is that
the vaccine is approved for this age group by the EMA but not by the FDA.

If vulvar/vaginal protection is to be evaluated in a trial, it is recommended to use the HPV
16/18-positive high-grade VIN/VAIN disease end-point, as there is relatively little experience
in using persistent HPV infection as a surrogate end-point for vulvar and vaginal disease.

Because the natural history of oral infection is less well characterized, demonstration of
efficacy on a disease end-point would, in principle, be preferable. However, the
recommendation for a persistent infection end-point recognizes that with current technology,
an oral disease end-point is not feasible. This recommendation is in contrast to those for the



anogenital end-point, where a disease end-point is technically feasible but is no longer
necessary.

Many trials will be non-inferiority trials. The comparison group for establishing efficacy
should be agreed upon in advance with regulatory authorities. Where vaccine efficacy is
high, as occurs with protection against vaccine HPV types, the attack rate in vaccinees is
anticipated to be very low, which means that demonstrating non-inferiority for an end-point
within the trial may not be feasible. Such a situation may require exploration of alternative
approaches for demonstrating efficacy, such as use of historical controls or use of
concurrently collected prevalence data in the broader population in which the study is
conducted.

1.5.2 End-points for placebo-controlled trial of a licensed HPV VLP vaccine: three
doses

See Table 1.1. Given that currently available VLP vaccines have been licensed by many
regulatory authorities, the Working Group members thought that such a placebo-controlled
design might not be ethical in most situations for age groups in which the vaccine had
already been widely licensed. However, they recognized that some countries may require
such a trial for vaccine licensure in their country. Under those circumstances, the Working
Group recommended use of persistent infection at the cervix, at the anus, or in the oral
cavity (HPV 16/18) for individuals aged 16—26 years and an immunobridging non-inferiority
trial for individuals aged < 16 years, and either a disease or viral end-point for individuals
aged > 26 years.

1.5.3 End-points for development of a new HPV VLP vaccine similar to a licensed
product or products: three doses

See Table 1.2. If immunological non-inferiority compared with the licensed product is
demonstrated for an age group, that result would be sufficient for licensure for that age
group. The immunological result should be followed by post-licensure confirmation of
protection. In the case of a vaccine for which immunological non-inferiority is not
demonstrated, protection against persistent infection should be the primary end-point for the
trial. If that protection is demonstrated for a particular age group (such as 16—-26 years), an
immunobridging non-inferiority trial can be used for individuals aged < 16 years. Either a
disease or viral end-point should be used for individuals aged > 26 years.

1.5.4 End-points for development of a new polyvalent VLP vaccine containing
additional HPV types compared with a licensed product or products: three doses

See Table 1.3. To establish efficacy, the Working Group recommended using a composite
viral end-point for the new HPV types, immunological non-inferiority for the common HPV
types, and no obvious reduction in protection against the common HPV types at the cervix,
with a similar end-point at the anus. After efficacy is established for the new types via a viral
end-point in an exposed population (e.g. those aged 16-26 years), demonstrating
immunological non-inferiority would be the appropriate approach to bridging efficacy to a
younger population. The Working Group recommended either a disease or viral end-point for
individuals aged > 26 years. The Working Group also recommended an HPV 16/18 viral
end-point in the oral cavity.

1.5.5 End-points for one or two doses for an HPV VLP vaccine approved for three
doses

1.5.5.1 If immunological non-inferiority can be demonstrated

See Table 1.4. Where feasible, the Working Group recommended an immunobridging non-
inferiority trial for individuals aged < 16 years or 16—26 years, as the key metric is the level of
the immune response, rather than the number of vaccine doses or dosage schedule. Post-
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licensure evaluation of long-term efficacy against composite persistent infection and/or
disease for vaccine HPV types would be especially important.

1.5.5.2 If immunological non-inferiority cannot be demonstrated

See Table 1.5. If non-inferiority was not successful or was not tried — for example, with the
group aged 16-26 years for two doses or with any group for one dose — persistent infection
at the cervix, at the anus, or in the oral cavity (HPV 16/18) should be used. The table
indicates that a composite end-point should be used; however, the HPV 16/18 end-point
should be evaluated separately from that of other HPV types. Post-licensure evaluation of
long-term efficacy against composite persistent infection and/or disease for vaccine HPV
types would be especially important. Either a disease or viral end-point should be used for
individuals aged > 26 years.

1.5.6 End-points for cross-protection against non-vaccine types for any VLP vaccine

See Table 1.6. For individuals aged 16-26 years, the Working Group recommended
showing statistically significant protection against an individual (or possibly composite) viral
end-point. Long-term protection against viral and disease end-points would be evaluated
post-licensure. For individuals aged < 16 years, an immunobridging non-inferiority trial is
recommended. Long-term protection against viral and disease end-points should be
evaluated post-licensure. Either a disease or viral end-point should be used for individuals
aged > 26 years.

1.5.7 End-points for non-VLP vaccines

See Table 1.7. These vaccines may include a vector that expresses L1, purified L1
capsomeres, or L2-based vaccines. When the mechanism of protection is antibody-
mediated, as in these examples, efficacy against persistent infection at the cervix, at the
anus, or in the oral cavity (HPV 16/18) should be used. Demonstration of high efficacy is
desirable. Long-term protection against viral and disease end-points would be evaluated
post-licensure. Immunobridging non-inferiority trials could be conducted as for VLP vaccines.
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Table 1.1. End-points for placebo-controlled trial of a licensed HPV VLP vaccine: three doses®

Age group Immunobridging Protection at anatomical site
Cervical Vulvar/vaginal  Anal Oral
<16 years Non-inferiority to the established dosing NA NA NA NA
regimen in the population in whom efficacy was
demonstrated (typically, individuals aged 16—
26 years) for each vaccine HPV type
16-26 years NA Persistent infection  High-grade Persistent infection  Persistent
with vaccine HPV VIN/VAIN with vaccine HPV HPV 16/18
typesb typesb infection”
> 26 years NA Persistent infection  High-grade Persistent infection  Persistent
with vaccine HPV VIN/VAIN with vaccine HPV HPV 16/18
types® or disease types® or disease infection”

(CIN2+)

(AIN)

AIN, anal intraepithelial neoplasia; CIN2+, cervical intraepithelial neoplasia of grade 2 or worse; HPV, human papillomavirus; NA, not applicable; VIN/VAIN, vulvar
intraepithelial neoplasia/vaginal intraepithelial neoplasia; VLP, virus-like particle.

% In most countries, it is probably not ethical to have a placebo group where regulatory authorities in many countries have already licensed the vaccine for the age
groups in question. Recommended only if a national regulatory authority requires a placebo-controlled trial.

® 6 months or longer.
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Table 1.2. End-points for development of a new HPV VLP vaccine similar to a licensed product or products: three doses

Age group Immunobridging Protection at anatomical site
Cervical Vulvar/vaginal  Anal Oral
<16 years Non-inferiority to immunity in the age group NA NA NA NA
16—26 years for each vaccine HPV type®
16-26 years Non-inferiority for each vaccine HPV type Post-licensure: confirm  NA NA NA
compared with a licensed productb efficacy with vaccine

HPV types using
virological and/or
disease end-points

> 26 years NA Persistent infection High-grade Persistent infection  Persistent
with vaccine HPV VIN/VAIN with vaccine HPV HPV 16/18
types® or disease types® or disease infection®
(CIN2+) (AIN)

AIN, anal intraepithelial neoplasia; CIN2+, cervical intraepithelial neoplasia of grade 2 or worse; HPV, human papillomavirus; NA, not applicable; VIN/VAIN, vulvar
intraepithelial neoplasia/vaginal intraepithelial neoplasia; VLP, virus-like particle.

% Immunobridging can be done in the age group < 16 years if immunological non-inferiority for each vaccine HPV type has been demonstrated for the age group
16-26 years.

®A virological end-point would be required if non-inferiority could not be demonstrated.

¢ 6 months or longer.
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Table 1.3. End-points for development of a new polyvalent VLP vaccine containing additional HPV types compared with a licensed product or

products: three doses

Age group Immunobridging

Protection at anatomical site

Cervical Vulvar/vaginal Anal Oral
<16 years Non-inferiority to the established dosing regimen  NA NA NA NA
in the population in whom efficacy was
demonstrated (typically, individuals aged 16—
26 years) for each vaccine HPV type
16-26 years  Non-inferiority for each HPV type shared by both  Composite end-point High-grade HPV Composite end-point  Persistent
vaccines of persistent 16/18 VIN/VAIN of persistent HPV 16/18
infection with new infection with new infection”
HPV types®® HPV types®®
> 26 years NA Persistent infection High-grade HPV Persistent infection Persistent
with vaccine HPV 16/18 VIN/VAIN with vaccine HPV HPV 16/18
typesa'b or disease typesa'b or disease infection”

(CIN2+)

(AIN)

AIN, anal intraepithelial neoplasia; CIN2+, cervical intraepithelial neoplasia of grade 2 or worse; HPV, human papillomavirus; NA, not applicable; VIN/VAIN, vulvar
intraepithelial neoplasia/vaginal intraepithelial neoplasia; VLP, virus-like particle.

 Monitor vaccine efficacy against each HPV type.

® 6 months or longer.
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Table 1.4. End-points for one or two doses for an HPV VLP vaccine approved for three doses, for situations in which immunological non-inferiority

can be demonstrated

Age group Immunobridging

Protection at anatomical site

Cervical Vulvar/vaginal Anal Oral
<16 years Non-inferiority to the standard three-dose NA NA NA NA
schedule in the population in whom efficacy was
demonstrated (typically, individuals aged 16—
26 years) for each vaccine HPV type®
16-26 years  Non-inferiority to the standard three-dose NA NA NA NA
schedule in the population in whom efficacy was
demonstrated (typically, individuals aged 16—
26 years) for each vaccine HPV type®
> 26 years NA Persistent infection  High-grade HPV Persistent infection  Persistent
with vaccine HPV 16/18 VIN/VAIN with vaccine HPV HPV 16/18
typesa'b or disease typesa'b or disease infection”

(CIN2+)

(AIN)

AIN, anal intraepithelial neoplasia; CIN2+, cervical intraepithelial neoplasia of grade 2 or worse; HPV, human papillomavirus; NA, not applicable; VIN/VAIN, vulvar

intraepithelial neoplasia/vaginal intraepithelial neoplasia; VLP, virus-like particle.

® Post-licensure: confirm long-term efficacy against composite persistent infection and/or disease for vaccine HPV types. Monitor efficacy against individual

vaccine HPV types.

® 6 months or longer.
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Table 1.5. End-points for one or two doses for an HPV VLP vaccine approved for three doses: alternative approach for situations in which

immunologic non-inferiority cannot be demonstrated

Age group Immunobridging Protection at anatomical site
Cervical Vulvar/vaginal Anal Oral
<16 years Non-inferiority to the established NA NA NA NA

dosing regimen in the population in
whom efficacy was demonstrated
(typically, individuals aged 16—

26 years) for each vaccine HPV

type

16-26 years NA

> 26 years NA

Composite end-point
of persistent
infection with
vaccine HPV
types®”

Composite
persistent infection
with vaccine HPV
types®” or disease
(CIN2+)

High-grade HPV 16/18
VIN/VAIN

High-grade HPV 16/18
VIN/VAIN

Composite end-
point of persistent
infection with
vaccine HPV
types®”

Composite
persistent infection
with vaccine HPV
types®® or disease
(AIN)

Persistent HPV
16/18 infection

Persistent HPV
16/18 infection

AIN, anal intraepithelial neoplasia; CIN2+, cervical intraepithelial neoplasia of grade 2 or worse; HPV, human papillomavirus; NA, not applicable; VIN/VAIN, vulvar
intraepithelial neoplasia/vaginal intraepithelial neoplasia; VLP, virus-like particle.

% 6 months or longer; monitor vaccine efficacy against each HPV type. Post-licensure: confirm long-term high efficacy against composite persistent infection and/or

disease for vaccine HPV types.

® The comparison group for establishing efficacy should be agreed upon in advance with regulatory authorities. Because the attack rate for persistent infection in,
for example, both a two-dose and a three-dose group is anticipated to be very low, demonstrating non-inferiority for this end-point may not be feasible. Such a
situation may require exploration of alternative approaches for demonstrating efficacy, such as use of historical controls or use of concurrently collected prevalence

data in the broader population in whom the study is conducted. Post-licensure: confirm long-term efficacy against composite persistent infection and/or disease

for vaccine HPV types.
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Table 1.6. End-points for cross-protection against non-vaccine types for any VLP vaccine

Age group Immunobridging Protection at anatomical site
Cervical Vulvar/vaginal Anal Oral
<16 years Non-inferiority to the established NA NA NA NA

dosing regimen in the population in
whom efficacy was demonstrated
(typically, individuals aged 16—

26 years) for each vaccine HPV type®

16-26 years NA Statistically significant High-grade HPV Statistically NA
efficacy against an 16/18 VIN/VAIN significant efficacy
individual (or possibly against an individual
composite) persistent (or possibly
infection® composite)

persistent infection®

> 26 years NA Statistically significant High-grade HPV Statistically NA
efficacy against persistent  16/18 VIN/VAIN significant efficacy
infection or disease for an against persistent
individual HPV type (or infection or disease
possibly composite) for an individual
persistent infection® HPV type (or

possibly composite)
persistent infection®

AIN, anal intraepithelial neoplasia; CIN2+, cervical intraepithelial neoplasia of grade 2 or worse; HPV, human papillomavirus; NA, not applicable; VIN/VAIN, vulvar
intraepithelial neoplasia/vaginal intraepithelial neoplasia; VLP, virus-like particle.

% 6 months or longer. Post-licensure: confirm long-term efficacy for infection and/or disease end-points.
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Table 1.7. End-points for non-VLP vaccines

Age group Immunobridging Protection at anatomical site
Cervical Vulvar/vaginal Anal Oral
<16 years Non-inferiority to the established NA NA NA NA
dosing regimen in the population
in whom efficacy was
demonstrated (typically,
individuals aged 16—26 years) for
each vaccine HPV type
16-26 years NA Persistent High-grade HPV 16/18 Persistent Persistent HPV
infection with VIN/VAIN infection with 16/18 infection
vaccine HPV vaccine HPV
types®” types?
> 26 years NA Persistent High-grade HPV 16/18 Persistent Persistent HPV
infection with VIN/VAIN infection with 16/18 infection
vaccine HPV vaccine HPV

types® or disease

(CIN2+)°

types® or disease
(AIN)

AIN, anal intraepithelial neoplasia; CIN2+, cervical intraepithelial neoplasia of grade 2 or worse; HPV, human papillomavirus; NA, not applicable; VIN/VAIN, vulvar
intraepithelial neoplasia/vaginal intraepithelial neoplasia; VLP, virus-like particle.

%6 months or longer; monitor vaccine efficacy against each HPV type.

® For non-VLP vaccine candidates, it may be acceptable to infer efficacy based on demonstration of immunological non-inferiority compared with a licensed VLP
vaccine. The acceptability of this approach should be determined on a case-by-case basis, taking into account the product itself and whether preclinical data
suggest that the mechanism of protection is expected to be similar to that for VLP-based vaccines. This table addresses situations in which demonstration of

immunological non-inferiority compared with a licensed vaccine is either not possible or determined to be an unacceptable approach to demonstrating efficacy.

The comparison group for establishing efficacy should be agreed upon in advance with regulatory authorities. Because the attack rate for persistent infection in
both the licensed vaccine and the candidate vaccine groups is anticipated to be very low, demonstrating non-inferiority for this end-point may not be feasible. Such
a situation may require exploration of alternative approaches for demonstrating efficacy, such as use of historical controls or use of concurrently collected

prevalence data in the broader population in whom the study is conducted.
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Chapter 2. Next-generation HPV vaccines — potential for alternative
end-points

Margaret Stanley

2.1 Introduction

Human papillomaviruses (HPVs) are a large family of small double-stranded DNA viruses
that infect the squamous epithelium of the skin and internal mucosal surfaces of the
anogenital and upper respiratory tracts. HPVs are classified as genotypes determined by
sequences of the gene encoding the major capsid protein L1and numbered in the order in
which they were isolated, i.e. HPV 1, HPV 2, and so on. At present, the DNA of more than
100 HPV types or strains has been isolated and cloned from clinical biopsies [1]. About 30—
40 HPV types regularly or sporadically infect the squamous mucosal surfaces of the
anogenital tract. These mucosatropic HPVs fall into two groups: low-risk (LR) viruses that
cause genital warts, the most prevalent types of which are HPV 6 and 11 [2], and high-risk
(HR) or oncogenic types associated with malignant disease, of which 12 types (HPV 16, 18,
45, 31, 33, 35, 52, 58, 51, 57, 39, and 59) are recognized as oncogenic [3].

Infection with one of the subset of HR HPVs is the cause of invasive cervical cancer in
women. Globally, HPV 16 is the most common type to be detected, in 55% of cases,
followed by HPV 18, in 15% of cases. Other oncogenic HPV types including 31, 33, 35, 45,
52, and 58 account for an additional 18% of all cases [4, 5]. Although cervical cancer
represents the major burden of oncogenic HPV infection, a proportion of cases of cancer of
the penis, vulva (40-50%), vagina (60%), and anus (> 80%) and of head and neck
squamous cell cancer (HNSCC) (12-24%), particularly of the oropharynx, are attributed to
HPV, with HPV 16 as the major type. In terms of absolute numbers, HNSCC, the sixth most
common cancer globally, is second overall to cervical cancer for HPV-attributable cases.
The most recent estimate is that HPV is the cause of 5.2% of all cancers [6].

The disease burden of the LR types HPV 6 and 11 is also very substantial. Genital warts are
the most common viral sexually transmitted infection, with a lifetime risk of acquisition of
10% [7]. Prophylactic vaccination against HPV infections should prevent most HPV-
associated cancers and related benign conditions and have a major public health impact.

This review addresses the following topics using data from etiological studies, screening
trials, and vaccination trials:

e Can persistent infection be used as a surrogate end-point to express vaccine efficacy
for HPV 16 and 18 and other oncogenic HPV types?

e Can persistent infection with the same HR type be used to replace cervical
intraepithelial neoplasia of grade 2 or worse (CIN2+) as a primary efficacy end-point
in clinical trials for non-vaccine HPV types?

What are the uncertainties related to the use of an infection surrogate end-point?
Immunogenicity and second-generation vaccines.

2.2 Licensed prophylactic HPV vaccines

The currently licensed prophylactic HPV vaccines are subunit vaccines comprising virus-like
particles (VLPs) formed of only one protein, the major coat or capsid protein L1 [8]. HPV
VLPs are made using sophisticated recombinant technologies in which the L1 gene of
specific HPV types is recombined into the host genome of the yeast Saccharomyces
cerevisiae or the insect virus baculovirus and the L1 protein is expressed via these
recombinant vectors. The chemistry of the expressed protein is such that it spontaneously
assembles into VLPs that are morphologically and antigenically similar to the wild-type virus
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particle. However, VLPs lack DNA and are non-infectious and non-oncogenic. There are two
licensed prophylactic HPV L1 VLP vaccines: Cervarix, a bivalent HPV 16/18 (bHPV) product
from GlaxoSmithKline, and Gardasil (also known as Silgard), a quadrivalent HPV 6/11/16/18
(qHPV) product from Merck.

Both vaccines have undergone large randomized placebo-controlled double-blind phase llI
trials in young women aged 15-26 years. These trials were designed primarily to
demonstrate efficacy in preventing high-grade intraepithelial neoplasms caused by infection
related to the vaccine HPV types (both vaccines) or external genital warts (QHPV). Two
phase Il studies evaluated the gHPV vaccine (FUTURE | and Il), and two evaluated the
bHPV vaccine (PATRICIA and the Costa Rica Vaccine Trial [CVT]). The FUTURE | and Il
and PATRICIA trials were company-sponsored multicentre trials in Europe, the Americas,
and the Asia—Pacific region. The CVT was a United States government-sponsored
community-based trial in Guanacaste, Costa Rica. The primary end-point in the CVT was
12-month HPV 16/18 persistent infection.

End-of-study analyses of the pivotal phase Il trials in young women have now been
published [9-12]. For both vaccines, prophylactic efficacy against vaccine type-associated
primary disease end-points is uniformly high in women in the according-to-protocol (ATP)
cohort, i.e. women aged 15-26 years who were polymerase chain reaction (PCR)-negative
and seronegative for vaccine HPV types at trial entry and after completion of the three-dose
immunization regimen (reviewed in [13]). Efficacy against cervical disease caused by the
HPV types in the vaccines is >90% and is maintained for at least 8-9 years [14, 15].
Modelling studies suggest that duration of protection will extend over many decades and is
probably lifelong [16, 17]. However, the vaccines have their limitations: they are, at present,
expensive and type-restricted. There is cross-protection against HPV types not in the
vaccine, but this is partial and the duration of such protection is questionable [18].

2.3 Next-generation vaccines

Next-generation vaccines that address either or both of these issues — cost and coverage of
oncogenic HPVs in addition to HPV 16 and 18 — are in development. A nonavalent (HPV 6,
11, 16, 18, 31, 33, 45, 52, 58) HPV L1 VLP vaccine [19] developed by Merck is in phase llI
randomized controlled trials (RCTSs). Interim data from these trials have been presented at
medical meetings, with overwhelming efficacy (> 97%) for all vaccine types demonstrated in
the per-protocol efficacy population [20]. Vaccines based on L1 pentameric subunits or
capsomers produced in Escherichia coli [21] could address the issue of cost of production
and potentially provide polyvalent vaccines. These products are immunogenic and show
protection against virus challenge in animal models [22], but no immunogenicity or safety
data for HPV capsomer vaccines are available as yet. Other alternatives for reducing
manufacturing costs that are under investigation include the generation of L1 VLPs in
alternative vectors such as the yeast Pichia pastoris [23] or in plants [24]. Live recombinant
viral and bacterial vectors, including measles [25], adeno-associated virus [26], and
Salmonella typhi [27], have been reported. Vaccines based on the minor coat protein L2
have been shown in in vitro systems and animal models to generate antibodies that are
broadly cross-neutralizing and prevent infection with pseudovirions (surrogate HPV virus
particles) of a range of genital and cutaneous HPV types [28]. However, apart from the
nonavalent vaccine from Merck, none of the vaccine candidates described above are in
clinical trials. Furthermore, all these vaccines, irrespective of the process by which they are
generated, are new vaccines in regulatory terms and will face significant challenges in
demonstrating efficacy if clinical disease remains the primary end-point.
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2.4 Vaccine end-points

Traditionally, the measurable end-point to determine efficacy of primary intervention by
prophylactic immunization has been disease incidence. However, the true disease end-point
for HPV 16/18 vaccines is cancer. This disease end-point is (i) impractical, requiring huge
and costly trials since cervical cancer is a rare outcome of infection with an oncogenic HPV
and the interval between infection and disease is measured in decades, and (ii) unethical,
since cervical cancer is a disease that can be prevented through detection of high-grade
precancerous lesions by cervical screening and treatment.

The primary efficacy end-points accepted by regulatory authorities for the pivotal phase Il
studies of the licensed HPV vaccines were surrogate high-grade precancerous disease end-
points, cervical intraepithelial neoplasia of grade 2 or 3 (CIN2/3), adenocarcinoma in situ, or
cervical cancer associated with HPV 16/18, diagnosed by histopathology together with virus
detection and typing [29]. This end-point was recommended by the Vaccines and Related
Biological Products Advisory Committee, convened by the United States Food and Drug
Administration (FDA) in 2001, and other national regulatory bodies, for a vaccine indication
of prevention of cervical cancer. The rationale for a disease end-point of high-grade
precancer is clear: high-grade intraepithelial neoplasms of the cervix, CIN3 and
adenocarcinoma in situ, are the histopathological state that immediately precedes invasive
cancer [30]. If left untreated, 30—40% of CIN3 progress to invasive cancer over a 30-year
period [31]. Intervention strategies that remove CIN3 by ablative or excisional therapy lead to
a reduction in incidence of cervical cancer [31]. CIN2 is a more heterogeneous group of
lesions [32], but women with CIN2 are at an increased risk of cervical cancer [33].

2.5 Natural history of HPV infection in the genital tract

There is a wealth of epidemiological data to show that HPV is the cause of CIN of all grades
and of cervical cancer [30, 34]. Epidemiological and natural history studies have shown that
genital HPV infection in women is acquired soon after the onset of sexual activity, with a
peak prevalence in the age group of 18-25 years, declining in the subsequent decades [35].
The evidence is that the majority of incident infections will clear with time, but a fraction
(estimated as 10-20%) of these infections persist [36]. However, the longer a detectable
oncogenic HPV infection lasts, the higher the risk that molecular “accidents” will occur during
the repeat cycles of viral replication [37]. These accidents result in the deregulation of viral
gene expression and the initiation of events leading to CIN3 and, hence, invasive cancer.

Fig. 2.1. Natural history of cervical HPV infection. Source: Pinto AP, Crum CP (2000). Natural history
of cervical neoplasia: defining progression and its consequence. Clin Obstet Gynecol. 43(2):352-62.
Adapted with permission from Lippincott Williams and Wilkins/Wolters Kluwer Health, copyright 2000.

I 0to 5 Years || upto20vears |

-) Sq. Cell
# Persistent Rams CIN2 Lq CIN3 Frs Carcinoma

Infection Adeno-

m—- —) -
AIS Carcinoma

Initial
HPV
Infection

Cleared HPV Infection

23


http://www.ncbi.nlm.nih.gov/pubmed/10863633

HPV infection is determined by the detection of HPV DNA in swabs, smears, or biopsies
taken mainly, but not exclusively, from the cervix. The term “clear” refers to the failure to
detect HPV DNA in subsequent swabs or smears from the same anogenital sites. However,
this issue is complicated by the persuasive evidence that HPV infections can become latent,
with HPV genomes remaining in a population of basal epithelial cells, in which viral
replication is controlled, it is speculated, by immune surveillance [37, 38]. Such latency
requires biopsy rather than swabs or smears and is not easily detected even with biopsy.
Further complexity comes from the variability in the sampling intervals and the length of
follow-up, and the variability in assays used for HPV DNA detection and genotyping [39].
Studies detecting HPV infection with a specific type therefore reflect a complex picture: there
may be new incident infections, reactivation of latent infections, or true persistent infections,
and this is reflected in the patterns of infection [40, 41]. Thus, women may (i) be consistently
HPV DNA-negative; (ii) be HPV DNA-positive and then consistently HPV DNA-negative; (iii)
have fluctuating infections, HPV DNA-positive, -negative, and -positive — the infections
usually clear in these women; or (iv) be consistently HPV DNA-positive for a specific HPV
type — persistent infection. The consensus view is that the last category, persistent infection,
constitutes the major risk for progression to high-grade CIN and, thus, to cervical cancer
[33].

2.6 Persistent infection as a surrogate end-point for high-grade cervical disease

2.6.1 Persistent infection as a surrogate virological end-point

A central issue, however, is how to define a persistent infection. Probably the most
commonly used definition is two or more positive HPV DNA tests 6 or 12 months apart.
Various investigators have used duration of infection [42], the time to clearance [43], the
proportion of HPV-positive visits, or any combination thereof [44—46]. These definitions have
been further complicated by a lack of uniformity in the laboratory assays used for HPV DNA
detection, in terms of sensitivity and specificity, of the detection of type-specific virus versus
non-type-specific analysis, variation in the baseline HPV status, and clearance requirements.

2.6.2 Persistent infection as a predictor of high-grade disease

Two meta-analyses [47, 48] have attempted, by a systematic review of the literature, to detail
the strength of the association between HPV persistence, high-grade CIN (CIN2/3), and
invasive cervical cancer against this background of variation in study methodology and the
HPV DNA detection assays. The primary aim of the meta-analysis and the review of the
literature by Koshiol and colleagues [47] was to determine the strength of the association
between persistent HPV DNA detection and high-grade precancer and invasive cancer of
the cervix. In brief, the authors identified relevant studies via PubMed and other literature
databases up to 30 January 2006. They identified 41 eligible studies covering > 22 000
women that analysed by different designs the association (relative risk [RR]) between HPV
persistence and neoplasia. The authors abstracted RRs and 95% confidence limits (either as
reported or as calculated by the authors) for the risk of cervical neoplasia (of low and high
grade) among women with persistent HPV infections compared with other infection patterns,
i.e. women who were consistently negative for the HPV types used to define persistence,
women who had HPV infections that subsequently became undetectable, and women with
mixed or fluctuating HPV infections. Cervical outcomes in this study included histologically
confirmed invasive carcinoma, CIN2/3, cytologically determined high-grade squamous
intraepithelial lesions (HSILs), low-grade squamous intraepithelial lesions, CIN1, atypical
squamous cells of undetermined significance (ASCUS), or any combination thereof. Given
the considerable variation in DNA detection methods, the lack of standardization in the
diagnostic criteria for both histology and cytology, and the variability in the definition of
persistence in these various studies, the consistency of the associations reported is
important and impressive. In brief, the study findings were as follows. First, HPV persistence
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was strongly and consistently associated with CIN2/3/HSIL, with variable RRs from 1.3 to
813.0. A total of 92% of RRs were > 3.0; the longer the duration of persistence (> 12
months) or the wider the testing interval (> 6 months or > 12 months), the stronger the
associations. Second, the magnitude of the effect for HPV persistence in predicting
CIN2/3/HSIL varied widely and was, to a large extent, dependent upon the referent group.
Thus, as would be predicted, comparing persistent infections with the HPV-negative women
gave the highest RRs since these HPV-negative women are at almost zero risk of
developing high-grade disease within 5-10 years. A more recent study has shown that risk
estimates for persistent infections in predicting progressive disease critically depend upon
the referent group [49]. Third, the strength of the association between persistence and
cervical neoplasia increased with increasing grade of intraepithelial disease.

In a second, more recent meta-analysis by some of these authors, the issue of what is a
clinically relevant definition of HPV persistence has been addressed by a summary of the
literature [48]. These authors performed a systematic review and meta-analysis to determine
the influence of definitions of HPV persistence and study characteristics on estimated
duration of infection and the proportion of women with persistently detectable HPV DNA over
time. They reviewed and abstracted data from studies published up to 1 January 2010. Of
the 4203 abstracts, 86 met the study inclusion criteria and reported non-duplicate results.
Most studies were conducted in Europe (40%) and North America (29%), and the remainder
were from Central or South America (20%), Asia (5%), Africa (3%), and Australia (1%). In
more than half of the studies, women were aged 30 years or older. The majority of studies
were in populations of women with normal cytology at baseline and were screening-based
cohort studies using PCR-based detection methods. Definitions of persistence varied
between studies, but the most common was two or more HPV DNA-positive samples taken
6—12 months apart (73%). Consecutive HPV-positive visits were usually required, but in 14%
of studies intervening HPV-negative visits were permitted. The median duration for HPV
detection of any HPV (both LR and HR types) was slightly less than 1 year in women with
normal cytology. The proportion of women with infection persistent over 6 months varied
across studies. Heterogeneity was largely a function of HPV type; the most persistent HR
types in the a9 clade were HPV 16, 31, 33, and 52 and in the a7 clade were HPV 18, 39, 45,
and 58. The least persistent types were HPV 35, 51, 66, and 68. The median duration of any
HPV type was 10 months, with a median for HPV 16 of 12.4 months and for HPV 18 of
9.8 months. Very inconsistent results for the relationship of age to persistence were found,
but the meta-analysis could not reliably compare persistence of prevalent versus incident
infections.

The issue of age and incident/prevalent infection and persistence causes considerable
confusion and should be considered in terms of the natural history of HPV infection. The
peak acquisition of HPV occurs early in the years after the onset of sexual activity. HPV is
endemic and easily transmitted [50]. The average age at the first sexual intercourse varies
for different social and cultural mores but on average is in mid-to-late adolescence and early
adulthood. Thus, in populations of young women, most infections are “new”, and in these
age groups there will be little difference between incident and prevalent infections in terms of
persistence and progression. In older women (aged > 30 years), persistent infections are
more likely to be prevalent infection and progressive [51].

Other cohort studies have been published after 1 January 2010 [51-55], which, in essence,
support the general conclusions from the meta-analyses described above. Kjaer and
colleagues [56] described the results of a population-based cohort study in which 7679
cytologically normal women out of 8656 women from the general population in Denmark
were examined twice, 2 years apart. At each examination the women underwent a
gynaecological examination, cervical cytology, HPV detection by Hybrid Capture 2, and HPV
type assignment by line probe assay. The women were then followed by the Danish
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pathology databank for cervical neoplasia for up to 13.4 years. HPV 16, 18, 31, and 33
infection, but most specifically persistence of HPV 16 infection, was associated with high
absolute risks of progression to CIN3. Thus, the estimated probability of developing CIN3 for
those also positive at the second visit: with HPV 16 was 26.7% (95% confidence interval
[Cl], 21.1-31.8%), with HPV 18 was 19.1% (95% ClI, 10.4-27.3%), with HPV 31 was 14.3%
(95% CI, 9.1-19.4%), with HPV 33 was 14.9% (95% ClI, 7.9-21.1%), and with HR types
other than HPV 16, 18, 31, and 33 was 6.0% (95% CI, 3.8-8.3%). This study could not,
because of its design, assess the duration of persistence but supports all previous studies in
showing that persistence of oncogenic HPV types, particularly HPV 16, is associated with a
high risk of progression to high-grade cervical lesions.

2.6.3 Evidence from randomized controlled trials of the licensed vaccines

The manufacturers of both licensed vaccines sponsored global clinical development
programmes that included studies in which infection, both incident and persistent, alone or
combined with a CIN2/3 disease end-point, was a primary end-point. In the CVT, the primary
end-point was HPV 16/18 cervicovaginal infection that persisted for at least 12 months.
Overall, the trials represent probably the largest systematic longitudinal collections of the
natural history of HPV infection in women in the age group of 15-26 years by HPV type.
End-of-study data from the manufacturer-sponsored trials for both vaccines and from the
CVT are now available.

2.6.3.1 Cervarix bivalent HPV vaccine

In three manufacturer-sponsored phase Il trials for the bHPV vaccine (trials 001, 007, and
023), the primary end-point was incident infection with HPV 16 or 18 and 12-month
persistent infection. At trial entry, subjects were PCR-negative for the DNA of 14 HR HPV
types and seronegative for HPV 16 and 18. Vaccine efficacy against persistent infection with
HPV 16 and 18 was 100% for trial 007 at up to 7.3 years of follow-up [57] and for trial 023 (a
subset of 007) was 100% at up to 8.4 years of follow-up [15]. In the pivotal RCT, 008
(PATRICIA), in the ATP cohort (i.e. women who received three doses of vaccine and were
PCR-negative for 14 HR HPV types and seronegative for HPV 16 and 18 at enrolment and
at month 6 after vaccination), vaccine efficacy against HPV 16/18-associated, HPV-positive
CIN of grade 2 or worse (CIN2+) at the end of the study is shown in Table 2.1 [58]. Vaccine
efficacy against the virological end-points 6-month and 12-month persistent infection with
HPV 16/18 is shown Table 2.2. The correlation between persistent infection with HPV 16/18
and CIN2+ is very strong.

In the CVT, efficacy against the primary end-point of 12-month persistent HPV infection was
90.9% in the ATP cohort and 49% in the intention-to-treat cohort [59], comparable to
efficacies seen in the PATRICIA trial [58].

Both licensed vaccines showed evidence of some efficacy against non-vaccine types,
particularly HPV 31, 33, and 45 [12, 60, 61]. Analysis of efficacy of cross-protection against
disease in these cases in the RCTs is complicated by multiple infections — situations in
which more than one HPV type is detected in the diagnostic biopsy. The question then
arises as to which of the HPV types detected is causal; this is particularly important when
HPV 16 and/or 18 are co-infecting with other less oncogenic types since HPV 16 and 18 are
more likely to be driving the neoplastic process. Virological end-points are more informative
in such situations since the question is not which HPV caused the lesion but whether the
vaccine has prevented infection with that specific HPV type in the vaccine group compared
with the placebo [12].
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Table 2.1. Vaccine efficacy against high-grade cervical lesions associated with HPV 16/18
(according-to-protocol [ATP] cohort) in the PATRICIA trial

HPV 16/18 end-point ATP cohort?®
End-of-study analysisb
Cervarix Control % Efficacy (95% Cl)
(N = 7338) (N = 7305)
n° n
CIN2+ 5 97 94.9% (87.7-98.4%)
CIN3+ 2 24 91.7% (66.6-99.1%)

Cl, confidence interval; CIN2+, cervical intraepithelial neoplasia of grade 2 or worse; HPV, human papillomavirus.
N = number of subjects included in each group
n = number of cases

& ATP cohort: includes women who received three doses of vaccine and were DNA-negative and seronegative at
month 0 and DNA-negative at month 6 to the relevant HPV type (HPV 16 or 18).

® Mean follow-up of 40 months after dose 3.

¢ Including 4 cases of CIN2+ and 2 cases of CIN3+ in which another oncogenic HPV type was identified in the
lesion concomitantly with HPV 16 or 18. These cases are excluded in the HPV type assignment analysis.

Source: Adapted with permission from: European Medicines Agency. Cervarix: EPAR - Production Information -

Annex 1 Summary of Product Characteristics 2009;

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR -
Product_Information/human/000721/WC500024632.pdf, March 2014.

Table 2.2. Vaccine efficacy against virological end-points associated with HPV 16/18 (according-to-
protocol [ATP] cohort) in the PATRICIA trial

HPV 16/18 end-point ATP cohort?®
End-of-study analysisb
Cervarix Control % Efficacy (95% CI)
(N =7338) (N = 7305)
n/N n/N
6-month persistent infection 35/7182 588/7137 94.3%
(92.0-96.1%)

12-month persistent infection 26/7082 354/7038 92.9%

(89.4-95.4%)

Cl, confidence interval; CIN2+, cervical intraepithelial neoplasia of grade 2 or worse; HPV, human papillomavirus.
N = number of subjects included in each group
n = number of cases

& ATP cohort: includes women who received three doses of vaccine and were DNA-negative and seronegative at
month 0 and DNA-negative at month 6 to the relevant HPV type (HPV 16 or 18).

® Mean follow-up of 40 months after dose 3.

Source: Adapted with permission from: European Medicines Agency. Cervarix: EPAR - Production Information -

Annex 1 Summary of Product Characteristics 2009;

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-
Product_Information/human/000721/WC500024632.pdf, March 2014.
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2.6.3.2 Gardasil quadrivalent HPV vaccine

In the global clinical development programme for the gHPV vaccine, a subset of studies 007,
012, and 019 had a composite end-point of persistent infection and disease (Table 2.3). In
these studies, follow-up visits were scheduled every 6 months after completion of the
immunization series. Swabs from several sites (cervical, vulval labial, perineal, and perianal)
were taken for HPV DNA detection by a proprietary PCR-based assay.

Table 2.3. Studies of the quadrivalent HPV (QHPV) vaccine in women that assessed persistent
infection

Protocol Study description End-point assessed gHPV Placebo
no. [ref.] N N
007 [62] Dose-ranging phase Il study of qHPV Persistent infection or 276 275
versus placebo in young women aged disease related to HPV
16-23 years 6/11/16/18
012 [63] Substudy of FUTURE | (phase Ill study) Persistent infection 1783 1788

bridging to monovalent HPV 16 vaccine, related to HPV 16/18
in young women aged 16-26 years

019 [64] Phase Il study of gHPV versus placebo Persistent infection or 1910 1907
in women aged 24-45 years disease related to HPV
6/11/16/18
Total 3969 3970

HPV, human papillomavirus; no., number; ref., reference.

Source: Compiled from: Mufioz N, Manalastas R Jr, Pitisuttithum P, Tresukosol D, Monsonego J, Ault K et al.
(2009). Safety, immunogenicity, and efficacy of quadrivalent human papillomavirus (types 6, 11, 16, 18)
recombinant vaccine in women aged 24-45 years: a randomised, double-blind trial. Lancet. 373(9679):1949-57.

The definition of persistent infection in these studies was as follows. A subject was
considered to have a case of HPV-related persistent infection if, after the day 1 visit, the
subject could be classified into either of the following categories: (i) detected as HPV PCR-
positive for the same vaccine HPV type in two or more consecutive swabs from the cervix,
vagina, and external genital region or in biopsy samples obtained at least 6 months apart
(within a = 4 week window), or (ii) had a biopsy showing pathological evidence of HPV
disease and was positive for HPV by PCR in an adjacent section from the same tissue block
and was detected as PCR-positive for the same vaccine HPV type in the samples of the
swabs or biopsy obtained immediately before or immediately after the biopsy showing HPV-
associated disease.

Table 2.4 shows the number of cases of disease in each of the three studies analysed
according to whether persistent infection with the same type had begun before the disease.
Cases relating to both HPV 16 and 18 are counted, but infection and disease had to be
related to the same HPV type.

A total of 39 individuals HPV-negative for HPV 16 and 18 at baseline developed HPV 16/18-
related CIN2+. Of the 39, 38 had one HPV-positive swab before the diagnosis of disease.
One subject with no prior HPV 16/18 positivity in swabs developed disease. The diagnostic
biopsy was co-infected with HPV 16, 39, and 52. HPV 39 was detected in all previous
swabs, but HPV 16 and 52 were detected only in the biopsy. This example reflects the
problems relating to case assignment with multiple infection of the diagnostic biopsy.
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Table 2.4. HPV 16/18-related CIN2 or worse by prior infection with the same HPV type (subjects
naive to the relevant type receiving placebo)

Protocol no. [ref.] Infection No. of subjects Disease No disease
007 [62] Yes 30 2 28
No 221 0 221
Total 251 2 249
012 [63] Yes 254 29 225
No 1407 0 1407
Total 1661 29 1632
019 [64] Yes 84 7 77
No 1693 1 1692
Total 1777 8 1769
Combined Yes 368 38 330
No 3321 1 3320
Total 3689 39 3650

CIN2, cervical intraepithelial neoplasia of grade 2; HPV, human papillomavirus; no., number; ref., reference.

Source: Compiled from: Mufioz N, Manalastas R Jr, Pitisuttithum P, Tresukosol D, Monsonego J, Ault K et al.
(2009). Safety, immunogenicity, and efficacy of quadrivalent human papillomavirus (types 6, 11, 16, 18)
recombinant vaccine in women aged 24-45 years: a randomised, double-blind trial. Lancet. 373(9679):1949-57.

The data from the clinical trials establish a clear biological relationship between persistent
infection with a HR HPV type and the subsequent development of CIN2+ in which that HPV
type can be detected. However, virological end-points as surrogates compared with CIN3
are more distal to the true disease end-point of cervical cancer. Demonstrating a clear
statistical (as well as a biological) relationship for persistent infection that satisfies the criteria
for a surrogate statistical end-point [65] would reinforce the validity of persistent infection as
an end-point.

2.6.4 Summary: persistent infection as a surrogate end-point for high-grade cervical
disease

The studies reviewed above show that persistent infection with a HR HPV type is a
prerequisite for the development of progressive cervical neoplastic disease. Both the
biological and the statistical analyses in cross-sectional and cohort studies and the RCTs of
the licensed vaccines strongly support the notion that persistent infection with a HR HPV
type could be used to replace CIN2+ as a primary efficacy end-point in trials. Efficacy
against 12-month persistent HPV 16/18 infection was the primary end-point in the CVT.
However, regulatory authorities will be cautious about vaccine approval without robust
evidence that efficacy against disease has been well established, and there are some issues
that remain to be resolved.

The definition of persistent infection needs to be established and agreed upon. The cohort
studies and the vaccine RCTs have shown that even short-term persistent infection for HPV
16 or 18 is predictive of disease. However, duration of infection is also a very important risk
factor; the longer an HPV infection is detectable, the greater the risk of disease. It seems
from the evidence that 6-month persistent infection as defined in the RCTs for both licensed
vaccines, i.e. samples positive for the same HPV type on two or more consecutive visits at
least 6 months apart, is de facto the accepted definition of persistent infection and is
predictive of high-grade disease. There is robust evidence for this for HPV 16/18, but this
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evidence is less strong for the other most prevalent carcinogenic types, HPV 31, 33, 35, 52,
58, and 45 [55, 56]. This is particularly important for HPV 45, which is the third most
prevalent type in cervical carcinoma but a minor type for infection and CIN2+. The data from
the large cohort studies [56, 66] show that persistent infection with types other than HPV
16/18 precedes precancerous lesions but that there is a slower progression to disease with
these types — 12-month persistent infection may be a more robust predictor for these minor
types. However, even if persistent infection is accepted as an end-point, regulatory
authorities are conservative bodies and will most likely require that the clinical end-point of
CIN2+ continue to be followed as a secondary end-point.

Very high vaccine efficacy against persistent infection with HPV 16 and 18 has been
demonstrated in the pivotal RCTs for the licensed vaccines, and the correlation between
persistent infection with HPV 16/18 and CIN2+ is very strong. Comparable efficacy against
persistent infection with oncogenic types other than HPV 16 and 18 will have to be achieved
in any trials with next-generation vaccines. If efficacy against persistent infection is moderate
or low (= 70%), then it could be argued that those infections that are not prevented may be
the ones that progress to cervical cancer.

Compared with histopathological end-points, virological end-points are more informative and
robust in situations with multiple infections. In these cases, if histopathological end-points
are used and more than one HPV type is detected in the diagnostic biopsy, the question
arises as to which HPV type is causal. A virological end-point is unequivocal in such
situations since either a persistent infection with a specific HPV type has been detected or it
has not.

However, if a virological end-point is to be used as a primary end-point, the importance of
internationally standardized, quality-controlled, and audited testing methodologies used for
HPV detection and genotyping in trials cannot be overstated. Molecular testing and typing
requires standardization of the sampling protocols and of the sites from which samples are
taken in the anogenital tract, as well as standardization of the nucleic acid extraction
protocols and of the amplification procedures. Since next-generation vaccines will target
HPV types other than HPV 6, 11, 16, and 18, the sensitivity, specificity, and reproducibility of
the detection and genotyping methods [67] will be crucial to comparability between trials.

2.7 Vaccine-induced immune responses

The current assumption is that antibody is the mechanism of protection afforded by HPV
VLP vaccines. Rigorous evidence for this is based at present on preclinical studies in
animals that showed that passive immunization of naive recipients with serum
immunoglobulin purified from VLP immunized animals protected against high-dose viral
challenge. Only intact VLPs could generate protective antibody, and these and other data
provided evidence that conformational epitopes in L1 are required to generate neutralizing
antibodies and that neutralizing antibody was required for protection (reviewed in [68]).

2.8 Monitoring vaccine-induced immunity — sero-assays

The measurement of specific immunoglobulin anti-L1 VLP antibodies is the parameter used
to measure and monitor vaccine-induced immunity. The sero-assays used for the licensed
vaccines differ. The qHPV vaccine used a high-throughput competitive Luminex
immunoassay (cLIA). In this assay the VLPs are bound to microspheres and then incubated
with a vaccine HPV type-specific neutralizing monoclonal antibody labelled with a dye,
together with the serum sample [69, 70]. The assay measures only that one neutralizing
antibody species that competes with the monoclonal antibody. The assay is therefore highly
specific but relatively insensitive, since it measures only one of the several neutralizing
antibodies that are generated and is an underestimate of the neutralizing antibody response

30



[71]. The bHPV vaccine used a conventional enzyme-linked immunosorbent assay (ELISA).
This measures the polyclonal antibody response of both neutralizing and non-neutralizing
species [72]. This assay is therefore highly sensitive but has a reduced specificity. A
conventional neutralizing assay is not feasible for HPV since in vitro culture systems for the
production of bulk amounts of infectious virus are not available. The most widely used
neutralizing assay uses pseudovirions or surrogate virus particles. Pseudovirions are L1/L2
VLPs that have packaged a reporter plasmid that encodes an enzyme such as an alkaline
phosphatase or a fluorescent protein. The expression of these after cell entry is a measure
of how many pseudovirions have infected cells [73].

Careful studies have looked at the correlation between the data generated by each of these
assays and have shown that the generation of neutralizing antibodies is highly correlated
whichever assay is used [74]. However, as discussed above, the sensitivity and specificity of
the assays differ. A key issue for future clinical studies using new-generation vaccines is the
standardization and quality control of the protocols for the sero-assays, the reagents used in
these assays, and the reporting of antibody concentrations using agreed International Units

(V).

2.9 Immunogenicity

In contrast to natural infections, in which the humoral immune response is slow and weak
and only 50-70% of individuals seroconvert, systemic immunization with L1 VLP vaccines
generates high serum antibody concentrations at least 50-1000 times those measured in
natural infections [75] and virtually all vaccinees seroconvert [76—78]. After the three-dose
immunization schedule, geometric mean titres (GMTs) for antibodies to the vaccine HPV
types peak at month 7. GMTs then wane until month 18-24, when there is a plateau at about
10 times levels in natural infections [76, 78], which remains stable for at least 8-9 years after
the primary immunization [14, 15]. This pattern of antibody response is consistent with the
notion of the generation after the three-dose immunization schedule of a large population of
antibody-secreting plasma cells with varying lifespans, some of which have the phenotype of
long-lived plasma cells that migrate to the bone marrow and survive for life, maintaining a
low but constant antibody production. Antigen challenge at 60 months after dose 1, with
either vaccine, results in a rapid and robust anamnestic response with antibody
concentrations rising within a week to levels greater than those achieved at peak (1 month
after dose 3) in the initial immunization schedule, demonstrating the presence of reactive
memory B cells [79, 80]. However, although the HPV VLP vaccines are highly efficacious
and immunogenic, to date there is no immune correlate of protection against infection or
disease. The minimum level of antibody needed for such protection and the role of B-cell
memory if antibody wanes have yet to be established.

Experimental animal data using rodent cervicovaginal infection and challenge models may
be informative. In these models, micro-wounds are induced at the cervical squamocolumnar
junction in mice and macaques [81, 82]. The animals are then challenged vaginally with HPV
pseudovirions, L1/L2 VLPs that have packaged a plasmid encoding a reporter molecule
such as red fluorescent protein. Using sensitive longitudinal in vivo imaging technologies, the
course of HPV pseudovirion infection and the effect of passive transfer of antibody to
prevent infection can then be followed in living animals. Recent data using this model and
passive immunization with sera from animals immunized with the commercially available
vaccines show that very low concentrations of antibody are protective [83]. Such
concentrations in vivo are up to 100-fold lower than those measured in vitro by the gold
standard pseudovirion neutralizing sero-assay [84]. This suggests that very low levels of
vaccine-generated antibody, below our capacity to measure at present, will be protective.
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2.10 Immunogenicity and second-generation vaccines

The absence of an immune correlate raises challenges for second-generation vaccines,
which it is assumed will include HPV 16 and 18 as immunogens. It is probable that the
clinical trials evaluating such vaccines will be required, ethically, to use an active HPV
vaccine comparator instead of a placebo control. In such a scenario the new vaccine will
probably, as a regulatory requirement, need to show (i) seroconversion rates comparable to
those of the current licensed products, and (i) GMTs in young women that meet the
statistical criterion for non-inferiority, i.e. that at the lower level of the confidence interval for
the fold difference in GMTs between groups exclude a decrease of 2-fold or more for each
HPV type.

This could be an issue for multivalent L1 VLP vaccines, since there is the potential for
immune interference by the additional new L1 VLPs reducing the antibody response to HPV
16 and 18 compared with the comparator vaccine, and a problem for capsomer-based
vaccines, since the immunogenicity of these is usually less than that of VLP vaccines [85].
Furthermore, because the prophylactic efficacy of both the current vaccines approaches
100% for both disease and infection and there have been no, or very few, cases of
breakthrough infection, it has not been possible to define the minimum level of antibody that
correlates with long-term protection against HPV infection and, increasingly, it looks unlikely
that an immune correlate that is easily measurable will be defined. It is very unlikely,
therefore, that the demonstration of immunogenicity alone for any new vaccine will be
sufficient for regulatory authorities, and non-inferiority for persistent infection and/or CIN2+
will be required.
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Chapter 3. Methodological issues for trials of vaccine efficacy
against HPV types 16 and 18

Eduardo Franco, Mark Schiffman, Sholom Wacholder, and Margaret Stanley

3.1 Introduction

A key topic in cancer epidemiology is the validation of end-points for use in prevention,
screening, and treatment trials. The relevant background literature has been summarized in
Chapter 2. Essential to the points discussed in the present chapter is the accrued knowledge
on the efficacy of first- and second-generation virus-like particle (VLP) vaccines and the
natural history of human papillomavirus (HPV) infection and cervical cancer. Discussions
about the advantages and disadvantages of lesion and virological end-points for future trials
and about markers of immune response as possible end-points in trials are also found in
Chapter 2 as well as in other chapters of this Report.

Specifically for the present chapter, we discuss the natural history and statistical basis for
using virological outcomes in trials of new vaccines, whether based on VLPs constructed
with the HPV L1 capsid protein only or both L1 and L2, as well as future vaccines based on
L1 capsomers. The key premise in our line of reasoning is the expectation that successive
candidate HPV vaccine formulations will increase the range of protection against multiple
carcinogenic HPV types while increasing the vaccine efficacy (VE) or maintaining the same
VE of previous-generation vaccines.

Although our goal is to cover cervical disease only, we recognize that decisions concerning
trial design in relation to end-points for other anatomical sites will be different. Most of the
knowledge concerning validity of end-points applies to the natural history of HPV infection in
cervical cancer. We know relatively far less for other anatomical sites, such as the anus,
vagina, vulva, penis, and oral cavity and pharynx.

As this chapter is intended to cover pragmatic questions to assist policy-makers and
regulatory agencies, it provides only a limited number of references for the arguments
advanced herein. Readers will find more detailed background information with
comprehensive bibliographies elsewhere in this Report.

3.2 Validated and non-validated end-points

One of the most discussed topics in cancer epidemiology is the validation of end-points for
use in prevention, screening, and treatment trials. We use the term “validation” to denote the
acceptance of a particular end-point by a regulatory agency, such as the United States Food
and Drug Administration (FDA) or the European Medicines Agency (EMA), as part of the
pre-specified outcomes in a randomized controlled trial (RCT) proposed as primary
objectives. The burden of proof that the proposed end-point is a validated one is typically left
to the applicant (e.g. a pharmaceutical company) to the regulatory agency. In the specific
case of HPV vaccination, regulatory agencies have indicated a priori that they will accept
claims related to cervical cancer prevention only if based on results of RCTs with high-grade
cervical intraepithelial neoplasia (CIN), i.e. CIN of grade 2 or 3 (CIN2/3), or worse lesions
(cancer). Compared with earlier steps in the causal pathway based on infection, CIN2/3 is a
“downstream” end-point in the natural history of cervical cancer. CIN3 is in fact considered
an unequivocal precancerous state.

There are three advantages in using biological intermediates, all of which are of a pragmatic
nature: (i) intermediate end-points are more common, which permits trials to be smaller while
attaining adequate statistical power, (ii) they occur earlier, i.e. they are more “upstream” in
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the natural history of cancer, which permits trials to be shorter in duration, and (iii) they do
not require censoring because of treatment that is clinically indicated if a CIN2/3 lesion is
present. To be suitable, intermediate end-points must fulfil statistical and biological criteria.
Biological criteria relate to the plausibility that an intermediate end-point is truly a causal one
and not a proxy or correlate of a true biological intermediate. For instance, serum prostate-
specific antigen (PSA) levels are strongly predictive of whether a man has prostate cancer or
will be diagnosed with prostate cancer in the future. An intervention that succeeded in
preventing prostate cancer from occurring would also prevent PSA levels from rising.
However, the converse is not true. A strategy to lower PSA levels will not necessarily
prevent prostate cancer; it may do so only if it arrests the natural history of the disease. That
being said, not all intermediate end-points, even if they are on the causal pathway, are good
surrogate end-points, particularly if the disease in question has a broad multifactorial etiology
and the intermediate end-point is upstream to only one of the causal factors. Wacholder’s
view [1] is that a suitable intermediate end-point ought to have a high population attributable
fraction (PAF) for the cancer end-point and a high positive predictive value (PPV). In other
words, a large proportion of the cancers would have to originate from the intermediate end-
point and a large proportion of the intermediate end-points would eventually become cancer.
The definition of “large” in the previous sentence implies how close the intermediate end-
point is to being a necessary (PAF approaching 100%) and sufficient (PPV approaching
100%) step in the causal pathway to cancer.

The statistical criterion formulated by Prentice [2] indicated that an intermediate end-point
would be valid only if it captures the entire statistical relation between the intervention and
the final outcome. The extent with which an intervention prevents the intermediate end-point
would be comparable to the effect in averting the final outcome; in the case of HPV
vaccination, the VE represents such an effect. In practice, this means that the VE for
intermediate end-points that do not progress to cancer equals the VEs for intermediates that
do progress to cancer. However, as pointed out by Wacholder [1], this expectation is not
verifiable in practice if one cannot fully observe a paradigmatic relation between the
intervention and final outcome. Screening or HPV vaccination studies of cervical cancer
prevention pose such a problem because of the ethical impossibility of conducting these
studies with full completion, i.e. until cervical cancer has a chance to develop. In a research
setting, investigators are expected to intervene and treat by ablation or excision any
precancerous lesions, to avoid the risk of them progressing to cancer. Yet, currently
accepted regulatory standards for end-points to be used in HPV vaccination trials state that
CIN2/3 is universally accepted, even though no trial has had or will have the opportunity to
demonstrate that Prentice’s criterion is fulfilled in the setting of cervical cancer.

The reason for the high credibility of CIN2/3 as a validated end-point for cervical cancer
prevention comes entirely from the time-tested consistency of the observation that the
process of discovering and treating CIN2/3 via screening leads to a subsequent reduction in
the incidence of and mortality from cervical cancer in different populations. The body of
evidence is thus entirely ecological; there have never been — and likely never will be — any
controlled trials to support this notion. The practical proof of validity will be the extent and
timing of the reduction in cervical cancer in vaccinated women. Enhanced credibility also
comes from abundant natural history and epidemiological evidence that virtually all cases of
cervical cancer arise via a well-defined series of steps: sexual transmission of HPV infection,
persistence of infection, development of cervical precancer, and invasion. The key
assumption — which is accepted as a scientific canon — is that the PAF of cervical cancer for
the pathway that involves CIN2/3 is 100%. Each step in the carcinogenic process is
necessary, or has a PAF of 100%; preventing any single step prevents cancer development.
Thus, in the absence of direct sexual contact, there is almost no cervical cancer (e.g. nuns
have very low rates of cervical cancer). In the absence of HPV acquisition and persistence,
there is practically no risk. Precancer (defined best as CIN3, as mentioned above) is a
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logically necessary intermediate but proximal end-point. Therefore, for all practical purposes,
regulatory agencies tacitly accept that trials of cervical cancer prevention can confidently rely
on CIN2/3 as a validated end-point and that the magnitude of the impact (i.e. reduction in
incidence) on CIN2/3 by an intervention such as HPV vaccination will be expected to result
in a comparable impact on the incidence of cervical cancer in the future. If the VE for CIN2/3
is 100%, and the PAF of CIN2/3 for cancer is 100%, all cancer will be prevented.

This logical chain might break down in some theoretical settings. An assumption of equal
VEs against an early and a late end-point is essentially equivalent to an assumption that the
vaccine does not affect the transition or transitions between end-points. Especially when the
VE is not high, a high PPV for cancer, given the intermediate end-point targeted by the
vaccine, may be necessary to provide reassurance about the suitability of the end-point; a
low VE against an intermediate end-point with a low PPV leaves open the disheartening
possibility that the vaccine preferentially prevents end-points that do not go on to cancer. In
principle, the greater the PPV for the chosen end-point, the more likely it is that vaccine
effectiveness will translate into prevention of cancer.

It stands to reason that in a sequential causal pathway originating with a single necessary
cause, such as HPV infection in cervical cancer, the impact (of the intervention) on a cancer
end-point later in the natural history is closer to the impact on cancer, simply because fewer
assumptions of no effect are required. Logically, reducing sexual activity by 50% would not
necessarily prevent 50% of cervical cancer because of the heterogeneity in sexual
transmission dynamics and the dependence on HPV prevalence in partners, conditions that
lower the PPV from sexual activity. Our question is about steps later in the sequence than
sexual behaviour, i.e. whether prevention of a certain percentage of virological intermediate
end-points would lead to the same percentage of cervical cancer being averted. It is,
nevertheless, reassuring that the incidence rates of cervical cancer in countries with
sociocultural norms that are not conducive to transmission of HPV infection, for example
Middle Eastern countries, are comparable to that in Finland, a country that has possibly one
of the best organized cervical cancer screening programmes in the world. In other words, a
downstream intervention (screening) that identifies and treats CIN2/3 exerts approximately
the same impact on the final outcome (cervical cancer) as one exerted distally (risk
behaviour avoidance), completely upstream in the causal pathway of this disease.

Despite the strong body of evidence concerning the validity of the linear causal pathway
from sexual activity to HPV infection, then to CIN2/3, and finally to cervical cancer (the latter
being observed only via ecological studies), regulatory agencies appropriately require a high
burden of proof before a virological end-point, i.e. a measure of HPV infection, can be
accepted for a trial to support a regulatory claim of preventive value against cervical cancer.
They should note, however, that a virological end-point is important not only for scientific and
public health reasons but also for pragmatic and economic reasons, to permit financially
viable clinical development programmes by the private and public sectors.

Of course, not every virological end-point should be deemed adequate, even if cost-
effective. Although a perfect measure of HPV acquisition might theoretically serve as an
adequate surrogate end-point, one-time HPV positivity may represent simple deposition (i.e.
detection of HPV DNA deposited in the cervical surface from very recent sexual activity and
which may not necessarily become a productive infection) without true infection, the
prevention of which would not lead to prevention of cervical cancer. Therefore, one must rely
on some length of type-specific persistence that indicates a high probability of true infection
(we are discounting the unlikely possibility of repeated deposition without infection).

Specifically, a question that has been highly debated and is central to the discussion of
feasibility of end-points is whether a fixed period of HPV persistence (e.g. 6 months or
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1 year) can serve as an adequate surrogate end-point for cervical cancer risk. For example,
if a vaccine prevented 50% of persistent HPV 16 infection, would 50% of HPV 16-associated
cervical cancer be prevented? As mentioned above, there is no direct evidence referring to
cervical cancer itself. If we demand that level of evidence, there is no established surrogate,
including histological precancer (which is generally taken as CIN2/3). For HPV 16 at least,
we have direct evidence from vaccine trials that the magnitude of the reduction in incidence
of persistent infection equals the reduction in incidence of CIN2/3. This is consistent with
other observations showing that persistent HPV 16 infection and HPV 16-associated CIN2/3
are highly linked, with a demonstrated transition probability (i.e. a PPV) of nearly 50% [3].

An important assumption in the foregoing discussion about the validity of virological end-
points is the quality of the measurement, i.e. accuracy, consistency, and reliability. There is
abundant empirical proof that without properly validated assays our ability to measure the
causal relation between HPV and cervical cancer is severely impaired [4]. Minimizing errors
in the process that includes specimen collection, transportation, and testing for the presence
of nucleic acids of specific HPV genotypes via validated laboratory assays is an imperative
for the above-mentioned epidemiological arguments to hold. Fortunately, the advent of HPV-
based prevention strategies (vaccination and screening) has led to international cooperation
coordinated by WHO in ensuring quality control proficiency in laboratory testing for HPV
DNA [5].

3.3 Are randomized controlled trials with CIN2/3 end-points feasible for the future
generation of HPV vaccines?

Based on the above-mentioned premises of validated biological intermediates in cervical
cancer prevention, the more upstream one focuses in the natural history, the more common
the end-point. By the same token, the more downstream (i.e. proximal) in the causal
pathway, the rarer the end-point and the longer it will take for it to be observed. The
relationship between the frequency (or in sample size calculation parlance, the attack rate)
of an end-point and the projected size of an RCT can be illustrated with data from the trial of
HPV vaccination in Guanacaste, Costa Rica [6]. Table 3.1 shows that sample size
requirements for a hypothetical HPV 16/18 vaccine decrease as one goes upstream in the
type-specific natural history. Taking HPV 16 as an example, there were 671 cases of
incident infection among women in the placebo arm of the Costa Rica Vaccine Trial. Among
these, 238 persisted for 1 year and 94 for 2 years, and 18 of the infected women developed
cervical intraepithelial neoplasia of grade 2 or worse (CIN2+).

The complexity of study management aside, the cost borne by the sponsor of an RCT is
directly related to the final sample size requirements and the duration of the study. Reliance
on a 1l-year type-specific persistence for any given type rather than CIN2+ implies
substantial savings for the study (Table 3.1). The sample size requirements for an end-point
of CIN2 or worse lesion (the current paradigm) would be 14-16-fold greater than for a type-
specific persistent infection measured at two time points, 1 year apart, after vaccination
completion. Correspondingly, the savings consequent to the reduction in sample size
requirements relative to those that would be necessary for upholding the standard of CIN2+
in an RCT would be >90% for a definition of 1-year type-specific HPV infection. In the
example chosen (50% protection), the ratio of sample size to the reciprocal of the relative
frequency of the event is mostly > 100 and increases with severity. Overall, it can be seen
that the sample size needed is inversely proportional to the attack rate.
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Table 3.1. End-points based on HPV 16 and 18 virological and lesion fre(Luencies in the placebo arm®
of the Costa Rica Vaccine Trial and associated sample size requirements

Statistic HPV type Composite end-point assuming conditionality®
Incident l-year 2-year CIN2+
infection persistent persistent

infection infection
Number of cases HPV 16 671 238 94 18
HPV 18 361 78 24 4
HPV 16 or 18 1032 316 118 22
Proportion relative to HPV 16 19.33% 6.86% 2.71% 0.52%
entire cohort HPV 18 9.91% 2.14% 0.66%  0.11%
HPV 16 or 18 27.62% 8.46% 3.16% 0.59%
Sample size (both HPV 16 554 1740 4557 24 215
arms), N HPV 18 1166 5790 19006 93342
HPV 16 or 18 352 1386 3888 20 454
Reduction in sample HPV 16 97.7% 92.8% 81.2% Ref.
sizerelative to CIN2+ 15y 4 98.8% 93.8% 79.6% Ref.
HPV 16 or 18 98.3% 93.2% 81.0% Ref.
Ratio of N to the HPV 16 107 119 123 126
Lzzggoca' percentage of o\, 1g 116 124 125 102
HPV 16 or 18 97 117 123 120

CIN2+, cervical intraepithelial neoplasia of grade 2 or worse (CIN3 and cancer); HPV, human papillomavirus;
Ref., referent group.

#3736 women and 19 503 women-years of follow-up.
® Based on 90% power, 5% a error, and 50% effect size (vaccine efficacy) (using formulae in Blackwelder [7]).

¢ Counts and associated proportions reflect cumulative frequencies, i.e. each cell represents the sum of all end-
points downstream from it (to the right of it in the table row) and conditioned on the HPV type shown.

Finally, the savings translate also in terms of duration. An RCT based on 1-year type-specific
persistence would require at most 2 years of follow-up to accommodate the vaccination
administration regimen and the follow-up phase after the last dose. In contrast, an RCT
designed with CIN2/3 (a step with a long latency period) as end-point would require an extra
2-3 years to accrue a sufficient number of cases to be able to attain the required statistical
power.

3.4 Benchmarking protection against HPV 16 and 18

Nearly three quarters of all cervical cancers are caused by HPV 16 or 18, the two types
against which there are two clinically validated vaccines, Gardasil (from Merck) and Cervarix
(from GlaxoSmithKline). The initial successes of trials with these vaccines have established
benchmarks of performance in terms of efficacy and duration of protection against both
virological and lesion end-points. Protection against these two HPV types and their
associated lesions is very high at = 95% (depending on the type of analysis and restrictions
to the source cohorts in the RCTs). Future vaccines will have to be evaluated against these
benchmarks. The second generation of vaccines may be based on VLPs containing L1 for
multiple types (a nonavalent candidate has already completed clinical studies; see below),
whereas third- and fourth-generation candidate vaccines may be based on L1 capsomers
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and/or L2 capsid protein to enhance the range of types against which protection can be
attained. The immunogenicity of these future vaccines may also be enhanced with new
adjuvants being developed (see Chapter 2).

Obviously, the goal in developing new HPV vaccines is to extend the range of protection to
cervical cancers other than those caused by HPV 16 and 18, a question that is best
addressed by sample size projections based on a superiority trial framework. The
implications of a superiority comparison were discussed above and shown in Table 3.1 to
illustrate the impact of choosing a virological end-point on the costs and duration of a trial.
However, in addition to the concerns about properly measuring the incremental gain in
protection via a candidate vaccine with enhanced HPV immunogenic properties, one also
has to maintain the original protection that has been demonstrated against HPV 16 and 18.
The same is also true for HPV 6 and 11 for any new vaccine whose expanded range of
protection includes these two types.

An RCT of a candidate nonavalent vaccine, whose results were recently announced [8],
compares a new vaccine that contains nine types as individual VLP components against
Gardasil, the control arm vaccine, which includes four types (HPV 6, 11, 16, and 18). A key
question of clinical and public health relevance is: How much extra protection against
cervical lesion outcomes will this nonavalent vaccine provide relative to what is expected
with quadrivalent Gardasil alone? Will the addition of five high-risk types (HPV31, 33, 45, 52,
and 58) as immunogens bring extra protection in preventing cervical lesions while the “core”
protection against HPV 16/18 and HPV 6/11 (and their associated lesions) is maintained?
Having recruited 14 215 women aged 16-26 years, Merck’s trial for its V503 (the provisional
name) vaccine was designed to measure the extra protection with sufficient power for a
superiority trial while permitting ample power to assess non-inferiority for the protection
against HPV 16/18 and HPV 6/11.

The definition of statistical boundaries for equivalency of efficacy becomes critical for types
in which an expectation exists as to how well a vaccine should perform. For the sake of
argument, a proportional gain of an extra 20% protection in absolute terms relative to an
original protection of 70% when only HPV 16/18 outcomes are prevented would raise the
population-level protection to 90% of all cervical lesions. Hypothetically speaking, however, it
is possible that this gain may be obscured by a small loss of protection against outcomes
associated with HPV 16 and 18. For instance, the net 90% overall protection may be the
result of a lower VE against HPV 16/18 outcomes for the new vaccine (relative to
guadrivalent Gardasil) that ends up being compensated for by the expanded protection
against lesions caused by the other five high-risk types. Stakeholders may have different
opinions about whether this is an acceptable trade-off. There is sufficient evidence to
indicate that lesions caused by HPV 16 and 18 are worse in prognosis and tend to occur
earlier than those caused by other high-risk types. In terms of the potential for preventing
cervical cancers, it could be argued that preventing an HPV 16 infection (high PPV and high
PAF) is far more important than preventing an infection with, say, HPV 52 (low PPV and low
PAF).

In addition to the above-mentioned concerns related to quantitative expectations about gains
or equivalency in efficacy, one must also qualify the type of outcome. From a prevention
standpoint, a new vaccine will ideally reduce the incidence of the pre-specified validated
end-point, whether it is a defined measure of persistent HPV infection of a given type (as
proposed in the above-mentioned arguments) or CIN2/3 and cancer (as broadly accepted by
regulators). For non-inferiority of efficacy against HPV 16/18, the sample size requirements
based on incidence rates are more onerous than those based on calculations of equivalency
of immunogenicity, which can be defined as comparability of geometric mean serological
titres by trial arm at the end of the vaccination regimen. Using immunogenicity instead of
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preventive efficacy permits earlier assessment of non-inferiority for outcomes that have been
accepted a priori as validated bridging end-points. Such a strategy was used to justify
vaccinating girls aged 9-11 years and by Merck in its V503 trial of the nonavalent HPV
vaccine. The non-inferiority of the V503 candidate (nonavalent) vaccine against the
established Gardasil (quadrivalent) vaccine taken as control was decided on the basis of
immunogenicity against the four HPV types that were common to both vaccines (HPV 6, 11,
16, and 18). Such a strategy permitted the company to satisfy regulatory agencies with a trial
of the size of the pivotal efficacy study (N ~ 14 000). Were non-inferiority against the above-
mentioned four types to be based on incidence of type-specific virological and lesion
outcomes, the sample size requirements would have been much larger. At the end of the
trial, there were only 3 cases of CIN among the per-protocol population (N ~ 11 500), 2
among controls, and 1 in the V503 arm [8]. It suffices to take a look at the estimates of trial
size in Table 3.1 to see that even a study as large and costly as Merck’s V503 trial would not
have permitted adequate statistical resolution between the efficacy of the new, nonavalent
vaccine and that of the established, quadrivalent one.

In summary, the implications suggested above regarding the influence of the frequency of
the end-point on the size and duration of an RCT also apply to the equivalence or non-
inferiority framework. The sample size requirements for both situations are similarly affected.
In theory, the required sample size to detect equal VE is proportional to the expected
number of events in both superiority and equivalence/non-inferiority trials.

3.5 Conclusions

From a regulator's perspective, conservatism tends to be favoured in deciding about
acceptable end-points, to protect the public against medical products that do not exert a
beneficial effect on clinically relevant outcomes. However, in the specific case of HPV 16
and 18 infection and cervical cancer, there is abundant and sufficient evidence that relying
on a virological end-point such as persistent type-specific infection determined with validated
and quality-assured assays will be technically acceptable and pragmatic. Use of
immunogenicity outcomes provides a sound basis for assessing the equivalence of
protection against types in new vaccine formulations that are common to those in standard-
of-care vaccines already approved and taken as controls.

Keeping a dogmatic preference for a less common downstream end-point will result in overly
stringent sample size and trial duration requirements, which will increase costs of clinical
development of new HPV vaccines enormously as they reach ever-broader levels of
protection against multiple Alphapapillomavirus types. This, in turn, will inhibit continual
improvement of the technology because of the economic disincentive to the industry.
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Chapter 4. Trials of vaccine efficacy against cervical outcomes
associated with HPV types other than HPV 16 and 18

Silvia Franceschi and Silvia de Sanjosé Llongueras

4.1 Introduction

The primary efficacy end-points endorsed by WHO and required by regulatory authorities for
the first phase Il trials of the licensed human papillomavirus (HPV) 16/18 vaccines were
high-grade histologically confirmed lesions, i.e. cervical intraepithelial neoplasia of grade 2 or
3 (CIN2/3), adenocarcinoma in situ, or worse lesions (hereafter referred to, for brevity, as
CIN2/3+) as best surrogates of invasive cervical cancer. Therefore, large and long-duration
trials had to be carried out to reach sufficient statistical power to demonstrate vaccine
efficacy (VE) against CIN2/3+ associated with the vaccine types HPV 16/18 or with any high-
risk (HR) HPV types. Successful trials were facilitated by high VE and high incidence rates of
HPV 16/18-associated CIN2/3+ in women in the age group 15-26 years. In fact, trials
targeting older women showed significant VE against HR HPV persistent infection, and all
CIN, but they did not reach statistically significant results against CIN2/3+ in women aged
24-45 years [1]. Vaccines that are currently in preparation or under clinical evaluation (e.qg.
based on virus-like particles [VLPs], capsomers, L2 vaccine) target HR HPV types other than
HPV 16 and 18 (hereafter referred to as “other HR HPVs”) in addition to HPV 16/18. To
facilitate the evaluation and accelerate the availability of broader-spectrum or cheaper
vaccines, it is important to consider possible modifications in trial protocols, notably
alternative end-points, in particular for VE against other HR HPVs.

Our present understanding of the natural history of other HR HPVs is more limited than our
understanding of HPV 16 and, to some extent, HPV 18 on account of the relative rarity of
other HR HPVs in CIN3 and invasive cervical cancer. Here, we will refer, wherever possible,
to 13 other HR HPVs, i.e. those that were categorized as “carcinogenic” (HPV 16, 18, 31, 33,
35, 39, 45, 51, 52, 56, 58, 59) or “probably carcinogenic” (HPV 68) to humans [2]. Other
types of doubtful carcinogenic potential (e.g. HPV 26, 53, 66, 67, 70, 73, and 82) [2] and
HPV 6 and 11 will not be discussed here.

A comprehensive review of the knowledge about other HR HPVs is beyond our present
aims, but we summarize key information from a selection of large studies. Data from meta-
analyses of worldwide HR HPV prevalence [3-5], cohort studies [6-10], and screening
studies [11, 12] provided information on the involvement of other HR HPVs in the
development of CIN of all grades and invasive cervical cancer. Two meta-analyses of cohort
studies [13, 14] are especially useful to evaluate the frequency and duration of persistent
infection with other HR HPVs and compare them with those of HPV 16/18. In addition, HPV
vaccine trials enable evaluation of the correlation between different VE end-points, notably
for non-vaccine types that showed evidence of cross-protection, i.e. HPV 31, 33, and
(bivalent vaccine only) HPV 45 (Allan Hildesheim, personal communication; for a review, see

[15]).
The rarity of other HR HPVs in cancers of the anogenital tract (other than the cervix) and in

the head and neck is also described [16-18]. Essential questions and answers in relation to
different VE end-points for other HR HPVs are proposed (Table 4.1).
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Table 4.1. Main questions and answers in relation to vaccine end-points associated with HPV types
other than HPV 16 and 18

Question Answer

Question 1. Are CIN2/3 end-points the best option for vaccine No

efficacy against HR HPV types other than HPV 16/18?

Question 2. Do we have enough data on the natural history of HR Yes, at least for the cervix
HPV types other than HPV 16/18 to consider alternative end-points?  uteri

Question 3. Can persistent infection be used as a surrogate end- Yes

point to express vaccine efficacy against HR HPV types other than

HPV 16/18?

Question 4. Can serology be used as a surrogate end-point to Yes, but only for selected
express vaccine efficacy against HR HPV types other than HPV aims

16/18?

CIN2/3, cervical intraepithelial neoplasia of grade 2 or 3; HPV, human papillomavirus; HR, high-risk.

4.2 Main open issues

4.2.1 CIN2/3 end-points for vaccine efficacy

A large meta-analysis including polymerase chain reaction (PCR)-based data published up
to November 2011 from all world regions [4] can help to elucidate the implications of
retaining CIN2/3+ end-points if VE against other HR HPVs is to be evaluated. Table 4.2
shows the prevalence of each of 13 HR HPV types among HPV-positive women by cervical
disease grade. The last two columns in Table 4.2 show HPV 16/other HR HPV prevalence
ratios separately in CIN2 and CIN3. Ratios give an approximate idea of the increase in a
trial's women-years that would be required to achieve the same statistical power for
individual other HR HPVs as for HPV 16. Ratios < 5 were found for HPV 33, 58, 31, 52, and
51 when CIN2 was used as end-point, but only for HPV 31 when CIN3 was considered. In
CIN3, many HPV 16/other HR HPV ratios were = 10.

The number of CIN2/3 cases would obviously increase if VE were evaluated for several
other HR HPVs all together. The sum of the prevalence of HPV 31, 33, 45, 52, and 58 in
CIN3 (43.6%) is larger than the sum of the prevalence of HPV 16 and 18. This sum,
however, is greatly inflated by double-counting of HR HPV types in multiple infections (see
Answer 3 in Table 4.1). In the PATRICIA trial, one third of CIN3 among control women were
related to HPV types other than HPV 16 and 18 [15].

The evaluation of VE against vulvovaginal [16, 17], anal [17], and glandular cervical pre-
neoplastic lesions [4] would be even more difficult than for squamous cell lesions of the
cervix on account of the larger predominance of HPV 16- and 18-associated disease than in
CIN2/3+.

4.2.2 Natural history

Other HR HPVs are frequently acquired in sexually active women [8], can persist over time
[13, 14], and are linked to the development of CIN2/3+ lesions [9], including invasive cervical
cancer [19].

The cumulative incidence of infection with other HR HPVs in 3731 women aged 18-25 years
in Guanacaste, Costa Rica, was 29.4%, 43.0%, and 51.3% at 12, 24, and 51 months,
respectively [8]. It ranged between 1.7% for HPV 33 and 6.3% for HPV 52. Type-specific
cumulative incidence of other HR HPVs corresponded closely with type-specific prevalence,
whereas HPV 16 was more prevalent than predicted by incidence, confirming greater
persistence. Vast data on type-specific prevalence showed, however, that the prevalence of
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individual other HR HPVs varies substantially across world regions in women with normal
cytology but that the variation decreases as the severity of cervical lesion increases [3, 7,
10].

Strong evidence that other HR HPVs can often persist is derived from two meta-analyses
[13, 14] that included 41 and 86 cohort studies, respectively. The median duration of HR
HPV infection was on average 9.8 months [14]. The longest durations were found for HPV
16, 31, 33, and 52 (= 11 months). Longer duration of infection, wider testing intervals, and
concurrent presence of high-grade lesions were associated with larger relative risks of
CIN2/3+ [13]. However, repeated detection of HR HPV was a robust predictor of CIN2/3+
despite different definitions of persistence, HPV detection method, interval, and so on [13].

The probability of progression of persistent infection of other HR HPVs to CIN2/3+ has been
reported in many cohort studies. Kjaer et al. [9], for instance, followed up 8256 women aged
20-29 years for an average time of 13.4 years. Women with type-specific persistent infection
with other HR HPVs had a substantial probability of developing CIN2+ (ranging from 4.3%
for HPV 68 to 18.3% for HPV 33) and CIN3+ (ranging from 5% for HPV 45 to 32% for HPV
58). Findings from cohort studies also allowed a comparison between HPV 16 and/or 18 and
other HR HPVs. In the study of Castle et al. [6], 3-year incidence rates of CIN2/3+ after
persistent infection were 40.8%, 17.5%, and 10.0% for HPV 16, 18, and an average of other
HR HPVs, respectively. Schiffman et al. [20] distinguished type-specific viral persistence
from neoplastic progression to CIN3+ given persistence. Compared with low-risk types,
other HR HPVs were not particularly persistent, but they could cause neoplastic progression,
although at lower rates than HPV 16, if they persisted.

Several cervical screening trials showed the association between persistent infection and
CIN2/3+, but few provided detailed information on other HR HPVs individually. The VUSA
trial in the Netherlands [11] and the ATHENA study [12] reported cumulative CIN2/3+ risk
over 3 years among other HR HPV-positive women of 12.7 and 4.6 per 100, respectively.

A caveat is required about the natural history of other HR HPVs outside the cervix. HPV 16
accounts for most of HPV-associated non-cervical high-grade intraepithelial lesions and
cancer [16-18]. Persistent infection and neoplastic progression of other HR HPVs in the
anus, penis, vulva, and vagina, and in the head and neck are little understood and difficult to
evaluate.

4.2.3 Persistent infection as a surrogate end-point to express vaccine efficacy

Persistent infection with other HR HPVs was found to be strongly associated with CIN2/3+ in
many prospective studies that assessed individual HPV types or groups of types defined by
phylogenetic species (see Answer 2 in Table 4.1). Newly acquired infections were associated
with lower risk of CIN2/3+ than were long-duration/prevalent infections, regardless of age
[21]. Data on the correlation between persistent infection and CIN2/3+ from HPV vaccine
trials are scantier for other HR HPVs than for HPV 16/18. However, the estimates of VE
against other HR HPVs were similar using CIN2/3+ and 6-month persistent infection as end-
points, in agreement with what was reported for HPV 16/18 [15]. Unpublished data from the
Costa Rica Vaccine Trial of the bivalent vaccine show a good correlation between VE
estimates based on CIN2/3+ and on 12- or 6-month persistence for the combination of HPV
31, 33, 45, i.e. the other HR HPVs that showed significant cross-protection (Table 4.3) (Allan
Hildesheim, personal communication). However, the use of 6-month persistent HPV
31/33/45 infection allowed > 10-fold more events to be observed than the use of CIN2/3+
associated with the corresponding types. The estimates of VE against the combination of
HPV 31/33/45 (64.1%; 95% confidence interval [Cl], 49.7—74.8%) were similar to but slightly
more conservative than VE estimates based on CIN2/3+ (77.3%; 95% CI, 4.8-96.7%). For
the combination of HPV types 35, 39, 51, 52, 56, 58, 59, and 68/73, the use of CIN2/3+ as
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end-point led to a much larger VE than the use of persistent infection, on account of the
difficulty of adjudicating cervical lesions to individual HPV types. In fact, persistent infection
is clearly superior to CIN2/3+ in the evaluation of multiple-type cervical infections (see
Answer 1 in Table 4.1).

The choice and interpretation of persistent infection as an end-point for other HR HPVs are
more complicated in (i) trials in women above a certain age, for example 35 years, because
of the probable rarity of neoplastic progression of new cervical infections with other HR
HPVs in older women [22] and (ii) trials in men and/or targeting cancer of the head and neck,
because of the rarity of other HR HPVs in HPV-associated malignancies other than cervical
cancer [16-18].

4.2.4 Role of serology

Prospective studies and HPV vaccine trials provided limited information on the correlation
between seropositivity and CIN2/3+ or persistent infection for other HR HPVs [23-25]. In
addition, quantitative serological methods for other HR HPVs (see, for instance, problems
with HPV 52 [23, 24]) require additional cross-validation and standardization (see the work of
WHO HPV LabNet [26]). New broader-spectrum vaccines may imply additional problems, for
example between-type immune interference (see Chapter 2).

Nevertheless, the evaluation of high levels of antibodies against any HPV is more robust
among vaccinated individuals than the evaluation of much lower levels arising from natural
infection. Immunogenicity associated with persistent infection with vaccine HPV types at a
given time, for example 2 or 3 years, can, therefore, help in establishing non-inferiority of
new VLP vaccines versus first-generation VLP vaccines. Immunogenicity will also remain
essential for bridging studies in adolescent girls and boys and in children, as soon as it will
be possible to envisage HPV vaccination. It is, however, difficult at present to endorse
serology as primary VE end-point, notably in the case of other HR HPVs.

4.3 Discussion

The use of persistent infection with other HR HPVs as a proxy of CIN2/3+ in HPV vaccine
trials is supported by strong evidence that high-grade cervical lesions are preceded by
persistent infection for all HR HPV types. The use of persistent infection will allow gains in
terms of statistical power and accuracy in the assessment of VE in the presence of multiple-
type infections. In fact, the use of persistent infection would make the study size necessary
to evaluate VE against any HR HPV types (including HPV 18 but not HPV 16) much smaller
than the use of CIN2/3. In addition, persistent infection seems to be, if anything, a more
conservative VE end-point than CIN2/3+.

The majority of persistent infections with HR HPVs other than HPV 16 or 18 do not evolve
into CIN2/3+. If VE of any new vaccine against persistent infection is low, it may be argued
that those infections that are not prevented may be the ones that progress to CIN2/3+ (see
Chapter 2). In addition, the probability of progression is associated with infection duration.
Six-month persistent infections in women who are HPV-negative at baseline will be
associated with a lower risk of progression than what has been reported in the literature,
which mainly includes data on persistent infections of unknown duration.

HPV testing can be more objective and reproducible than cytology or histology, but the
choice of persistent infection as vaccine trial end-point will oblige trials to put in place strict
quality standards for testing methods (see the work of WHO HPV LabNet [27]). That
especially applies to other HR HPVs, for which the accuracy of some available HPV testing
methods can be lower than the accuracy for HPV 16/18, especially in the presence of
multiple infections. For instance, the proficiency study by Eklund et al. [27] reported lower
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sensitivity for HPV 52, 56, and 59 compared with HPV 16 and 18 and a certain frequency of
false positives.

To improve the feasibility and efficiency of trials of new HPV vaccines, we may also wish to
reconsider other aspects of trial protocols, notably the length of the interval between visits.
The shorter the interval, the more accurate will be the estimates of persistence duration [14].
Very labour-intense follow-up may, however, threaten the feasibility of HPV vaccine trials.
Eventually, the evaluation of very broad-spectrum vaccines may overcome the need for
genotyping and allow us, therefore, to rely on simpler and more robust diagnostic kits, for
example Hybrid Capture 2 or PCR with generic primers. If differential bias in the evaluation
of the vaccine arm and control arm can be excluded, a trade-off between large trial size and
the strictness of protocol requirements may be envisaged.

Finally, it is worth bearing in mind that, as a global indicator, the number of persistent
infections with other HR HPVs avoided by any vaccine will exaggerate the number of
CIN2/3+ avoided to a much greater extent for HPV 16/18 (Table 4.2). VE very close to 100%
may, therefore, correspond to the prevention of relatively few severe lesions and much fewer
cervical cancers than VE against HPV 16/18. Because of their substantial contribution to
HPV infections and cytological/histological abnormalities, the prevention of other HR HPVs
will be very useful and, possibly, cost-effective in settings in which cervical screening is in
place, even if new multivalent vaccines will be more expensive. However, VE against HPV
16/18 infection will continue to be of paramount importance in the prevention of cervical
cancer and, to an even greater extent, cancers in other sites.
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Table 4.2. Prevalence rate® of HPV 16 and other high-risk HPV types (X) as a percentage of HPV-positive women, in CIN2 and CIN3"

HPV Normal ASCuUs LSIL HSIL CIN1 CIN2 CIN3 IcC CIN2  CIN3
type
HPV HPV
% 2SD % 2SD % 2SD % 2SD % 2SD % 2SD %  2SD % 2SD  jgwe  1pxe
HPV16 204 36 229 29 251 28 475 55 276 43 398 50 582 41 626 @ 22 Ref. Ref.
HPV 18 84 11 90 16 87 13 96 16 90 17 10 10 7.4 12 157 29 4.0 7.9
HPV45' 48 09 58 13 43 09 45 13 42 13 5 17 36 1.0 5.3 0.7 8.0 16.2
HPV33' 47 08 59 14 61 12 84 12 61 20 83 13 91 1.2 4.5 0.8 4.8 6.4
HPv58' 63 10 78 19 71 11 79 17 96 25 121 43 90 2.7 4.4 2.2 3.3 6.5
HPV 31 8 20 94 13 95 14 11 16 113 39 116 27 117 15 4.0 0.4 3.4 5.0
HPV 52 8 19 101 22 81 20 96 20 138 36 164 52 102 30 35 0.9 2.4 5.7
HPV 35 34 07 56 14 47 12 56 16 41 14 49 21 36 11 17 0.3 8.1 16.2
HPV 39 52 11 77 14 68 18 42 11 68 22 54 16 33 1.4 1.4 0.3 7.4 17.6
HPV 59 32 07 58 15 53 19 29 13 51 18 47 16 23 1.0 1.3 0.3 8.5 25.3
HPV 51 74 17 88 18 118 22 67 16 108 25 97 20 55 16 11 0.3 4.1 10.6
HPV 56 520 17 64 13 86 21 34 09 77 15 43 10 25 0.9 0.9 0.2 9.3 23.3
HPV 68 31 14 34 09 27 10 20 08 33 16 29 1.0 20 0.8 0.6 0.1 13.7 29.1

ASCUS, atypical squamous cells of undetermined significance; CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus; HSIL, high-grade squamous

intraepithelial lesion; ICC, invasive cervical cancer; LSIL, low-grade squamous intraepithelial lesion; Ref., referent group; SD, standard deviation.
% In HPV-positive women, type-specific prevalence includes that contributed by multiple infections.
® In order of decreasing prevalence in invasive cervical cancer (ICC).

¢ Ratio of prevalence of HPV 16 to prevalence of other high-risk HPV types (X).

4 The sum of the high-risk HPV types included in the nonavalent vaccine (HPV 45, 33, 58, 31, 52) is 53.4% in CIN2 and 43.6% in CIN3, but this is a severe

overestimate on account of a large number of multiple infections, including, in many instances, HPV 16/18.

Source: Modified from Guan et al. [4]. This material is adapted with permission of John Wiley & Sons, Inc.
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Table 4.3. Effect of selection of end-point on vaccine efficacy against (i) HPV 31/33/45, (ii) other non-HPV 16/18 carcinogenic HPV types, and (iii)
all carcinogenic HPV types, in an according-to-protocol (ATP) analytic cohort®

End-point HPV 31/33/45 Other non-HPV 16/18 carcinogenic Any carcinogenic HPV types
HPV typesb
No. of No. of VE No. of No. of VE No. of No. of VE
women, V:C events, (95% cl) women, V:C events, V:C (9595 c[) Women,V:C  events, V:C (959, CJ)
V:C
CIN2+ 2642:2695 2:9 77.3% 2643:2697 9:25 63.3% 2643:2697 11:33 66.0%
(4.8% to (22.9% to (34.0% to
96.7%) 83.7%) 83.5%)
12-month 2642:2695 38:82 52.7% 2643:2697 230:209 -12.3% 2643:2697 268:334 18.1%
persistence (30.9% to (-35.5% (3.9% to
68.1%) to 6.9%) 30.3%)
6-month 2642:2695 44:125 64.1% 2643:2697 353:345 —4.4% 2643:2697 390:510 22.0%
persistence (49.7% to (-21.1% (11.0% to
74.8%) to 10.0%) 31.6%)
One-time 2642:2695 140:385 62.9% 2643:2697 985:1019 1.4% 2643:2697 1055:1238 13.0%
detection (55.1% to (=7.7% to (5.6% to
69.5%) 9.6%) 19.9%)

Cl, confidence interval; CIN2+, cervical intraepithelial neoplasia of grade 2 or worse; HPV, human papillomavirus; V:C, vaccine:control; VE, vaccine efficacy.

% The according-to-protocol (ATP) cohort for efficacy analyses was defined as all subjects who received three doses within the protocol-defined windows, whose
timing between doses was respected (21-90 days between doses 1 and 2; 90-210 days between doses 2 and 3), who were HPV DNA-negative (by PCR) at
months 0 and 6 for the corresponding HPV type considered in the analysis, who did not have a biopsy or treatment (loop electrosurgical excisional procedure
[LEEP]) during the vaccination phase, for whom there was no investigational new drug safety report during the vaccination period, and who otherwise complied
with the protocol during the vaccination period.

® Includes HPV types 35, 39, 51, 52, 56, 58, 59, and 68/73.

Source: Allan Hildesheim, personal communication.
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Chapter 5. Evaluation of durability of protection of HPV prophylactic
vaccines

John Schiller and Joakim Dillner

5.1 Introduction

Durability of protection is a key question for evaluating the usefulness of a vaccine. This is
certainly true for human papillomavirus (HPV) prophylactic vaccines that are recommended for
administration to early adolescents, some time before the major force of HPV infections.
However, duration of protection has generally not been a key issue for initial licensure of
vaccines by regulatory agencies such as the United States Food and Drug Administration (FDA)
and the European Medicines Agency (EMA) [1, 2]. Pivotal trials for licensure were designed to
have the power to show efficacy, with reasonably narrow confidence intervals, over the entire
course of the trial. They were not designed to have the power to compare efficacy over shorter
intervals within the formal trial, or thereafter. With the possibility of concomitant administration of
HPV vaccine and other licensed childhood vaccines [3] and the emergence of second-
generation vaccines [4], the initial focus on evaluating efficacy and safety for a new vaccine is
likely to be expanded to also consider issues of durability of protection when comparing
vaccines.

5.2 Durability of protection

Trials designed to study protection over longer periods of time or to compare shorter intervals
within an efficacy trial (e.g. comparing the first and last year of the trial) would obviously need to
be more extensive than trials designed to demonstrate significant efficacy over the entire course
of a trial of relatively short duration. The expense of such trials might be prohibitive, depending
on the end-point that is chosen to evaluate efficacy. The net effect could be the abandonment
of, or at least a delay in the introduction of, potentially more effective or less expensive vaccine
candidates or vaccination protocols, to the detriment of public health [4]. Conversely, licensure
of a vaccine that ultimately proves to have only a short duration of protection might lead to many
vaccinees losing protective immunity over time and consequently requiring periodic booster
doses or new vaccination with a vaccine that confers long-term protection. There is good
evidence that the current virus-like particle (VLP) vaccines induce memory B cells that can
generate potent anamnestic antibody responses to a booster dose [5, 6]. However, a
requirement for booster doses after the initial immunization series to maintain protection would
substantially increase the cost and complexity of a vaccination programme.

The phase Il efficacy trials that led to licensure of Gardasil and Cervarix for prevention of
cervical cancer and other genital neoplasia in young women were 4 years in duration [7].
However, both vaccines were licensed based on interim analyses of shorter duration, with the
proviso that the trials would be completed. In up to 4 years of additional follow-up of the trial
subjects, no increase in breakthrough infections [8, 9] or incident cervical precancers [10] by the
vaccine-targeted types has been detected. Formal analyses to determine the degree of
protection for specific time intervals during follow-up have in some instances been hampered by
insufficient power and crossover vaccination of subjects who initially received placebo control.
However, in the Nordic countries, population-based, concomitant enrolment of vaccinated (with
HPV vaccine or control vaccine) and unvaccinated cohorts in 2002-2005 has resulted in
passive cancer registry-based follow-up of the sizable phase Il trial cohorts [10]. The pivotal

56



phase Il trial in young men that led to FDA licensure of Gardasil for prevention of external
genital lesions, anal intraepithelial neoplasia, and anal cancer was 3 years in duration [11, 12].

Both Gardasil and Cervarix have demonstrated significant cross-protection against HPV types
not included in the vaccines. However, as the protections seen have only been partial and as
the cross-neutralizing antibody levels induced have been much lower (typically more than an
order of magnitude less than the antibody levels induced against the HPV vaccine types) [13],
the issue of duration of protection is particularly relevant when comparing the cross-protective
ability of different vaccines. The extent and duration of cross-protection does affect the cost-
effectiveness estimations of programmes. Because of the lower antibody levels and incomplete
degrees of protection seen in cross-protection analyses, cross-protection may be particularly
interesting to analyse as an early surrogate end-point of duration of protection.

Although no immune surrogate marker of protection has been defined in clinical trials, the
results of animal studies, particularly passive transfer of protection in VLP immune sera, make it
very likely that protection after Gardasil or Cervarix vaccination is antibody-mediated [6]. A
biphasic decrease in antibody titres is well documented for both vaccines, using several
different in vitro assays, including those that assess VLP binding and pseudovirus
neutralization. There is a relatively rapid, approximately 10-fold, decrease in antibody levels
over the first 2 years, followed by a plateauing of the levels. Thereafter, the antibody levels have
essentially remained unchanged, or decreased very slowly, in most vaccinees [14]. Constant
antibody levels once a plateau phase is reached have been observed for almost 10 years since
vaccination [9]. Antibody levels that plateau in response to other vaccines (mostly live
attenuated viral) or natural virus infections are often maintained for decades, or even lifelong
[15]. Based on these data and our current understanding of the biology of antibody-producing
plasma cells, it is reasonable to anticipate that antibody levels after the primary vaccination
series with Gardasil or Cervarix will continue to be durable. Thus, the immunogenicity analyses,
coupled with the low number of breakthrough infections and disease in the trial subjects that
continue to be followed, have led to an optimistic projection for the durability of protection by the
current licensed vaccines. Linkages between cancer and maternity cohort registries may soon
yielding confirmatory data from women vaccinated as HPV-naive adolescents [16].

It is unclear whether durable antibody responses and protection will be induced by other vaccine
candidates, or with the current vaccines in other (especially immunosuppressed) populations or
using alternative vaccination protocols. Stabilization of antibody levels is not routinely observed
in immunocompetent humans after vaccination with simple subunit vaccines such as tetanus or
diphtheria toxoids, and booster doses are frequently necessary [17]. The multivalent
engagement of B-cell receptors by the repetitive epitopes on the VLPs of the current vaccine
are thought to send especially strong signals to the interacting B cell that promotes the long-
term survival of the resulting plasma cells [18]. It is possible that antibody levels will not stabilize
after vaccination with HPV vaccine candidates that are not based on VLPs, such as L1
capsomeres or L2 fusion protein vaccines, which in turn might result in vaccines with shorter
durations of efficacy.

5.3 Central questions

Given this background, we believe that the following are the central questions regarding
licensure of future prophylactic HPV vaccine candidates from a perspective of durability of
protection: (i) Is duration of protection a more critical issue for licensure of HPV vaccines than
for other microbial vaccines where it hasn’t been a primary consideration? (ii) Are post-licensure
studies of long-term protection warranted to inform regulatory and/or public health decision-
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makers? (iii) Is it feasible, or practical, to conduct trials that would reasonably assess duration of
protection?

5.3.1 Is duration of protection a more critical issue for licensure of HPV vaccines than for
other microbial vaccines where it hasn’t been a primary consideration?

HPV prophylactic vaccines are not unique in terms of the importance of durability of protection.
Other vaccine-preventable diseases, such as measles, mumps, polio, tetanus, and diphtheria,
are concerns throughout life, and the vaccines to prevent them are routinely administered in
childhood immunization programmes. Therefore, they also need to provide long-term protection,
either from the initial immunization series or via booster doses. The duration of protection for
these vaccines was determined long after they were licensed. Similarly, for more recently
introduced vaccines (e.g. the meningococcal, rotavirus, and current HPV vaccines), the data
that supported initial licensure did not include end-points on long-term protection; the duration of
protection remains to be determined. Second-generation HPV vaccines should be held to
similar regulatory standards.

Pivotal trials with virological or immunological primary end-points could potentially be of short
duration, perhaps as short as 1-2 years. It should be noted that trials using placebo controls
may no longer be considered ethical and so trials of second-generation vaccines will likely be
using a trial design based on non-inferiority to an already licensed vaccine. It is reasonable to
consider requiring that non-inferior protection and immunogenicity be demonstrated in a trial of
at least a minimum duration, for example 4 years, to conform to the phase Il trials of the
licensed vaccines. However, such long trials might tax the resources of manufacturers,
particularly those in developing countries, and could delay the implementation of potentially
valuable vaccine programmes.

5.3.2 Are post-licensure studies of long-term protection warranted to inform regulatory
and/or public health decision-makers?

From a public health perspective, it would be highly desirable to evaluate duration of protection
of both novel and currently used vaccines or vaccination protocols for longer periods in post-
licensure studies. Such studies would provide important information to public health decision-
makers on programme cost-effectiveness and programme design, for example on whether to
adopt new strategies or continue to use the current vaccines and protocols. However, it is
important to consider that long-term protection from infection and disease will reflect both the
individual's immune status and “herd immunity” in the population. Herd effects can substantially
reduce risk of infection in individuals whose own immunity has waned below protective levels (or
who remain unvaccinated). Thus, long-term effectiveness in a vaccination programme with high
coverage rates might substantially exceed the duration of efficacy in a clinical trial. A vaccine
that facilitates high coverage might, in some circumstances, be attractive even if it has a shorter,
or uncertain, duration of protection.

Nevertheless, companies should be encouraged to develop plans for long-term follow-up in their
phase Ill study designs. Ideally, this would be accomplished in collaboration with regulatory
authorities to establish pre-specified end-points that would support updates to the product’s
label to describe the data. A particularly important consideration is the plan to follow subjects
who participate in the initial pivotal studies. For example, being able to recruit adequate
numbers of such subjects would facilitate the conduct of a follow-up study in which subjects are
re-randomized to booster or control. In addition, independent phase IV studies of long-term
effectiveness should be considered/encouraged. However, the interpretation of all such trials
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might be complicated by herd immunity if there is substantial uptake of the current vaccines in
the study population.

5.3.3 Is it feasible, or practical, to conduct trials that would reasonably assess duration of
protection?

It might be feasible to assess durability of protection in a controlled clinical trial, at least over a
limited number of years. However, the practicality of assessing this question will depend on
many factors, particularly efficacy end-point and basic trial design. Assessing protection from
incident cervical infection by the vaccine-targeted types in aggregate over the last year of a 4-
year trial would be much more feasible than assessing protection against cervical intraepithelial
neoplasia of grade 2 or higher (CIN2+) against individual types over this time period, because
there would be many more events. When appropriate end-points are considered, the fact that
demonstrating non-inferiority to a licensed vaccine in the later years of a trial would require
more subjects than demonstrating significant efficacy in a placebo-controlled trial over the same
time period should be taken into account.

5.4 Conclusions

Although the pivotal trials of both currently licensed vaccines have reported on both virological
and immunogenicity end-points, the end-points used for licensure have so far been clinical end-
points [7]. The trial databases clearly demonstrate that protection against HPV infection is
strongly correlated with subsequent protection against disease caused by HPV. Use of infection
as an end-point for trials has several advantages for assessing duration of vaccine efficacy,
including a smaller number of subjects and no ambiguity when attributing a case of disease to a
specific infection. However, a major obstacle for the use of both virological and immunogenicity
end-points is the fact that international criteria for evaluating performance of virological and
immunogenicity assays are not fully established. WHO initiated work towards establishing such
international criteria in 2006. Currently, there is a WHO HPV laboratory manual that describes
the required quality assurance. There also exist International Standards (IS) and International
Units (IU) for HPV 16 and 18 DNA and for HPV 16 antibodies. Candidate standards for HPV 31,
33, 35, 52, 56, and 58 DNA and for HPV 18 antibodies, as well as regularly issued international
proficiency panels for HPV DNA genotyping, are also available [19]. However, the work towards
a set of internationally recognized standards that would allow the routine use of virological and
immunogenicity end-points in the development of second-generation vaccines, as well as for
evaluating new administration schemes and programme strategies, has unfortunately not been
completed.

The analysis of antibody responses might be used to help predict the duration of efficacy of
VLP-based vaccines. Since antibody levels stabilize in the 18-24-month range after VLP
vaccination, it should be possible to determine whether alternative vaccine candidates induce
similar responses in trials of 3—4 years’ duration, provided that sera are sampled at sufficient
frequency, for example every 6 months. If efficacy for a virological or disease end-point was
demonstrated in years 3—4, and antibody titres had stabilized, then there would be a strong
likelihood that protection would persist.

It would be difficult to predict the likelihood of long-term protection if antibody levels continued to
decline over time, since the minimum level of serum antibodies needed for protection is
unknown and, at least for L1 antibodies, the protective level may be less than can be
reproducibly measured with current in vitro assays [20]. A complicating factor is that it is
uncertain whether an anamnestic antibody response induced by exposure to the virus can
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provide protection from clinical disease [14]. It therefore remains possible, although in our

op

inion unlikely, that the presence of vaccine-specific memory B cells will provide a better

measure of long-term protection than circulating antibody levels. The quantitative relationship

be
un

tween L2 vaccine-induced antibodies and protection from clinical disease or infection is not
derstood and so, at present, L2 antibody levels cannot be used to predict duration of

protection.
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Chapter 6. HPV VLP vaccines — alternative dosage schedules and
Immunization in immunosuppressed subjects

Margaret Stanley and Cosette Wheeler

6.1 HPV vaccines

Human papillomavirus (HPV) vaccines are subunit vaccines consisting of virus-like particles
(VLPs) made of only one protein — the major HPV coat or capsid protein L1. HPV VLPs are
made using sophisticated recombinant technology in which the L1 gene is expressed in
recombinant yeast or baculovirus vectors. The chemistry of the expressed protein is such that it
spontaneously assembles into VLPs that are morphologically and, more importantly,
immunologically similar to the native virus but lack DNA and are therefore non-infectious.

Two prophylactic HPV VLP vaccines have been developed: Cervarix, a bivalent HPV 16/18
(bHPV) product from GlaxoSmithKline, and Gardasil (also known as Silgard), a quadrivalent
HPV 6/11/16/18 (gHPV) product from Merck. Both vaccines have undergone large phase Il
double-blind placebo-controlled randomized trials that have demonstrated remarkable efficacy
in individuals naive for the HPV types in the relevant vaccines at trial entry and after completion
of the three-dose immunization regimen [1-5]. Follow-up studies of gHPV-vaccinated cohorts in
the Nordic countries are still in progress and have extended so far for up to 7 years with no
breakthrough cases of cervical intraepithelial neoplasia of grade 2 or 3 (CIN2/3) caused by
vaccine HPV types [6].

6.2 HPV vaccination programmes

HPV vaccination programmes have now been introduced in many countries. These
programmes target adolescent girls aged 9-15 years, with or without catch-up for older
adolescents and young women. Genital HPV is a sexually transmitted infection with peak
incidence occurring just after the onset of sexual activity [7]. To achieve optimal vaccine
effectiveness, immunization ideally should be completed before the start of sexual activity, and
therefore the target group for immunization is perimenarchal girls. In view of the overwhelming
data on efficacy from the randomized controlled trials and the emerging data on population
effectiveness, the debates about the current vaccines are no longer about efficacy but rather
about implementation, access, and affordability.

6.3 Alternative dosing schedules: modified three-dose schedules

Flexibility in the dosing schedules could be important for national vaccination policies. The
current schedules of 0, 1 or 2, and 6 months are, in immunological terms, prime-prime-boost
schedules. Such schedules in which the immune system is challenged with optimal antigen
dose at two time intervals close together — priming — and then again with a third dose after an
extended time interval — boosting — are designed to generate optimal immune responses in
terms of both antibody concentration and long-term immune memory. Rigid adherence to these
schedules may be impractical in certain locations, and modifications of the schedules have been
assessed for immunogenicity and reactogenicity in several studies. An open-label cluster
randomized non-inferiority study conducted between October 2007 and January 2010 assessed
four schedules of the gHPV vaccine Gardasil in girls aged 11-13 years in Viet Nam [8, 9].
Vaccines were delivered to 903 girls via schools using either the standard schedule of 0, 2, and
6 months or an alternative schedule of 0, 3, and 9 months, 0, 6, and 12 months, or 0, 12, and
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24 months. Serum neutralizing type-specific HPV antibody titres were measured with the
competitive Luminex immunoassay (cLIA) at 1 month and 2 years after the third and final
vaccine dose. The outcome measure was non-inferiority of the alternative regimens against the
standard schedule if the lower bound of the multiplicity-adjusted confidence interval of the type-
specific geometric mean titre (GMT) ratio for HPV 16 and 18 was > 0.5. At 1 month after dose 3,
the non-inferiority criterion was met for the schedules of 0, 3, and 9 months and 0, 6, and
12 months but not for the schedule of 0, 12, and 24 months. However, when GMTs were
measured at 2 years after dose 3, all three alternative schedules met the non-inferiority criterion.
Interestingly, the data gathered indicated that two doses of HPV vaccine delivered at 0 and
12 months might afford similar protection to three doses delivered at 0, 6, and 12 months.

Non-inferiority of the immune response to the gHPV vaccine administered as a modified
regimen of 0, 2, and 12 months was assessed in 200 college women in the USA aged 18-
23 years [10]. Type-specific neutralizing antibody was measured using the cLIA at 2—6 weeks
after dose 3. GMTs achieved in the modified schedule were non-inferior to those in the standard
schedule of 0, 2, and 6 months. In another study, 200 female sex workers in Peru were
randomized to receive the gqHPV vaccine in the standard regimen of 0, 2, and 6 months and a
modified regimen of 0, 3, and 6 months [11]. GMTs measured by cLIA 1 month after dose 3
were non-inferior in the alternative schedule. As might be expected in this cohort, baseline
seropositive rates were high and GMTs after vaccination for both schedules were higher in the
baseline seropositive subjects than in the seronegative subjects.

Immunogenicity and safety of the bHPV vaccine Cervarix when administered at 0, 1, and
12 months compared with 0, 1, and 6 months in women aged 15-25 years were evaluated in a
multicentre randomized study in Europe [12]. GMTs measured by enzyme-linked
immunosorbent assay (ELISA) 1 month after dose 3 were non-inferior in the modified schedule
compared with the standard schedule. Data from all reported studies show that the
immunization schedule for these vaccines is flexible and that extending the interval between the
second and third doses does not adversely affect the antibody response in women.

6.4 Alternative dosing schedules: reduction from three to two doses

In the context of access and affordability, discussion of alternative dosing schedules in the
young adolescent cohort, from the licensed prime-prime-boost schedules of three doses over
6 months to a prime-boost schedule of two doses over 6 months, is now a key issue. It is
argued that there is a compelling public health case for considering alternatives to the three-
dose regimen. The vast burden of HPV-associated malignant and indeed benign disease is in
developing countries without effective screening programmes and with poor access to medical
services [13]. There is the view that there are significant logistical challenges in administering
three doses over 6 months to young adolescents and young women since in most countries
there is no infrastructure for vaccination of adolescents. Even in developed countries, with
notable exceptions where school programmes have been implemented [14], immunization
programmes do not successfully deliver the full three-dose regimen, and vaccination coverage
varies hugely [15].

VLP vaccines, even at discounted cost, are beyond the health budget for a large number of
developing countries that are not eligible for support from the GAVI Alliance. A case could be
made that with a two-dose regimen, implementation of HPV vaccination in such countries would
be programmatically easier and faster, would achieve higher coverage, and would be a more
effective use of the available resources. The reduction in costs achieved by implementing a two-
dose schedule in terms of administration and vaccine price make this a hugely attractive option
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to public health authorities, but the key question concerns the robustness of the evidence base
for a change from the licensed schedule.

6.5 Vaccine immunogenicity: licensed three-dose regimens

At present, the assumption is that the major basis for the protection afforded by the VLP
vaccines is neutralizing antibody, although other mechanisms cannot be ruled out [16]. This
assumption is supported by animal models that demonstrate protection against viral challenge
in animals immunized by passive transfer of antibody from VLP-immunized individuals [17-19].
The licensed administration schedules for the two vaccines include three doses delivered by
intramuscular injection at 0, 2, and 6 months for the gHPV vaccine and at 0, 1, and 6 months for
the bHPV vaccine. In the pivotal randomized controlled trials FUTURE | and Il for the gHPV
vaccine [20] and PATRICIA for the bHPV vaccine [21], virtually all subjects (women aged 15—
26 years) seroconverted. This is in contrast to natural infection, in which seroconversion can be
shown in only 50-70% of women with an incident HPV infection [22]. GMTs of HPV type-
specific antibody at 1 month after the third vaccine dose (month 7) were 2—4 logs greater than
those measured in natural infection. Furthermore, after 18 months GMTs remain 10-fold higher
than those recorded with natural infection, and these levels appear to be preserved over time
[23, 24].

Non-inferiority immunogenicity bridging studies have been conducted for both vaccines. For the
gHPV vaccine, these studies were conducted in boys and girls aged 9-15 years with the
objective of bridging the efficacy findings in young women to pre-adolescents and adolescents.
GMTs of HPV-specific antibody were non-inferior in adolescents and 1.7-2.7-fold higher than in
the efficacy group of women aged 16-23 years [25]. Preliminary data from the adolescent
extension study of these cohorts (P018) at 6 years shows no breakthrough cases of infection or
disease related to vaccine HPV types 6/11/16/18 in the per-protocol population of girls (Alfred
Saah, personal communication). There were no breakthrough cases of infection related to HPV
types 6/11/16/18 reported in boys. Disease end-points are not yet available in boys at this
interim analysis. In an immunobridging study, the bHPV vaccine induced GMTs in girls aged
10-14 years that were 2.1-2.5-fold higher than those induced in women aged 15-25 years [26].

The robust antibody response after HPV VLP immunization is attributed to the route of
immunization. Natural HPV infections are exclusively intraepithelial. There is no viraemia as far
as is known. Virus is shed sporadically from mucosal surfaces. In consequence, virus particles
and capsid protein have limited access to lymphoid organs (draining lymph nodes and spleen)
and systemic antibody and cellular immune responses are weak. In contrast, VLPs are
delivered intramuscularly, allowing rapid access of antigen to vascular channels and lymphatics
and thus to lymph nodes and spleen. To date, there is no immune correlate for vaccine-induced
protection against infection or disease [15]. The minimal level of antibody needed for such
protection, the long-term durability of neutralizing antibody, and the role of B-cell memory if
antibody wanes have yet to be established in vaccinated subjects.

6.6 Randomized controlled trials of alternative dosage schedules

The robust immunogenicity of VLP vaccines and the higher responses in young adolescents,
together with potential cost savings, have evoked intense interest in testing the notion that
alternative dosing regimens could be efficacious in young adolescents.
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6.6.1 Bivalent vaccine

Immunogenicity and safety of the bHPV vaccine administered as a two-dose schedule
compared with the licensed three-dose schedule has been assessed in a partially blind
controlled randomized trial (NCT00541970) sponsored by the manufacturer. In this study, in
addition to the licensed formulation of 20 ug of each antigen (20/20F), an alternative formulation
of 40 ug of each antigen (40/40F) was delivered. The subjects were 961 healthy young women
stratified by age (9-14, 15-19, or 20-25 years) and randomized to receive two doses of the
licensed vaccine 20/20F at 0 and 6 months, two doses of the alternative formulation 40/40F at O
and 6 months, two doses of the alternative formulation 40/40F at O and 2 months, or three
doses of the licensed vaccine 20/20F at 0, 1, and 6 months.

The study objectives were to evaluate immunogenicity and reactogenicity of each two-dose
schedule compared with the three-dose regimen. The three-dose regimen would be considered
to be superior to a two-dose schedule if the lower bound of the 95% confidence interval around
the GMT ratio was < 0.5. For both HPV 16 and 18, at months 7, 24, and 48 the two-dose
schedule in girls aged 9-14 years was non-inferior to the three-dose schedule in women aged
15-25 years in whom efficacy had been demonstrated [27].

Immunogenicity and safety of the bHPV vaccine when administered according to alternative
two-dose schedules (0 and 6 months and 0 and 12 months) in healthy girls aged 9-14 years
compared with the standard three-dose schedule (0, 1, and 6 months) in women aged 15—
25 years is being assessed in a current trial (NCT01381575).

6.6.2 Quadrivalent vaccine

At present, there are two randomized -controlled trials assessing immunogenicity or
immunogenicity and effectiveness of two doses compared with three doses of the gHPV vaccine
in adolescent cohorts. The manufacturer has donated vaccine to and/or performs antibody
testing for these trials but is not a sponsor.

6.6.2.1 British Columbia GOVO01 trial

This two-dose versus three-dose vaccine study was a phase Ill post-licensure randomized
controlled multicentre study (NCT00501137) in three Canadian provinces — British Columbia,
Quebec, and Nova Scotia — with three parallel groups in two age strata receiving open-label
gHPV vaccine: girls aged 9-13 years receiving two doses of vaccine, at 0 and 6 months; girls
aged 9-13 years receiving three doses of vaccine, at 0, 2, and 6 months; and women aged 16—
26 years receiving three doses of vaccine, at 0, 2, and 6 months.

The study objectives were to determine whether the antibody responses to HPV 16 and 18 were
non-inferior at month 7 after a two-dose regimen compared with a three-dose regimen. Primary
end-points of the study were differences in GMT of antibodies to HPV 16 and 18 at month 7
between the three arms. Non-inferiority was declared if the lower bounds of the adjusted 95%
confidence interval of GMT ratios for HPV 16 and 18 were > 0.5. Secondary outcomes were
GMTs for HPV 6 and 11 at 7 months, seroconversion rates, and specific B-cell and T-cell
memory responses at 0 and 7 months. Two sero-assays were used to measure neutralizing
antibody concentration. These were a pseudovirionl neutralizing assay that measures all
neutralizing antibodies for each vaccine HPV VLP [28] and a proprietary cLIA (Merck cLIA) that
measures a single type-specific neutralizing epitope for each of the vaccine HPV types [29].
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Non-inferiority as assessed only at month 7 may not be informative when long-term duration of
protection is the crucial issue, and this study was extended. At 7, 18, and 24 months after a two-
dose regimen in girls aged 9-13 years, HPV 16, 18, 6, and 11 antibody responses using Merck
cLIA were non-inferior compared with the three-dose regimens in young adult women and girls
aged 9-13 years. There was 100% seroconversion in all groups at month 7. At 36 months, HPV
16, 18, 6, and 11 antibody responses using Merck cLIA in both two-dose and three-dose
regimens in girls aged 9-13 years remained non-inferior to the three-dose regimen in young
adult women. In girls aged 9-13 years, the two-dose regimen compared with the three-dose
regimen was non-inferior for HPV 16 and 11, but for HPV 6 or 18 the lower bounds of the 95%
confidence interval were < 0.5 [30].

6.6.2.2 WHO/IARC multicentre randomized trial of two versus three doses of the quadrivalent
vaccine in India

A multicentre cluster-randomized trial to evaluate comparative efficacy of two versus three
doses of HPV vaccine in preventing persistent HPV infection in cervical neoplasia was initiated
in India in September 2009 (principal investigator, Rengaswamy Sankaranarayanan;
http://screening.iarc.fr/hpvvaccine.php), supported by WHO/IARC and the Bill & Melinda Gates
Foundation. This trial aimed to recruit 20 000 unmarried girls aged 10-18 years from different
regions in India, randomized to groups of 10 000 girls each to receive either two doses of qHPV
vaccine, at 0 and 6 months, or three doses, at 0, 2, and 6 months. All girls were to be followed
up during the 5 years of the project to document outcomes with follow-up visits at months 12,
24, 36, and 48. Blood was to be collected from all girls at month 7 and from a cohort of 15% of
girls at months 12, 24, 36, and 48 to evaluate seroconversion and HPV 16 and 18 antibody titre.
Cervical cells were to be collected for HPV testing and typing from the participants 6 months
after delivery of the first child or after 18 months of marriage and once annually thereafter.

Regrettably, progress in this trial has been impeded after vaccination in all clinical trials of HPV
vaccination in India was suspended on 8 April 2010 by the Director-General of the Indian
Council of Medical Research. The trials were suspended while the Indian authorities
investigated reports of deaths of girls participating in a separate trial sponsored by the
nongovernmental organization PATH. After consideration, these deaths were determined to be
coincidental to, and not caused by, vaccination. Despite no causal link being identified, the
authorities remained cautious. A large proportion of the subjects in the WHO/IARC trial had
already been enrolled and vaccinated with at least one dose when the trial was halted.
Vaccination courses in many subjects could not be completed, and vaccination schedules were
disrupted, with second or third doses given outside the 2-month or 6-month window in the
different schedules.

However, vaccinated subjects are being followed up and serological data from this trial have
been presented at medical meetings (Rengaswamy Sankaranarayanan, personal
communication). In those subjects who completed vaccination per protocol, immunogenicity of
two doses was non-inferior to the three-dose schedule at month 7 and month 18 after the first
dose. The immunogenicity of the three-dose (days 1, 60, and 180-800), two-dose (days 1 and
180), and two-dose (days 1 and 180-800) schedules were non-inferior to the per-protocol three-
dose schedule (days 1, 60, and 180). Immunogenicity of a single dose (girls who missed further
doses) was inferior to that of two doses at days 1 and 60 (girls who missed the third dose at day
180) at 12 months and 18 months after the first dose. In the per-protocol groups (two-dose and
three-dose), immunogenicity of girls aged 10-14 years was non-inferior to that of those aged
15-18 years.
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6.7 Efficacy of two-dose versus three-dose schedules

At present, there are no data on vaccine effectiveness either for infection or disease in the
adolescent two-dose and three-dose cohorts in any of the trials for either the qHPV or bHPV
vaccine. These cohorts are being prospectively followed. The only evaluation of efficacy for
fewer than three doses has been reported in adult women for the Costa Rica Vaccine Trial
using the bHPV vaccine [31]. In this trial, women (aged 18-25 years) were randomly assigned
to receive three doses of vaccine at 0, 1, and 6 months, but 20% received fewer than three
doses. Analysis of the clinical efficacy data at 48 months provides suggestive evidence that two
doses or even one dose is efficacious in the prevention of incident HPV 16 and 18 infections
that persist for 12 months or more. Unexpectedly, protection against infection was 100% with
one dose (n =196 HPV vaccine vs n = 188 control vaccine), 84% with two doses (n = 422 HPV
vs n = 380 control), and 81% with three doses (n = 2957 HPV vs n = 3010 control). These data
are intriguing, but the study was not designed to analyse clinical efficacy of schedules of fewer
than three doses, and those receiving fewer than three doses did so overwhelmingly because of
pregnancy and/or referral to colposcopy and thus represent a selected population. Interestingly,
in this study although cross-protection against HPV 31, 33, and 45 incident infection over 1 year
could be shown in the three-dose group, this was not observed in the two-dose group,
suggesting differences in the antibody species generated after two compared with three doses.
However, the numbers are small and the results of this study should not be overinterpreted.

6.8 Global experience: use of off-licence dosing schedules

An alternative, off-licence dosing regimen for HPV vaccines is now being implemented in
several countries for young adolescent age groups. Some examples are given here.

In Mexico, for girls aged 9 years, an extended three-dose schedule, at 0, 6, and 60 months, is
being used [15]. In Canada, the province of Quebec has an amended three-dose schedule for
schoolgirls: in grade 4, at age 9 years (doses 1 and 2), and in the third year of secondary
school, at age 14 years (dose 3) [32], and the province of British Columbia commenced with a
schedule of 0, 6, and 60 months for schoolgirls but recently switched to a schedule of 0 and
6 months.

In Switzerland, the Swiss Federal Vaccination Commission and the Swiss Federal Office of
Public Health recommend two doses at an interval of 4—-6 months for girls aged 11-14 years,
where the first dose is administered before the 15th birthday. A third dose could be used for a
subsequent booster if this should prove necessary. This decision was based on the
assumptions (i) that age, and not number of doses, is the main driver of immunoglobulin G
responses and plasma cell and memory B cell formation, and (ii) that two doses at an interval of
6 months would therefore provide similar protection to the licensed three-dose schedule [33].
However, no surveillance system has been implemented to date to identify recipients of two
doses or three doses, in case of breakthrough disease; there could be a perception of vaccine
failure, if the vaccine was not administered in accordance with the label. The vaccination
schedule remains unchanged (three doses) for young girls and women from age 15 years.

6.9 Unresolved issues

An important question is whether the duration of protection provided by two doses of vaccine is
equivalent to that provided by three doses in the adolescent cohorts. In adolescents who are
immunized at age 12 or 13 years, protection will have to be maintained for the following 2—4
decades. Duration of protection is a key issue for public health bodies since the cost-
effectiveness analyses [34] on which policy decisions have been based have used estimates of
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the duration of protection based on the randomized controlled trials and the long-term follow-up
studies currently in progress. At present, the duration of protection against disease (CIN2/3)
provided by the three-dose schedule of the bHPV vaccine is up to 8.4 years [35], by the qHPV
vaccine in women aged 16-23 years is up to 7 years [6], and by the HPV 16 L1 VLP of the
gHPV vaccine is up to 9.5 years [36]. However, there is no immune correlate — no antibody
concentration or any other measurable immune marker that correlates with protection against
clinical disease.

The current evidence is that very low serum antibody concentrations are protective [19, 37], but
the importance of antibody affinity and avidity in relation to this is not known. The classical
prime-prime-boost schedule with the extended interval of several months between prime and
boost is designed to generate high-affinity, high-avidity antibodies and a large memory B-cell
pool [38]. The importance of avidity to antibody-mediated protection to viruses has been
demonstrated in experimental systems [39], but there are limited data on avidity either in natural
HPV infections [40, 41] or after vaccination [41-43]. The available serological assays provide
only a partial characterization of the immune status in vaccinated individuals, and current
understanding of this response is superficial. The kinetics of the response [44] and specific
details — avidity, affinity, and epitope specificity, all of which are central to memory [45] — are
either poorly known or not known [16].

6.10 Memory B cells

Since immune memory is central to the long-term protection afforded by vaccines, it is feasible
that data on the circulating HPV-specific memory B cell (MBC) population after differing dosage
schedules could be informative. In an early study using the bHPV vaccine, Giannini and
colleagues [46] showed a significantly increased HPV 16 MBC population at month 7 after the
third dose of vaccine compared with that after the second dose. HPV 18-specific MBCs were
increased after the third dose, but this was not significant (P > 0.05). MBCs at month 7 and
month 24 have been measured in the comparative immunogenicity study of Einstein and
colleagues [47] and show comparable responses for HPV 16-specific MBCs for both vaccines
but higher levels of HPV 18-specific MBCs generated by the bHPV vaccine. In a study using an
unadjuvanted HPV 16 vaccine, antigen-specific MBCs measured at 7 months correlated with
antibody concentration, but avidity was unrelated to either [44].

B-cell and T-cell memory responses measured by modified enzyme-linked immunosorbent spot
(ELISPOT) assays at 0 and 7 months have been reported from the British Columbia GOVOL trial
[48]. These preliminary data show that a higher percentage of HPV-specific MBCs at month 7
compared with month 0 was observed for each HPV subtype in all vaccine groups, but this was
not statistically significant for HPV 18 in the group of girls aged 9-13 years receiving two doses.
Significantly higher B-cell memory responses were observed in girls aged 9-13 years receiving
three doses compared with the three-dose adult group. T-cell memory responses were dose-
related. Both adult and paediatric three-dose groups had similar T-cell memory responses to
each HPV type, but the group of girls aged 9-13 years receiving two doses had significantly
lower responses to HPV 6, 16, and 18.

The B-cell ELISPOT methodology used in these studies is the same (with minor variations) and
measures circulating B cells that have been activated and respond rapidly to the recall antigen
[44]. In mice and humans there are several subsets of these cells, defined by surface markers,
and their contribution to long-term memory remains to be defined [49]. Furthermore, there is
considerable heterogeneity in the lifespan of circulating MBCs, with only a subpopulation
destined to be long-lived [50]. The studies that have quantified HPV-specific MBCs after VLP
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vaccination do not give any information on the longevity of these cells, the key determinant for
long-term protection.

However, antibody “memory” is bipartite [51] and has two forms of MBCs circulating in the blood
(discussed above) and serological memory — antibodies circulating in the blood derived from
long-lived plasma cells residing in special niches in bone marrow and spleen [52]. Long-lived
plasma cells are selected for the ability to secrete high-affinity antibody, a process that takes
place in the germinal centre of lymph nodes as a result of somatic hypermutation and selection.
This affinity maturation extends over several months after priming, and avidity maturation (the
sum of the affinities of the vaccine-induced antibodies) is a measure of this process. There is
only rudimentary information about avidity maturation with any dosage schedule for HPV VLP
vaccine, with only the study of Dauner and colleagues [44] showing avidity maturation over time,
indicating selection for high-affinity clones.

The current understanding of the immune response engendered after HPV VLP immunization is
rudimentary. Antibody concentration is the only consistently measured immune parameter; the
serological assays differ between trials, they are relatively insensitive, and there is no immune
correlate of protection. The clinical development programme of the licensed HPV vaccines was
based on clinical efficacy data for a three-dose prime-prime-boost regimen. This has led to the
current indications for these vaccines approved by regulatory authorities around the world. The
evidence from the clinical trials for two-dose prime-boost schedules in adolescents aged 9-
13/14 years is restricted to immunogenicity but is consistent. In all studies, reported antibody
concentrations after two doses (0 and 6 months) in adolescents aged 9-14 years were non-
inferior to three doses (0, 1, and 6 months) in women aged 16—26 years, the group in which
efficacy has been demonstrated. At present, there is no evidence from the trials in adolescents
demonstrating clinical efficacy or duration of protection. There is no published evidence from
any randomized controlled trial in women aged 15-26 years that shows clinical efficacy against
disease for a two-dose schedule.

The adoption of an alternative to the licensed three-dose regimen in the absence of robust data
on efficacy and duration of protection is a risk, and the question then arises: How much and how
significant is the risk? If public health and regulatory authorities wish to adopt or recommend
alternatives to the licensed three-dose regimens, they will need to address this question, make
risk assessments based on the evidence, and devise risk management strategies for worst-case
scenarios to minimize any impact on cancer prevention strategies and other immunization
programmes.

6.11 Immunization schedules in immunosuppressed subjects

Small studies have been conducted in HIV-infected subjects to determine immunogenicity and
safety of the licensed HPV vaccines. HIV-infected children aged 7-12 years with CD4% = 15
and on stable antiretroviral therapy (ART) if the CD4% was < 25 were randomized to receive
placebo or the qHPV vaccine at 0, 2, and 6 months [53]. Antibodies were assayed by cLIA, and
seroconversion to all four antigens occurred in > 96% of recipients with GMTs 27-262 times the
cut-off levels. After a further 72 weeks, a subset of children were given a fourth dose of vaccine
[54]. At the time of the fourth dose, type-specific antibodies to HPV 6, 11, and 16 were detected
in > 94% and to HPV 18 in 76% of children. The fourth dose of vaccine induced an anamnestic
response, with > 96% of recipients becoming seropositive for all vaccine HPV types. Kahn and
colleagues [55] enrolled 99 HIV-infected women aged 16-23 years in a phase 2 open-label
multicentre trial. Subjects were immunized with the qHPV vaccine at 0, 2, and 6 months.
Seroconversion rates for all four vaccine antigens of 100% were shown in subjects on ART and
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> 92% in non-ART subjects. GMTs for HPV 16 were lower in non-ART subjects. The gHPV
vaccine has been evaluated in HIV-infected men and shown to be immunogenic and safe [56].

The safety and immunogenicity of the bHPV vaccine has been evaluated in 120 asymptomatic
HIV-infected women aged 18-25 years in South Africa and a non-HIV-infected control group
[57]. All subjects irrespective of HIV status seroconverted and remained seropositive at month
12 after dose 1. Overall, these studies show that HPV VLP vaccines are immunogenic and safe
in HIV-infected subjects, but the duration of protection requires mature studies for evaluation.

Immunogenicity of the qHPV vaccine was evaluated in a cohort of young adult transplant
recipients [58]. Seroconversion rates at 1 month after dose 3 for HPV 6, 11, 16, and 18 were
63%, 68%, 63%, and 52%, respectively. Reduced immunogenicity in this cohort correlated with
short interval since transplant, lung transplantation, and tacrolimus levels, suggesting that the
degree of immunosuppression is the important factor. Further studies are necessary to
determine optimal immunization schedules for this patient group. Immunogenicity and safety of
the bHPV vaccine has been evaluated in patients with juvenile systemic lupus erythematosus
[59] and juvenile idiopathic arthritis [60]. In the group with juvenile idiopathic arthritis, all subjects
seroconverted, but antibody responses were lower in patients than in controls. The kinetics of
HPV 16/18 MBC responses were comparable between patients and controls, but the magnitude
of B-cell responses at 7 and 12 months appeared lower in patients. No relevant differences in
adverse events were found. HPV vaccination did not aggravate disease.
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Chapter 7. Trials of vaccine efficacy against non-cervical outcomes —
prevention of anal HPV infection and anal cancer

Joel Palefsky

7.1 Introduction

In a placebo-controlled randomized clinical trial of HIV-negative heterosexual men and men who
have sex with men (MSM) aged 16-26 years, it was shown that the quadrivalent human
papillomavirus (HPV) vaccine prevented 86% of persistent infections with HPV 6, 11, 16, and 18
and 90% of external genital lesions related to these types in the per-protocol population [1].
Among the per-protocol population of MSM in this trial, it was shown in a separate substudy that
the vaccine prevented 95% of anal HPV 6, 11, 16, or 18 infection, 77% of anal squamous
intraepithelial lesions (ASILs), and 75% of anal high-grade squamous intraepithelial lesions
(HSILs) [2]. HPV vaccination to prevent ASILs has not been studied in women, but in a post hoc
analysis of women patrticipating in the Costa Rica Vaccine Trial, using the bivalent vaccine,
there was an 84% reduction in anal HPV 16 or 18 infection in the restricted cohort, similar to the
magnitude of the reduction in cervical HPV 16 or 18 infection [3].

Based on these and other data, HPV vaccination is approved in some countries for prevention
of anal cancer in both women and men. Although there is a growing body of information on the
natural history of anal HPV infection and progression from anal HPV infection to anal cancer
and its precursor, anal HSIL, much more is known about the natural history of cervical HPV
infection than about anal HPV infection. To the degree that the biology of anal cancer and
cervical cancer and the role of HPV in their pathogenesis are very similar, lessons learned from
cervical HPV natural history and vaccine trials may guide vaccine trials for prevention of anal
HSIL/cancer. At the same time, however, when attempting to extrapolate experience with
cervical HSIL/cancer prevention trials to anal HSIL/cancer prevention trials, additional variables
must be considered. These include potential differences in the way cervical and anal HPV
infections are acquired, differences between the natural history of anal and cervical HSIL once
HPV infection at these sites has occurred, and sex-based differences in the natural history of
anal HPV infection. HPV vaccination is also under consideration for prevention of anal
HSIL/cancer in populations other than those for whom it is currently approved. These include
MSM and HIV-infected individuals older than 26 years, and those being vaccinated after
ablation of anal HSIL to reduce the risk of recurrent or incident HSIL. This chapter summarizes
the known information in these areas in an effort to determine whether prevention of anal HPV
infection may serve as an acceptable biomarker for protection against anal HSIL/cancer in
vaccine trials.

7.2 Anal cancer and cervical cancer share a similar association with HPV

The relationship between HPV and anal cancer is similar to that for cervical cancer but with a
few differences. Unlike cervical cancer, the proportion of anal cancers associated with HPV
approaches, but does not reach, 100%. In a meta-analysis, HPV DNA was found in 71% of anal
cancers [4]. As was the case with cervical cancer, earlier studies generally showed lower
proportions of HPV positivity, likely due to use of older HPV DNA detection technologies [5].
More recent studies show that 90% or more of anal cancers contain HPV. In a recent French
study of 366 anal cancers, HPV was found in 97% of cases, with 72% associated with a single
HPV type [6]. In another study, from the USA, analysis of 146 anal cancers from the USA
Surveillance, Epidemiology, and End Results (SEER) registry showed that HPV was detected in
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133 cases (91%); 129 (88%) contained at least one high-risk (HR) type, most (80%) as a single
genotype [7]. Similarly, in a recent analysis of 43 cases of anal cancer from eastern Europe, the
overall prevalence of HPV DNA was 91% [8].

Of the cancers that are positive for HPV, a higher proportion of anal cancers than cervical
cancers are found to harbour HPV 16 or 18, particularly HPV 16 [4]. In the French study, HPV
16 was the most common HPV type (75%) [6]. In the study of anal cancer cases from the USA
SEER registry, HPV 16 had the highest prevalence (77%) [7], and in the eastern European
study, HPV 16 was found in 86% of tumours [8].

Despite the predominance of HPV 16 and 18 in anal cancers, it is clear that other HPV types,
including some low-risk (LR) types, are also found by themselves or with other HPV types.
Among the HR HPV types other than HPV 16 or 18, HPV 31 and 33 have been described in
anal cancers [4, 6]. In one study from Germany, all 5 anal canal cancers contained HPV 16,
compared with only 1 of 4 anal margin cancers [9]. HPV 31, 33, and 68 were found in the other
3 anal margin cancers. HPV 6 has been described in 5.1% of anal cancers, and HPV 11 has
been described in 1.0% of anal cancers [4]. In the USA SEER anal cancer analysis, one or
more LR types were found by themselves in 2.7% of the cancers (2 cases of HPV 6 alone, and
2 cases of HPV 26 alone) [7]. HPV 6 was found alone or in combination with another HPV type
in 4.1% of cases, and HPV 11 in 3.4%. The finding of HPV 6 alone or HPV 11 alone has been
confirmed in a small number of anal cancer cases using laser capture microscopy [10]. HPV 6
and 11 are also associated with a rare but distinct tumour known as Buschke—Léwenstein
tumour [11]. These giant condyloma may progress to verrucoid carcinomas, although squamous
cell cancers have also been described. Although these lesions rarely, if ever, metastasize, they
may be locally aggressive. The exact role of HPV 6 and 11 in the pathogenesis of the cancers
remains unclear.

7.3 The association between HPV infection and anal cancer is similar in men and women

An earlier study, from 1997, showed that 93% of cases from women contained HPV compared
with 69% from men, a statistically significant difference, but that included both cancers and
HSILs [5]. In two more recent studies, the differences between men and women were not
statistically significant [6, 7]. In a meta-analysis, HPV prevalence in anal cancer was higher
among women (91%) than among men (75%), but sex-based differences were not found in
tumours from North America [12]. Overall, in more recent studies a high proportion of anal
cancer is positive for at least one HPV type among both men and women, and in some but not
all studies, that proportion is modestly higher in women than in men.

Taken together, the relationship between HPV and anal cancer is nearly as strong as that for
cervical cancer. As in the cervix, over time the proportion of cancers found in association with
HPV has increased, likely due to improvement in HPV DNA technology. An even higher
proportion of HPV-positive tumours in the anus may contain HPV 16 than in the cervix. Both the
guadrivalent and bivalent vaccines are designed to prevent initial infection with HPV 16, and
high efficacy against HPV 16 infection might lead to a substantial reduction in anal cancers in
the vaccinated population [2, 3]. Further, although LR types such as HPV 6 or 11 have been
found in association with a small number of anal cancers, infection with these types may also be
prevented through vaccination with the quadrivalent vaccine [1, 2]. Prevention of persistent HPV
6, 11, 16 or 18 infection, in which persistent infection is used as the biomarker of true infection
versus carriage, is likely to reflect a true reduction in risk of incident anal cancer in both men
and women. The same is likely to be true for other HPV types that are found occasionally in
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anal cancer and that are present in the nonavalent vaccine, such as HPV 31 and 33, but this
has not yet been shown in clinical trials.

7.4 Anal HSIL is the precursor to anal cancer

Substantial evidence points to anal HSIL as the precursor lesion to anal cancer, similar to the
relationship between cervical HSIL and cervical cancer. Several lines of evidence point to a role
for anal HSIL as the cancer precursor. The earliest assumptions that anal HSIL is an anal
cancer precursor were based on our knowledge of cervical carcinogenesis and identifying anal
HSILs adjacent to invasive anal cancers. More direct evidence came from descriptions of
progression to anal cancer among patients with anal HSIL. In a report of 6 patients with
untreated perianal HSIL who were immunocompromised due to autoimmune diseases or renal
transplantation, 3 (50%) progressed to anal cancer at a median of 5 years after diagnosis of
HSIL [13]. Another group reported progression in 8 (15%) of 55 patients with HSIL at a median
time of 42 months and no progression among 17 patients with low-grade squamous
intraepithelial lesions (LSILs) [14]. Neither of these reports documented that the cancer arose
directly from the area of HSIL, but a recent report described 27 men in whom anal cancer
developed at the same location as a previously biopsied site of HSIL [15]. Prevention of anal
HSIL has been accepted as a biomarker of likely future reduction in the incidence of anal cancer
[16].

7.5 High-risk anal HPV infection is associated with HSIL, and the association is similar in
men and women

If prevention of anal HSIL is an acceptable biomarker for future efficacy in reducing the
incidence of anal cancer, consideration of using prevention of persistent HPV infection as a
biomarker requires an understanding of the relationship between anal HPV infection and anal
HSIL. Similarities between HPV infection and HSIL in the anus and the cervix suggest that
biomarkers of vaccine efficacy in the cervix will also apply to the anus.

Anal HPV infection is as commonly associated with ASILs as cervical HPV infection is with
cervical squamous intraepithelial lesions (CSILs). In a meta-analysis of CSILs, 80% of cervical
LSILs in North America and 70% in Asia were positive for HPV [17]. HPV 6 or 11 was found in
12% of HPV-positive LSILs. HPV 16 was the most common HPV type, found in 26% of cases.
In another meta-analysis, 92% of cervical HSILs were positive overall for HPV [18]. HPV 16 was
the most common HPV type in these lesions, found in 54% of lesions, followed by HPV 18,
found in 5%. Likewise, a high proportion of anal LSILs and HSILs are positive for HPV DNA.
Approximately 88—92% of anal LSILs and 91-94% of anal HSILs are positive for HPV [4, 12,
19]. Most studies that have investigated HPV types in ASILs are largely based on individuals at
high risk for ASIL development, particularly immunosuppressed patients and MSM [20].

As in the cervix, LR HPV types are predominantly associated with anal LSIL. In one meta-
analysis, HPV 6 and 11 were identified in anal swabs from 36.2% and 18.1% of anal LSILs,
respectively [12]. HPV 6 was present in 10.0% of HSILs among HIV-positive patients, compared
with 6.8% among those who were HIV-negative; HPV 11 infection was present in 13.6% of
HSILs among HIV-positive patients, compared with 3.4% among those who were HIV-negative.
There are few data on the distribution of HPV types in anal HSIL biopsies in men versus
women. In one meta-analysis, almost all HSIL biopsies were positive for HPV in both men
(91%) and women (93%), and HPV 16 was the most common type in both [4]. The proportion
containing either HPV 16 or 18 was 67% in men and 75% in women. Similarly, in an Australian
study, HSIL was more strongly associated with HR HPV types than LR HPV types [21]. Overall,
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the relationship between cervical HPV infection and CSIL is similar to that seen between anal
HPV infection and ASIL.

HPV testing was performed in samples from 27 patients with HSIL that progressed to anal
cancer [15]. Nine matched pairs for which DNA from both HSIL and cancer were available were
analysed. All were HPV-positive. Eight pairs (89%) contained HPV 16 DNA. One pair (11%)
contained both HPV 18 and 51 in both samples. Of the eight HPV 16-positive pairs, all
contained the same HPV 16 strain variant. Concordance of both the HPV type and strain variant
in anal cancers and the HSIL from which they progressed further supports the role of anal HSIL
as an anal cancer precursor as well as the importance of HPV in the pathogenesis of both HSIL
and cancer.

Given the strong relationship between HR anal HPV infection, particularly HPV 16, and both
anal HSIL and anal cancers, it is likely that prevention of persistent HPV infection will be a valid
biomarker of reduced risk of incident HSIL and anal cancer. Similarities in the HPV type
distribution in anal HSIL between men and women further suggest that this will be the case in
both sexes. Similarities between HPYV infection, HSIL, and cancer in the anus and cervix further
indicate that biomarkers useful to predict vaccine efficacy in the cervix will also be useful in the
anus.

7.6 Routes of anal HPV infection may differ between men and women but do not have an
impact on consideration of biomarkers of vaccine efficacy

Although anal HSIL and anal cancer are clearly associated with anal HPV infection in both men
and women, there are differences in how commonly HPV is found in these groups and, in some
circumstances, how frequently it is associated with ASIL. In descending order of prevalence,
anal HPV infection is found in HIV-positive MSM, HIV-positive women, HIV-negative MSM, HIV-
negative women, and men who have sex with women (MSW) [22-28]. The differences in
prevalence of anal HPV infection likely reflect a combination of immune response and sexual
behaviours, in which MSM have the highest likelihood of exposure due to their number of sexual
partners and number of episodes of receptive anal intercourse relative to the other groups.
Studies of women and MSW also clearly show that anal HPV infection can be detected in the
absence of a history of receptive anal intercourse [24—28]. Sources of infection in these groups
may be external anal contact with oral or genital HPV-infected epithelium of sexual partners,
insertion into the anus of inert objects that may carry infectious HPV for at least a short period of
time, or spread from an individual's own HPV-infected genital epithelium. MSM may acquire
anal HPV infection through all of these mechanisms but also through receptive anal intercourse.
Women may acquire anal HPV infection through anal intercourse or through spread from the
cervix and vulvovaginal area. Despite the wide variety of ways in which HPV infection may be
introduced, at present there is no reason to believe that the biology of HPV entry, replication,
and progression through the life-cycle and different stages of disease differs according to these
varying modes of acquisition. Hence, the efficacy of vaccination to prevent anal HPV infection is
likely to be similar among these groups.

7.7 Natural history of anal HPV infection may differ between men and women but does
not have an impact on consideration of biomarkers of vaccine efficacy

Once anal HPV infection has been acquired, the natural history of progression from HPV
infection to ASIL and cancer may vary between men and women, but this may reflect sexual
behaviours more than true biological differences. The incidence of anal cancer is similar,
although slightly higher among women than among men (predominantly MSW) in the general
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population [29, 30]. Among women, it is possible that the anus is less transformable on a per-
HPV infection basis than the cervix, given that HR anal HPV infection is at least as common as
cervical HPV infection in women [22, 25, 26], yet the incidence of anal cancer in women is lower
than that of cervical cancer even in settings in which there is screening for cervical cancer [29,
30].

The incidence of anal cancer is not always proportional to the prevalence of anal HPV infection
in some groups. HIV-negative MSM have more anal HPV infection than HIV-negative MSW but
may have a disproportionately higher incidence of anal cancer than the MSW [31]. The
incidence of anal cancer is higher among HIV-positive MSM than among HIV-negative MSM,
but again the difference in anal cancer incidence [32, 33] is disproportionately greater than the
differences in anal HPV prevalence between these two groups. HIV-positive MSM and HIV-
positive women both have very high rates of anal HPV infection [22—-25], whereas the incidence
of anal cancer among HIV-positive MSM is substantially higher [33].

Apart from potential differences in the biology of the anal canal between men and women, for
which there is currently little evidence, it is possible that the difference in rates of cancer in
these groups may reflect sexual behaviour. In general, HIV-positive MSM have more anal
receptive partners and receptive anal intercourse episodes, and more anal sexually transmitted
infections than do HIV-positive women. Risk factors such as chronic inflammation and other
sexually transmitted infections may potentiate the risk of anal cancer [29] in conjunction with
anal HPV infection. Lower CD4 level has been associated with increased incidence of anal HSIL
[34, 35] and cancer [36], but the contribution of duration of HIV infection and CD4 nadir to the
risk of anal cancer remains uncertain. One recent study showed that better control of HIV viral
load was associated with lower risk of anal cancer [37].

Taken together, the data would suggest that the natural history of anal HPV infection is similar
among women and MSW in the general population. However, it is possible that the natural
history may be different in MSM and HIV-positive individuals, particularly HIV-positive MSM,
who have the highest incidence of anal cancer of any group. Risk factors beyond HPV infection
may play a role in risk of developing disease in MSM, including chronic inflammation, co-
infection with other sexually transmitted agents, and other unmeasured risk factors. Among
those with HIV infection, additional risk factors may include chronic immune suppression and
dysregulation.

Regardless of the differences in how anal HPV infection is acquired between groups at risk for
anal cancer, differences in the natural history of anal HPV infection once HPV is acquired, or
differences in the natural history of anal HPV infection compared with cervical HPV infection,
there is no evidence to suggest that anal HSIL or anal cancer will develop in the absence of
persistent anal HPV infection in any of these groups. Therefore, prevention of persistent HPV
infection should be an adequate biomarker of vaccine efficacy for prevention of anal HSIL or
cancer across all these groups. To the degree that HPV 16 and 18 comprise a higher proportion
of HPV-positive anal cancers than cervical cancers, demonstration of prevention of persistent
infection with these two types is particularly important. It will also be important to consider
prevention of other HPV types, including HPV 6 and 11, which have been shown to be present
in the absence of co-infection with HR HPV types in a small percentage of anal cancers.
Therefore, guidelines for measuring HPV types as biomarkers of vaccine study outcomes for
cervical cancer prevention studies may be similarly applied for studies of prevention of anal
disease, but should also include HPV 6 and 11.
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7.8 HPV infection as a biomarker of the efficacy of HPV vaccination to prevent incident
anal HSIL among individuals older than 26 years

Individuals older than 26 years are not approved for routine vaccination or catch-up vaccination,
largely based on studies of women that show that there is sufficient prior exposure to vaccine
types in this group that vaccination is unlikely to be cost-effective on a population basis. Vaccine
studies of mid-adult women (older than 26 years) show that the cost-effectiveness of routine
vaccination is not high enough in this group to warrant routine vaccination [38]. However, it is
possible that men older than 26 years may benefit more from vaccination than similarly aged
women. The prevalence of seropositivity to HPV 16 is lower among men than among women in
the USA [39], and if men older than 26 years have more new sexual exposures than do women,
they may remain at higher risk of new HPV infection than similarly aged women.

HPV vaccines are as likely to prevent anal HPV infection among naive individuals older than
26 years as they are for younger individuals. However, it is not yet clear that doing so is cost-
effective in terms of prevention of HSIL and cancer. As in studies of vaccine efficacy for cervical
disease in mid-adult women, vaccine studies for ASIL in those older than 26 years should
include both HPV and disease markers. This applies as well to a substantial proportion of HIV-
negative and HIV-positive MSM older than 26 years. Although many of these men are highly
sexually experienced, a high proportion have been shown to be seronegative and HPV DNA-
negative, and hence theoretically “naive” to those HPV types [40, 41]. These individuals may
benefit from vaccination even if they are older than 26 years, since they continue to have a high
incidence of anal HSIL, and despite the likelihood that a substantial number of these “naive”
men were exposed to vaccine HPV types in the past and had seroreverted. The efficacy of HPV
vaccination to prevent persistent incident infection in this population is not yet known, nor is the
efficacy to prevent incident anal HSIL. Although it seems likely that prevention of incident
persistent HPV infection would be accompanied by reduced risk of anal HSIL and cancer, there
is sufficient lack of knowledge of the natural history of HPV infection and ASIL in this clinical
setting. Consequently, vaccine studies of putatively naive men and women should include both
HPV and HSIL. Studies of HSIL would also be important in these populations to examine the
cost-effectiveness of routine vaccination.

7.9 HPV as a biomarker of the efficacy of HPV vaccination as a tool to prevent recurrent
disease after treatment of anal HSIL

In addition to preventing initial anal HPV infection, there are some very preliminary data to
suggest that among HIV-negative MSM with HR anal HPV infection, vaccination with the
guadrivalent vaccine may reduce the risk of recurrent anal HSIL after ablative treatment for
prevalent HSIL. In one retrospective chart review, the risk of recurrent HSIL after ablation
among HIV-uninfected men with oncogenic HPV infection was approximately one half that
among unvaccinated men at 2 years after study entry [42]. These results were consistent with
studies in women after treatment of cervical lesions [43]. However, measurements of HPV were
not done post-vaccination among the MSM, and there are no data indicating that clearance of
HPV correlated with reduced risk of recurrent HSIL. Studies examining the effect of HPV
vaccination as a post-treatment “adjuvant” to reduce the risk of recurrent HSIL, as well as
reducing the risk of disease as a result of preventing new HPV infection, must examine both
HPV and HSIL as markers of vaccine efficacy in this setting.

7.10 Conclusions

The role of HPV infection in the pathogenesis of anal HSIL and cancer is similar to that in
cervical HSIL and cancer, and also in the pathogenesis of anal HSIL and cancer, between men
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and women. Among men and women younger than 26 years, regardless of differences in the
natural history of anal HPV infection once HPV has been acquired, prevention of incident
persistent anal HPV infection with vaccine HPV types is likely to be associated with prevention
of disease, and hence is a reasonable end-point for vaccine studies of anal cancer prevention in
both men and women. Results from vaccine studies to prevent anal HPV infection in men
should be applicable in women, and vice versa. These studies should include markers of HPV
infection with all of the types in the vaccine, including HPV 6 and 11 if they are included in the
vaccine mix. Studies of HIV-positive and HIV-negative individuals older than 26 years, including
those who are seronegative and DNA-negative to vaccine HPV types, should include markers of
prevention of both persistent anal HPV infection and disease biomarkers such as anal HSIL.
Similarly, studies of the role of vaccine in reducing disease recurrence after treatment of HSIL
should include both HPV and disease end-points.
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Chapter 8. HPV vaccines and potential prevention of HPV-positive
head and neck cancer

Maura Gillison

8.1 Introduction

Human papillomavirus (HPV) is newly appreciated as the principal cause of a distinct subset of
oropharyngeal squamous cell carcinomas that is rising in incidence in numerous countries
around the world, predominantly among men [1, 2]. In the case of cervical cancer, prospective
clinical trials have demonstrated that cervical premalignant lesions can be prevented by HPV
vaccination and detected by screening for HPV infection. By contrast, no analogous clinical
trials support the use of HPV vaccination or HPV detection for the primary or secondary
prevention of oropharyngeal cancer. To some extent, this lack of data can be attributed to the
fact that the elucidation of the HPV etiology of cervical cancer predates that for oropharyngeal
cancer by approximately 25 years. Thus, natural history studies of oral HPV infection
comparable to those performed for cervical HPV infection in the 1990s are currently in progress.
Nevertheless, despite considerable homology between HPV-caused cervical and oropharyngeal
cancers, some distinctions between the two explain current barriers to the use of HPV vaccines
for the primary prevention of oropharyngeal cancer.

8.2 HPV etiology of cervical versus oropharyngeal cancers

Head and neck cancers are now known to be etiologically heterogeneous, with a predominant
subset attributable to tobacco and alcohol use, and a distinct subset attributable to HPV
infection [3]. In 2007, IARC stated that there is sufficient evidence to conclude that HPV 16 is a
cause of oropharyngeal cancers [4].

The comparative epidemiology of HPV infection and cancers of the head and neck and cervix
has recently been reviewed [5]. Epidemiological associations are quite similar for cervical and
oropharyngeal cancers. Case—control studies have observed strong and consistent associations
between sexual behaviour, oral HPV infection, serological measures of HPV exposure, and
oropharyngeal cancer [6]. A clear difference between cervical and oropharyngeal cancers is that
only a subset of oropharyngeal cancers are attributable to HPV infection. Although only HPV 16
currently satisfies the epidemiological criteria necessary to be classified as high-risk in the oral
cavity, other high-risk HPV types (e.g. HPV 18, 31, 33, 35, and 45) have been detected in 5—
10% of HPV-positive oropharyngeal cancers. Thus, a higher proportion of HPV-positive
oropharyngeal cancers than cervical cancers are attributable to HPV 16 infection [7]. Molecular
analysis of oropharyngeal cancers demonstrates similarities to cervical cancer with regard to
chromosomal aberrations, gene expression, methylation, and microRNA profiles, indicating that
these cancers share common carcinogenic pathways [6]. Importantly, expression of HPV
oncogenes has been shown to be necessary for the malignant phenotype of HPV-positive
cervical and oropharyngeal cancers [8]. Thus, HPV is unlikely to be a pathophysiologically
insignificant passenger infection. Prevention of HPV infection of the oral cavity should prevent
development of cancer.

Therefore, epidemiological and molecular associations between HPV and cervical and

oropharyngeal cancers are quite similar. Important differences include the etiological
heterogeneity of oropharyngeal cancers and the higher attributable fraction for HPV 16.
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8.3 Sex-based differences in incidence of HPV-positive oropharyngeal cancers

In virtually all regions of the world, incidence rates of oropharyngeal cancer are significantly
higher among men than among women [1]. In a recent analysis of the Cancer Incidence in Five
Continents database, incidence rates of oropharyngeal cancer among women rose
predominantly in countries where rates for oral cavity and lung squamous cell carcinomas were
also increasing, consistent with a role for increased exposure to tobacco among women, rather
than oral HPV infection [1]. In contrast, rates for oropharyngeal cancer were rising among men
in regions where rates for oral cavity and lung squamous cell carcinomas were declining,
consistent with an association with HPV. Analyses on archived tumour specimens in the USA
[2], Sweden [9], and Australia [10] support the conclusion that this increase in incidence of
oropharyngeal cancer among men is attributable to HPV infection. In the USA, a recent analysis
of National Cancer Institute (NCI) Surveillance, Epidemiology, and End Results (SEER) cancer
registry tissues revealed that the incidence rates of HPV-positive oropharyngeal cancer were
significantly higher among men than among women, and rates were projected to continue to
increase until 2030 among men but to remain stable among women [2].

Cross-sectional studies of oropharyngeal cancer have also consistently observed male sex to
be associated with HPV-positive oropharyngeal cancer [11]. An analysis of oropharyngeal
cancer specimens collected from NCI SEER registries from 1984 to 2004 showed that the
prevalence of HPV in oropharyngeal cancers was significantly higher among men than among
women [2]. Moreover, the prevalence of HPV in oropharyngeal cancers in the USA significantly
increased for men, but not for women, from 1984 to 2004. Therefore, evidence to date suggests
that incidence rates of oropharyngeal cancers attributable to HPV are rising in several regions
around the world, predominantly among men.

At this time, there are limited data regarding the risk of head and neck cancer given HPV
exposure among men and women. A nested case—control study in Nordic countries observed
the risk of head and neck cancer associated with HPV 16 L1 seropositivity to be similar among
men (odds ratio [OR], 2.3; 95% confidence interval [Cl], 1.3—-4.0) and women (OR, 3.5; 95% ClI,
1.5-7.7) [12]. However, in a nested case—control study conducted in Europe, the 10-year
cumulative risk of oropharyngeal cancer associated with E6 seropositivity appeared to be
dramatically higher among men than among women [13], albeit non-significantly.

Tumour HPV status is the single greatest predictor of the clinical behaviour of head and neck
cancer. HPV-positive tumours are associated with a dramatically better prognosis than HPV-
negative cancers. There is no evidence that the biological behaviour of HPV-positive cancer
with regard to better prognosis is different for men and women [14].

Therefore, incidence rates of HPV-positive oropharyngeal cancer are higher among men than
among women. There are insufficient data to evaluate whether the risk of HPV-positive
oropharyngeal cancer given HPV infection is different for men and women.

8.4 Sex-based differences in natural history of oral HPV infection

There is a growing body of evidence that the natural history of oral HPV infection is significantly
different among men and women. Cross-sectional studies have consistently reported the
prevalence of oral HPV infection to be higher in men than in women. In a recent population-
based survey in the USA, men had an approximate 3-fold higher prevalence of oral HPV
infection than women [15]. Prevalence of oral HPV 16 infection was > 5-fold higher in men. Oral
HPV infection had a bimodal age distribution among men but not among women. In addition to
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interactions with age, sex significantly affected associations with marital status and smoking.
Intensity of current smoking significantly increased the odds of oral HPV infection among
women but not among men, and married women, but not married men, had significantly lower
odds of infection.

At this time, the possible contribution of a difference by sex in risk of acquisition or persistence
of an oral HPV infection to the differences in prevalence by sex is unknown. However, natural
history studies in progress are expected to elucidate sex differences in risk and persistence of
infection. The overwhelming majority of cross-sectional surveys have observed associations
between sexual behaviour and prevalent oral HPV infection among men and women [15].
However, cross-sectional studies have also observed associations between kissing [16],
prevalent paronychial infection [17], and genital infections [18], possibly consistent with oral-to-
oral transmission and auto-inoculation from genital infection. Recent studies in which a small
number of incident oral HPV infections were detected have inconsistently observed associations
between sexual behaviour and incident infection [19, 20]. At this time, there is insufficient
evidence to conclude that the risk factors for acquiring an oral HPV infection are different by
sex. Nevertheless, both the prevalence of infection and the incidence of disease are higher
among men than among women, consistent with natural history differences yet to be elucidated,
and therefore HPV vaccine efficacy for oropharyngeal cancer prevention will be particularly
important for men.

8.5 Histopathological progression of cervical cancer versus oropharyngeal cancer

The histopathological progression of oral cavity squamous cell carcinomas is quite analogous to
that for cervical cancer: an accumulation of genetic alterations is associated with
histopathological progression from mild and moderate dysplasia to severe dysplasia/carcinoma
in situ [21]. However, the majority of HPV-positive oropharyngeal cancers arise from deep within
the tonsillar crypt epithelium, and thus are neither accessible to visual inspection nor detectable
by superficial brush biopsy. A single study has shown that HPV 16 detection is strongly
associated with squamous cell carcinoma when oropharyngeal lesions are visible and
accessible to brush biopsy [22]. In contrast, HPV 16 infection is not associated with abnormal
cytology in superficial exfoliated tonsillar cytology specimens from individuals without detectable
lesions [22]. Therefore, the histopathological progression of HPV-positive oropharyngeal cancer
in particular remains poorly defined.

In contrast, the cervical epithelium is relatively readily accessible to brush biopsy, and therefore
the biological and histological continuum of cervical HPV infection through carcinoma in situ has
been prospectively observed in clinical trials. We note that HPV-positive high-grade dysplasias
have been detected in surgical resection specimens from patients with head and neck cancers
[23]. Thus, an invasive procedure such as bilateral tonsillectomy and laser excision of the base
of tongue could, in theory, detect HPV-positive oropharyngeal precancers in healthy subjects.
This is neither clinically feasible nor ethical, which remains a substantial barrier to both natural
history studies and vaccine prevention trials. Regulatory agencies have historically required a
histopathological disease end-point in clinical trials designed to evaluate the efficacy of HPV
vaccines.

8.6 Prevention of oral HPV infection and associated cancers

There is no reason to believe that the molecular mechanism underlying vaccine efficacy in the
head and neck would be different from that in the anogenital tract. The animal models that
provided proof-of-concept studies that virus-like particle (VLP) vaccines could protect against
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the development of papillomavirus-associated malignancies were oral cancer models. Models of
canine oral papillomavirus (COPV)-associated oral cancer demonstrated COPV L1 vaccination
to protect against development of oral cancer and that passive transfer of serum
immunoglobulin from vaccinated dogs is protective [24].

Salivary antibodies are largely serum-derived, and antibodies to HPV 16 L1 have been detected
among women who have received the HPV vaccine [25]. Compelling preliminary evidence of the
potential utility of HPV vaccination for prevention of oral HPV infection was recently published
[26]. In a cross-sectional study nested within a randomized controlled trial of bivalent vaccine for
prevention of cervical dysplasia, oral HPV 16/18 infections were less common 4 years after HPV
vaccination in women in the vaccine arm versus the placebo arm. There are no analogous data
in men. Thus, data support a hypothesis that VLP vaccination would generate serum
immunoglobulin-derived salivary immunoglobulin with potential to prevent incident oral HPV
infection.

In all prospective randomized controlled clinical trials of HPV VLP vaccines completed to date,
prevention of incident and persistent HPV 16/18 infection has been shown to be a conservative
estimate of efficacy against HPV 16/18-positive moderate to severe dysplasias. Therefore, this
outcome should be acceptable in future trials of VLP vaccines. In the absence of such
precedent, such a surrogate end-point would not be acceptable for vaccine technologies that
are substantially different from VLP vaccines (e.g. not thought to generate neutralizing
antibodies). In that instance, proof-of-principle studies with disease end-points may be
reasonably required from regulatory agencies.

Although serum-based studies have demonstrated HPV exposure to be associated with risk of
oropharyngeal cancer [12, 13], nested, case—control studies are in progress to determine
whether oral HPV infection is associated with risk.

Although natural history studies of oral HPV infection are currently under way, these studies will
never be sufficiently large as to demonstrate an association between oral HPV infection
persistence and incident oropharyngeal cancer. Because it is not currently clinically or ethically
feasible to detect subclinical HPV-positive oropharyngeal dysplasias in healthy subjects, there is
unlikely to be evidence, in the near or distant future, that persistent oral HPV infection is an
acceptable surrogate for risk of progression to an oropharyngeal dysplasia or oropharyngeal
cancer.

In summary, it is not possible to determine from empirical observational data whether oral HPV
infection persistence can be used as an acceptable surrogate for risk of HPV-positive
oropharyngeal cancer.

Nevertheless, it is universally accepted that it is not possible for an individual to develop HPV-
positive oropharyngeal cancer in the absence of a preceding oral HPV 16 infection. It is also
highly implausible that oral HPV 16 infections that are undetectable are associated with
significant risk, given the strong associations between oral HPV 16 infection and oropharyngeal
cancer in case—control studies.

In conclusion, oropharyngeal cancers are etiologically heterogeneous. Although HPV infection is
not necessary for the development of oropharyngeal cancer, HPV infection is now accepted as
necessary for the development of the HPV-positive subset. Oropharyngeal cancer incidence
rates are increasing in numerous geographical regions around the world, and HPV infection has
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been implicated as the underlying cause, predominantly among men. The risk of HPV-positive
oropharyngeal cancer is higher in men than in women in all geographical regions investigated to
date. The prevalence of oral HPV infection is significantly higher in men than in women.

There is increasing evidence that sex strongly influences the natural history of oral HPV
infection. Whether the risk of oropharyngeal cancer given oral HPV 16 infection is different in
men than in women is unknown. Current-generation HPV VLP vaccines (HPV 16/18) have the
potential to prevent > 90% of HPV-positive oropharyngeal cancers. Clinical trials designed to
evaluate the efficacy of HPV VLP vaccines for prevention of incident and persistent oral HPV 16
infection should include men and perhaps women. At this time, the best (and only feasible)
surrogate end-point for risk of HPV-positive oropharyngeal cancer in a clinical trial would be
prevention of incident and persistent oral HPV 16 infection.
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