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ABSTRACT

There is a high burden of human papillomavirus (HPV) associated cancers in low- and middle-income
countries (LMICs). Reducing the recommended dosing schedule from two doses to one makes the vaccine
schedule logistically simpler and lowers the cost. This could make the distribution of the current vaccine
supply more equitable and lead to the protection of more people. However, the clinical trials studying the
efficacy of a single-dose schedule have not yet delivered final results. Against this background, the
question is whether a single-dose HPV vaccine recommendation is appropriate now, and if so, what are
the ethical considerations of such a recommendation? We developed three ethical recommendations: (1)
adopt a holistic view of evidence to justify policy decisions; (2) prioritize the reduction in global disparities
in decision-making at all levels; and (3) be transparent in the reporting of how key stakeholder interests
have shaped the collection and interpretation of the evidence, and ultimate decisions. The complex
discussion regarding the HPV single-dose vaccine schedule highlights the need for in-depth engagement
globally to improve our understanding of country-specific contexts, and how those contexts influence
decisions regarding the HPV vaccine single-dose recommendation.
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In 2014, the World Health Organization (WHO) issued
a recommendation that National Immunization Programs
(NIPs) should adopt a two-dose schedule of the human papil-
lomavirus (HPV) vaccine for children 9 to 14 years of age,’
based on the non-inferior antibody response in this age group
compared to 16 to 26 year old women in the phase 3 clinical
trials.' Four years later, in May 2018, WHO issued a call for
action toward global cervical cancer elimination.” This is esti-
mated to increase the total demand for HPV vaccines to 120 M
doses or more per year after 2025. Sizable increases in supply
will be required to serve this level of demand. Supply con-
straints are expected until at least 2023-24.> Moreover, some
promising findings of the potential efficacy of a single dose of
the HPV vaccine®® have initiated a debate within the global
vaccine community about the desirability of moving from the
two-dose schedule to a single-dose schedule.

The consideration of a single-dose schedule occurs against
the backdrop of staggering global disparities in HPV vaccine
coverage” ' and cervical cancer incidence and prevalence
between high-income countries (HICs) and low- and middle-
income countries (LMICs)."> Although appeals to “equity” are
common in global health discussions, precisely how delibera-
tions about ethics should be structured to help guide decisions
about the single-dose HPV vaccine have not received adequate
attention. The annual global birth cohort of girls is currently
60 million, only 10 million of whom are currently being vacci-
nated, mainly due to the lack of HPV vaccine offerings in
LMICs.” Part of the WHO’s strategy to eliminate cervical

cancer as a public health problem includes 90% of girls being
fully vaccinated with the HPV vaccine by the age of 15 years."'
Furthermore, less than 5% of eligible girls in LMICs are vacci-
nated, even though LMICs account for ~90% of the cases of
cervical cancer worldwide."”> In this paper, we present the
findings of our investigation into the ethics of the HPV vaccine
single-dose debate. First, we present our review and critical
appraisal of the literature. Then, we present a set of recom-
mendations distilled from these analyses. The recommenda-
tions are intended to help individuals and organizations
intimately involved in the single-dose debate to frame the
ethical implications of their deliberations and to encourage
explicitness in the justification of decisions for or against the
approval of the single-dose schedule.

We reviewed and critically analyzed the literature pertaining
to the scientific rationale for a single-dose HPV vaccine. In the
absence of a clear correlate of immunity to HPV infection, and
with initial evidence of improved immune response
after second priming and third boost doses, HPV vaccine
development has followed a “classic” prime-boost dosing
model, settling, initially, on a three-dose schedule. This
approach was also deemed most likely to confer the longest
duration of protective immunity, compared to shorter dose
schedules.'* Therefore, in 2009, the WHO recommended that
countries adopt a three-dose schedule for their National
Immunization Programs.'”

Trials of the three-dose HPV vaccine schedule have demon-
strated consistently high levels of efficacy and effectiveness.'®
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However, due to incomplete dosing, or no doses in the case of
those women assigned to placebo controls, post-hoc analyses
from some of these trials have allowed comparisons of protec-
tive immunity in young women who received only two or one
dose.”®!” Evidence from prospective non-inferiority immuno-
genicity trials'® prompted the WHO to recommend the two-
dose schedule for girls who receive the first dose prior to
15 years of age' and led both the Pan American Health
Organization (PAHO) and the European Medicines Agency
(EMA) to approve a two-dose schedule in 2014" and 2015,
respectively.”’ Because the analyses of the performance of
a single dose of vaccine, compared to 3, 2 and 0 doses, have
been surprisingly strong,” it has now turned the attention of the
global vaccine community to the desirability and advisability of
a single-dose HPV vaccine schedule, which could greatly
improve the low HPV vaccine uptake in LMICs. These deci-
sions will likely be made by the National Immunization
Technical Advisory Groups (NITAGs) with input from
Regional Immunization Technical Advisory Groups
(RITAGS); therefore, scientific evidence and ethical considera-
tions need to be easily assessible and clear to help countries/
regions improve HPV vaccine coverage and reduce the burden
of HPV-associated cancers.

The rationales for exploring the relative efficacy of a single-
dose schedule compared to the current WHO-recommended
two-dose schedule' have focused on four main considerations:
(1) evidence regarding relative immunogenicity and durability
of protective immunity; (2) elucidation of immunological
mechanisms of protective immunity; (3) potential for increased
coverage; and (4) potential for lower schedule and program
cost and improved cost-effectiveness.

First, we discuss the relative immunogenicity and durability
of protective immunity. Despite a rich and extensive literature
about all aspects of HPV vaccines, very few studies have been
designed explicitly to compare three-dose vaccines with two or
fewer doses. Numerous ongoing studies have reported
encouraging efficacy data for a single-dose, but these have all
been post-hoc analyses.*” A randomized control trial (RCT)
addressing the comparative efficacy of single-dose vs. two-dose
HPV vaccine schedules is due to report findings in 2024-25.7*'

Published comparisons of two-dose schedules with one-
dose schedules are drawn primarily from retrospective analyses
of post-licensure studies from national immunization pro-
grams, nested observational studies of random allocations in
clinical trials, immunogenicity studies, and case-control and
other observational studies from national registries and com-
mercial health systems data.**">

Evidence from these sources is strongly suggestive that
a single-dose schedule is capable of conferring protective immu-
nity and that immunity lasts up to 11 years,*® but limitations in
the available data have made it extremely difficult to assess non-
inferiority compared to three- and two-dose schedules.
Additionally, there are several different HPV vaccines, and dur-
able protection from a specific bivalent vaccine may not neces-
sarily transfer to other formations, such as the quad- or non-
valent. The implications of these immunological differences for
long-term clinical protection remain unclear. Additionally,
because the prospectively designed and controlled comparative
trials have yet to report their results, the true implications of

these findings for vaccine effectiveness against HPV infection
and related cancers are difficult to assess. These uncertainties led
the SAGE to recommend to the WHO in 2018 that there is
currently insufficient evidence to support a determination of
non-inferiority of a single-dose schedule."'

Second, we critically evaluate the immunological mechan-
isms that support a single-dose HPV vaccine schedule. Schiller
and Lowy recently summarized the current immunology of
HPV vaccination and concluded that “(t)here is mounting
evidence that the vaccines have similar efficacy and effective-
ness even when administered in a single dose.””” Their review
highlights the unique morphology of the vaccine’s virus-like
particles (VLPs), which self-assemble from 360 individual
copies of the L1 major capsid protein of the virus. The structure
of the VLPs is just one of the complexities of the vaccine
manufacturing process. The L1 VLPs display a densely and
highly ordered arrangement of epitopes that present
a “pathogen-specific danger signal” [p. 4770],”” common in
a wide range of viruses and microbial surfaces. This unique
structure makes the VLPs highly effective in causing the pro-
liferation of B cells and antibody-producing long-lasting
plasma cells (LLPCs) in particular, which appear to ensure
a stable and durable source of ongoing antibody production.
Schiller and Lowy address the concern that a single-dose vac-
cine appears to produce lower levels of antibody than multiple
doses by speculating that “the observation that antibody levels
that are more than 100-fold lower than the minimum level
detected in the in vitro neutralizing assay are able to prevent
in vivo infection is consistent with the idea that there are potent
antibody-mediated mechanisms relevant to in vivo inhibition
that are not detected in vitro” [p. 4771].> Although not deter-
minative, the unique immunological dynamics of the HPV
vaccine offer strong biological plausibility for durable protec-
tive immunity from a single-dose HPV vaccine, an effect that
may not be well reflected in the empirical evidence to date,
which emphasizes the importance of antibody titers.

Third, we discuss the potential for increased HPV vaccine
coverage. Approximately 90% of the 530,000 annual new cases
of cervical cancer worldwide occur in LMICs, only about 5% of
eligible women in LMICs have received HPV vaccination.'
Since the HPV vaccine is difficult to manufacture®® and relies
on cold-chain delivery because of its relative heat-sensitivity,”>*’
it is costly to produce and distribute. Improved coverage from
a single-dose versus a two-dose schedule is the most intuitive of
the prospective benefits of a switch to a single-dose schedule.
However, more experience and data about distribution cost-
savings will be required to quantify the potential increases in
coverage that a single-dose policy is likely to produce.”

Finally, we explored the literature about a single-dose HPV
vaccine and the potential for lower costs and improved cost-
effectiveness. Compared to a two-dose HPV vaccine schedule,
a single-dose should reduce logistical and administration costs
per person vaccinated for NIPs. However, overall costs to NIPs
in LMICs could increase if a single-dose schedule facilitates
a significant expansion of overall coverage beyond the current
5%. The cost-effectiveness of the single-dose policy will ulti-
mately be determined by the vaccine’s effectiveness at creating
and sustaining individual and herd immunity, and by its
impact on reducing the incidence of target cancers.”"



In 2019, SAGE recommended that “countries that have
already introduced HPV vaccine and face an imminent vaccine
supply shortage can consider a 1 + 1 schedule.” A “I + 1 sche-
dule” is also called an “extended interval” schedule, where the
first dose is given to girls aged 9-10 years, and the second dose
is given 3 to 5 years later. The implementation of a 1 + 1
schedule will require robust monitoring and surveillance in
each implementing country to guide decisions about the need
for a second dose. In theory, cost-savings from delayed purchase
of the second dose at the outset could be applied to creating
and/or strengthening the necessary surveillance capacity, which
could support other vaccine and disease programs as well.

After reviewing the literature, we now discuss key ethical
issues and recommend an ethical framework for the adjudica-
tion of a single-dose HPV vaccine schedule. The choice of HPV
vaccine schedule raises ethical challenges for reasons of dis-
parity in access, supply constraints, high cost, delivery com-
plexity, and limitations of the existing scientific evidence.
Decision makers, especially those at the country or regional
levels, are faced with three key ethical questions:

(1) Zero versus one dose: Should a country that has not yet
rolled out an HPV vaccination program, begin with
a one-dose schedule?

(2) Two doses versus one dose: Should countries that
already have a two-dose HPV vaccination schedule in
place move to a one-dose schedule?

(3) Fair interpretation of limited evidence: What infer-
ences can policymakers make from the existing scien-
tific evidence? And more specifically, how well does
technical inferiority in immunogenicity and/or efficacy
predict the relevant public health impact of a single-
dose schedule?

With this understanding of the ethical issues and biological
plausibility of a single-dose HPV vaccine schedule, we now
introduce an ethical framework to help guide policy-makers, at
all levels, facing these ethical challenges. The overarching ethi-
cal question facing the global vaccine community is how best to
protect an entire generation of young women in LMICs from
devastating and highly preventable cancers. Reduction in the
per person cost of vaccination could facilitate expanded popu-
lation coverage in those countries with the lowest coverage
rates, which could provide a realistic pathway to reducing
global disparities in HPV infection and cancer prevalence.
Intra-country disparities are also common in HPV vaccine
distribution. Although it is unclear to what extent these dispa-
rities are driven primarily by cost as opposed to supply chain
deficiencies and unfair distribution policies, cost reduction
could offer new possibilities for improving the fairness of
distribution within countries, in addition to expanded cover-
age. These are, fundamentally, and unavoidably, questions of
global justice, both in absolute terms - that is, whether entire
generations of young women (and young men) are simply
denied access to a life-saving intervention - and in relative
terms - that is, whether birth cohorts of young women (and
young men) in HICs continue to reap a disproportionate share
of the benefits of HPV vaccination compared to their counter-
parts in LMICs.

HUMAN VACCINES & IMMUNOTHERAPEUTICS . e1917231-3

The complex scientific questions outlined above also pre-
sent difficult ethical questions about the appropriate standards
of evidence for justifying decisions to recommend a single-dose
policy, or not, or to endorse a 1 + 1 approach, or to support
multiple-dose schedules simultaneously. These policy deci-
sions involve the navigation of complex and imperfect scien-
tific evidence alongside key contextual considerations, such as
affordability and different coverage and programmatic goals
among NIPs.*

Conventional appeals to ethical principles and guiding
values are likely to be inadequate to provide meaningful ethical
guidance for all the relevant stakeholders, including manufac-
turers, researchers, regulators, normative bodies, national
immunization programs, host country policymakers and
health systems administrators, and vaccine funding and pur-
chasing bodies. In the face of these challenges, we propose a set
of key ethical considerations that can function as an “ethics
roadmap” to help shape an approach to ethical reasoning that
is ‘fit for purpose’ for the complex ethical challenges that must
be navigated during the period of evaluation and possible
transition to a single-dose regimen. We focus, in particular,
on three key recommendations: (1) adopt a holistic view of
evidence to justify policy decisions; (2) prioritize the reduction
in global disparities in decision-making at all levels; and (3) be
transparent in the reporting of how key stakeholder interests
have shaped the collection and interpretation of the evidence,
and ultimate decisions.

The first reccommendation is to adopt a holistic view of the
evidence to justify policy decisions. The evidence, described
above, informing the debate about the relative effectiveness
of a single-dose HPV vaccine schedule is impressive and
compelling and will become more complete over time. One
ethical hazard associated with this evidence landscape is that
decision-makers may, by convention, adopt an overly narrow
analytic frame that relies predominantly on measures like the
persistence of neutralizing antibodies over time, even though
our understanding of the precise relationship between anti-
body titers and protective immunity for HPV vaccines is
incomplete.”” There is no debate about the relevance or
importance of antibody titers as a signal of immune response
and likely protective immunity. However, it is conceivable
that decision-makers could find the single-dose schedule to
be inferior to the two-dose schedule on the basis of this
incomplete knowledge, and, in doing so, inadvertently estab-
lish a “double standard” whereby LMICs may avoid the
adoption of the vaccine, or the expansion of their coverage,
to avoid having to justify the adoption of a ‘lower
standard.””?

Although there are no simple solutions to evidence that is
restricted to efficacy, we recommend that decision-makers
adopt a holistic view of what evidence can be useful to support
robust policy decisions. More explicitly factoring in considera-
tions of cost and delivery logistics, for example, as relevant
features of the ‘performance’ of the single-dose schedule could
help to expand the working concept of “effectiveness” beyond
the achievement of primary and secondary endpoints, to
broader population goals of improved coverage and perhaps
even improved immunization infrastructure.’* To do so might
a more explicit “on balance” assessment of how the relevant
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features of the single-dose schedule might combine to produce
a unique value profile, beyond efficacy alone.”*

The second recommendation is to prioritize the reduction
of global disparities. One implication of adopting an exces-
sively narrow interpretation of effectiveness, as described
above, is that any decision that establishes a single-dose sche-
dule as inferior to the two-dose schedule, in absolute terms, is
unlikely to be overturned until the current Costa Rica RCT
comparing single to two-dose regimens reports in
2024-2025.7! In the meantime, uptake of a two-dose schedule
(i.e., the ‘superior’ schedule) would likely remain inaccessible
to low-income, and lower-middle-income countries due to cost
considerations. Therefore, whatever reductions in uncertainty
the Costa Rica trial might provide, will almost certainly be felt
in a widening of global disparities. Thus, the opportunity for
expanding immunization capacity and/or coverage that the
single-dose schedule could provide for some countries would
be delayed for another 5 years. This scenario would privilege
individual-level gains within countries rather than relative
gains between and among countries.

John Rawls’s theory of justice addresses the issue of fair
distribution of social goods.>> He contends that society is con-
ceived of as a fair system of cooperation from one generation to
the next between free and equal citizens possessed of the two
moral powers, which are: (1) the capacity to form, revise, and
rationally act upon a conception of the good; and (2) the
capacity for a sense of justice. In the current controversy over
whether the potential transition to a single-dose HPV vaccine
schedule is warranted scientifically, Rawls’s framing makes
explicit the importance of conceptualizing and generating evi-
dence in a way that clarifies the nature and specific value of the
social goods in question. Although relatively few LMICs have
introduced the HPV vaccine into their national immunization
programs, the coverage achieved in these countries has been
high.*® Tt would be unfair if the potential reductions in global
disparities that this increased coverage represents were
excluded from consideration simply by the conventions of
RCT data collection and analysis.

The final recommendation is the need for transparency
regarding the influence of stakeholder interests. Many national
introductions of the HPV vaccine in LMICs were funded by
pharmaceutical companies’ donations.” This changed in 2013
when LMICs were able to receive support for HPV vaccine
programs through Gavi, the Vaccine Alliance (formally known
as the Global Alliance for Vaccines and Immunizations).”” The
critical determinants of effectiveness, evidentiary standards
and the potential social value of vaccines, or candidate vaccines
are routinely discussed by stakeholders within the complex
global vaccine enterprise, including companies, public and
private funders, regulators, Gavi, WHO, individual target
country ministries, and national immunization programs. But
although the discussions are well known to involve complex
consultations and negotiations, the ways in which the interests
of these stakeholders shape decisions — beyond the technical
interpretation of the available data — are rarely made explicit or
publicly accessible. This is important because these stake-
holders’ interests can carry significant weight, particularly in
individual country decisions, and could distort the ethical
intentions reflected in other aspects of the decision-making

process, including the potential to undermine the priority of
reducing global disparities.

All decisions have implications. The primary function of
scientific evidence is to reduce our uncertainty about the nat-
ure of the phenomena we study and, by doing so, increase the
confidence we can have in the decisions that evidence aims to
inform. Although there is a common understanding that values
play a critical role in decision-making, there is limited
acknowledgment that values can play a critical role in the
interpretation of evidence.”® Upshur has argued that “inherent
to the interpretation of evidence are very different animating
values.””® He describes two forms of prudence - “active” and
“precautionary” - that lean toward pragmatism and benefi-
cence, and non-maleficence, respectively.

Given the current state of the evidence, described above, if
a country decides to launch a new HPV vaccination program
with a single-dose schedule, or switch from a two-dose to
a single-dose schedule, it seems likely that the “animating
value” motivating that decision would be a desire to maximize
its ability to protect its young women (and young men) from
preventable cancers. Such a decision would not constitute
a disregard of the current evidence, but rather an interpretation
favoring various elements of the evidence, e.g., the strong
biological plausibility that a single dose can durably stimulate
antibody production, and thereby sustain protective immunity,
and that the single-dose schedule represents a significant
advantage in terms of feasibility and affordability. This type
of “active prudence” reflects the ethical burden that country-
level decision-makers shoulder in terms of stewardship of
resources and the accountabilities of a government to its peo-
ple, in contexts that are experiencing dramatic increases in
preventable cancers.

On the other hand, policy-developers, such as SAGE mem-
bers as well as national and regional immunization technical
advisory groups, are charged not only with interpreting the
available evidence about safety and efficacy and likely effective-
ness but also with the broader mandate of protecting the
scientific and evidentiary standards themselves. From this per-
spective, Upshur’s notion of “precautionary prudence” might
be best understood as a defense against interpretations of
available evidence that might lead to the dilution of, or manip-
ulation of, evidentiary standards.

The challenge facing all decision-makers with respect to the
adjudication of a single-dose HPV vaccine regimen is to ensure
that these different forms of ‘prudence’ on the part of decision-
makers do not result in millions of young women (and young
men) being denied the opportunity for protection against pre-
ventable cancers because we lack sufficiently sensitive proce-
dures for integrating value judgments with the best available
evidence. Although our ethical framework is designed to be
flexible with broad inter-country application, it cannot account
for all factors that decision-makers must consider. However,
the framework was intentionally designed not to be prescrip-
tive or exhaustive of all the potentially relevant factors, but
instead to provide decision-makers with a set of considerations
that should be taken into account to ensure that ethical con-
siderations - including significant implications for global jus-
tice - are not inadvertently discounted in their decision-
making.



Table 1. Key ethical parameters.

(1) Adopt a holistic view of evidence to justify policy decisions
(2) Prioritize the reduction of global disparities
(3) Transparency regarding the influence of stakeholder interests

This paper presents an overview of ethical considerations
for policymakers engaged in deliberations and decision-
making about the status of a single-dose HPV vaccine schedule.
Specifically, we offer a “roadmap” of three ethical considera-
tions (Table 1) that we believe offer a constructive set of
navigation aids to help keep ethical considerations tightly
linked to the adjudication of emerging scientific evidence and
contextual considerations.”> These ethical parameters encou-
rage a healthy tension between narrow interpretations of effi-
cacy and effectiveness and broader considerations of the
potential social value of a single-dose schedule, against the
backdrop of crushing global disparities in HPV and cancer
prevalence between HICs and LMICs.
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