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ABSTRACT

BACKGROUND

Multidose human papillomavirus (HPV) vaccination is efficacious, yet the vaccine
has been underused globally. Emerging data suggest that a single dose may pro-
vide protection. Whether a single dose of HPV vaccine would provide similar pro-
tection to two doses is uncertain.

METHODS

In this trial, we assessed whether one dose of an HPV vaccine was noninferior to
two doses. Girls 12 to 16 years of age were randomly assigned, in a 1:1:1:1 ratio,
to receive one or two doses of a bivalent HPV vaccine or one or two doses of a
nonavalent HPV vaccine. The primary end point was new HPV type 16 or 18 infec-
tion occurring from month 12 to month 60 and persisting for at least 6 months.
The prespecified noninferiority margin was 1.25 infections per 100 participants.
We also assessed vaccine effectiveness by comparing HPV16 or HPV18 infection
among the trial participants with that among girls and women enrolled in a non-
randomized survey.

RESULTS

A total of 20,330 participants were enrolled and underwent randomization, and
3005 unvaccinated participants were enrolled in the survey. The noninferiority
analysis showed that one vaccine dose was noninferior to two doses in preventing
HPV16 or HPV18 infection. The rate difference between one and two doses of the
bivalent vaccine was —0.13 infections per 100 participants (95% confidence interval
[CI], —0.45 to 0.15; P<0.001 for noninferiority), and the difference between one and
two doses of the nonavalent vaccine was 0.21 infections per 100 participants (95%
CI, —0.09 to 0.51; P<0.001 for noninferiority). The vaccine effectiveness was at least
97% in each of the four trial groups. No safety concerns were identified.

CONCLUSIONS

One dose of either a bivalent or nonavalent HPV vaccine provided protection
against HPV16 or HPV18 infection and was not inferior to two doses. (Funded by
the National Cancer Institute and others; ESCUDDO ClinicalTrials.gov number,
NCT03180034.)
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ERSISTENT HUMAN PAPILLOMAVIRUS (HPV)

infection can cause cervical cancer, and

77% of the global burden of cervical can-
cer is attributable to HPV types 16 and 18.! HPV
vaccination could prevent most cervical cancers,
but access remains inadequate: nearly 20 years
after recommendation by the World Health Or-
ganization (WHO), only 27% of adolescent girls
worldwide have been vaccinated.? Countries where
vaccination is not yet available or where access is
limited bear 90% of the burden of cervical can-
cer and related deaths because most women in
these countries also lack access to cervical can-
cer screening and treatment.?

In a post hoc analysis in the Costa Rica HPV
Vaccine Trial,* we found that protection against
persistent HPV16 or HPV18 infection among
women in a randomized population who received
three doses of a bivalent vaccine was similar to
that among women in a nonrandomized popu-
lation who had received one dose, despite lower
levels of antibodies among those who received
one dose; the antibody levels in both groups re-
mained protective a decade after vaccination.” Ad-
ditional nonrandomized data from India® and a
randomized, controlled efficacy trial in Kenya’
showed a high efficacy for a single dose of HPV
vaccine. Sustained immune responses were ob-
served in these studies, as well as in a trial con-
ducted in Tanzania.?

The double-blind, randomized, controlled
ESCUDDO trial>!® evaluated the noninferiority
of one dose of a bivalent or nonavalent HPV vac-
cine to the respective two-dose regimens in the
prevention of cervicovaginal HPV16 or HPV18
infection over a period of 5 years. The trial also
used a survey of unvaccinated participants to as-
sess vaccine effectiveness. The bivalent and non-
avalent vaccines were chosen because they are
approved by the Food and Drug Administration
and prequalified by the WHO but differ in va-
lency, adjuvant, and protection against different
HPV types.

METHODS

TRIAL DESIGN AND PARTICIPANTS

The trial was approved and supervised by re-
search ethics committees in Costa Rica and the
United States. The primary research ethics com-
mittee was the committee in Costa Rica. The
trial was supervised first by the committee of
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the Costa Rican Clinical Research Institute and
then by the committee of the Hospital Clinica
Biblica. Written assent was obtained from par-
ticipants younger than 18 years of age, and writ-
ten consent was obtained from their parents or
guardians. Participants 18 years of age or older
provided written informed consent. The funders
had no role in the design of the trial, the collec-
tion and analysis of the data, the preparation and
content of the manuscript, or the decision to sub-
mit the manuscript for publication.

Participants 12 to 16 years of age from more
than 200 districts in Costa Rica were enrolled for
the randomized portion of the trial® from No-
vember 29, 2017, to February 28, 2020. HPV vac-
cination was not provided by the Costa Rican
government to girls in this age range at any point
during the trial period (the National Immuniza-
tion Program started vaccination of 10-year-old
girls in 2019). To prevent inducing herd protec-
tion as a consequence of the trial, we restricted
enrollment to 35% or less of the girls in any dis-
trict by recruiting from randomly selected mini-
mal geostatistical units.

Participants had to be in good health and
could not have received any previous HPV vacci-
nation (full eligibility criteria are provided in the
protocol, available with the full text of this article
at NEJM.org).? After enrollment, participants were
randomly assigned to receive a bivalent (HPV16
and HPV18) AS04-adjuvanted vaccine (Cervarix,
GlaxoSmithKline Biologicals) or a nonavalent
(HPV6, HPV11, HPV16, HPV18, HPV31, HPV33,
HPV45, HPV52, and HPV58) aluminum-adjuvanted
vaccine (Gardasil 9, Merck Sharp and Dohme). Six
months later, the participants underwent ran-
domization again to receive either a second dose
of the assigned vaccine or a tetanus, diphtheria,
and pertussis vaccine (Adacel, Sanofi Pasteur) as
a control to maintain blinding (details regarding
randomization and blinding are provided in the
Supplementary Methods section in the Supple-
mentary Appendix, available at NEJM.org). Partici-
pants were followed every 6 months for 5 years;
girls younger than 15 years of age were followed
annually until their 15th birthday and were then
followed every 6 months. The trial-group assign-
ments were concealed until the database lock on
April 2, 2025.

For the nonrandomized survey, we enrolled
girls and women 16 to 21 years of age from the
geostatistical units that were not randomly se-

DECEMBER 18/25, 2025

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org at Robert Koch-Institut (RK1) on February 10, 2026.



NONINFERIORITY OF ONE HPV VACCINE DOSE TO TWO DOSES

lected for the enrollment of trial participants.
Survey enrollment coincided with the 4.5-year
visit for the trial participants. The inclusion cri-
teria were generally the same as those for the
trial participants. The survey participants attend-
ed an enrollment visit as well as a second clinic
visit approximately 6 months later. On the basis
of the premise that HPV vaccination does not
alter the outcome of an established infection, the
survey participants were offered two doses of
the HPV vaccine as a benefit to participation.

PROCEDURES

At each visit, a participant-collected cervico-
vaginal specimen was obtained from trial par-
ticipants who were 15 years of age or older
and from all survey participants, regardless of
whether they reported that they had become
sexually active. Participants used a Dacron swab
for collection, which was immediately placed
in 2 ml of PreservCyt. The trial participants and
survey participants completed questionnaires that
addressed schooling, cigarette smoking, pubertal
development, and (among participants >15 years
of age) sexual history. Adverse events, both seri-
ous and nonserious, were coded and reported
according to the International Classification of Dis-
eases, 10th Revision, and were monitored until reso-
lution, regardless of whether they were consid-
ered to be related to vaccination.

HPV TESTING

TypeSeq2, a targeted sequencing assay that has
been shown to detect 46 HPV types with high
positive agreement in repeated testing and against
established assays for most carcinogenic and
noncarcinogenic genotypes, was used for out-
come determination.”* Additional details are pro-
vided in the Supplementary Methods section in
the Supplementary Appendix.

END POINTS AND ANALYSES

The primary end point for the noninferiority
analysis was incident, persistent HPV16 or HPV18
infection (HPV16 or HPV18 infection that occurred
during the period from month 12 to month 60 and
persisted for at least 6 months). Incident infection
was defined as infection that occurred after nega-
tive HPV results had been shown at both enroll-
ment and at month 6 (on the basis of cervico-
vaginal specimens [among participants >15 years
of age] or initiation of sexual activity as reported

by the participants who did not have HPV results
from a cervicovaginal specimen). Persistent in-
fection was defined as a positive test result of
the same HPV genotype at two consecutive trial
visits. The noninferiority analysis was performed
in the per-protocol population, which included
all the participants who had received both as-
signed doses (the two assigned HPV vaccine
doses or one HPV vaccine dose and one dose of
the control vaccine) and had no major protocol
deviations.

Vaccine effectiveness was assessed in the per-
protocol population and among survey partici-
pants who had no major protocol deviations. For
the analysis of vaccine effectiveness, HPV16 or
HPV18 infection was assessed at month 54 and
month 60 among trial participants and at month
0 (the enrollment visit) and month 6 (the second
visit) among survey participants. The definition
of the end point for the survey is described be-
low, in the Statistical Analysis section. Trial par-
ticipants with missing data at month 54 and
month 60 and survey participants with missing
data at month 0 and month 6 were excluded be-
cause they would have contributed no data for the
estimation of vaccine effectiveness. Details re-
garding secondary end points, which addressed
other HPV types, are provided in the Supplemen-
tary Methods section in the Supplementary Ap-
pendix.

STATISTICAL ANALYSIS

The noninferiority of one dose to two doses was
assessed on the basis of the difference in the
rate of incident, persistent HPV16 or HPV18 in-
fection between one dose and two doses of each
vaccine.”” The prespecified noninferiority margin
was 1.25 infections per 100 participants. This
margin was selected to provide convincing evi-
dence that the vaccine efficacy of one dose is
more than 80%. We believe an efficacy exceed-
ing 80% would provide substantial public health
utility, especially given the additional benefits of
indirect protection conferred by high vaccine
coverage. Given that the expected efficacy of two
doses was 93.6%, and on the basis of infection
rates observed in the original Costa Rica HPV
Vaccine Trial,° a one-dose efficacy of more than
80% would be equivalent to a difference in the
infection event rate between one and two doses
that is smaller than 1.25 infections per 100 par-
ticipants (0.092 x [0.936—-0.8]=0.0125; i.e., if we
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followed an unvaccinated population for 5 years,
the event rate of HPV infection would be 9.2%1).
The 95% confidence interval was calculated with
the use of the Farrington—Manning approach."
If the upper bound of the 95% confidence inter-
val was less than or equal to 1.25 infections per
100 participants, the null hypothesis of inferior-
ity would be rejected at a one-sided significance
level of 0.025. In the secondary analyses, one
additional noninferiority margin was prespeci-
fied for the comparison of one dose with two
doses for protection against the carcinogenic
HPV types included in the nonavalent vaccine
formulation: a noninferiority margin of 2.55 in-
fections per 100 participants was considered to
be equivalent to the difference in the event rate
with a one-dose efficacy of 80% and a two-dose
efficacy of 93.6%, under the assumption of an
event rate of 18.8% in an unvaccinated popula-
tion. Additional details, including details regard-
ing the assessment of all secondary end points,
are provided in the Supplementary Methods sec-
tion in the Supplementary Appendix.

The effectiveness of one dose or two doses of
each vaccine was estimated by comparing the
rates of incident, persistent HPV16 or HPV18
infection among the survey participants (at
month 0 and month 6) with the rates in each
trial group (at month 54 and month 60).2° Two
adjustments were made when we calculated the
vaccine effectiveness. First, to align the end point
among the trial participants (incident, persis-
tent HPV infection) with that among the survey
participants (persistent HPV infection), we esti-
mated the proportion of prevalent, persistent
infections that occurred in the trial and sub-
tracted this value from the infection rates esti-
mated for the survey (a prevalent infection was
defined by a positive HPV result at either enroll-
ment or month 6, and a persistent infection was
defined by a positive HPV result of the same
genotype at both month 54 and month 60). Sec-
ond, because the survey participants did not
undergo randomization, we used propensity-score
adjustment to account for possible differences in
covariate distributions (i.e., age, geographic re-
gion, and sexual activity) between the trial par-
ticipants and survey participants. The 95% con-
fidence interval for vaccine effectiveness was
calculated with the use of the nonparametric
bootstrap method with 500 replicates. We then
tested the null hypothesis: if the lower bound of

the 95% confidence interval of the vaccine ef-
fectiveness was greater than 0.80, the null hy-
pothesis of low vaccine effectiveness would be
rejected at a one-sided significance level of 0.025.

Both the noninferiority analysis and the analy-
sis of vaccine effectiveness account for missing
HPV data to more accurately estimate the event
rate. The full details regarding the methods for
handling missing data are provided in the Supple-
mentary Appendix® and in the prespecified sta-
tistical analysis plan (available with the protocol).
In brief, for each HPV type, if there was a data
gap for a participant such that definitive inci-
dent, persistent infection (or the absence of in-
fection) could not be determined, a “reference
group” of similar girls and women with com-
plete HPV data within the gap was used; there-
fore, the probability of any infection patterns
during the gap could be calculated for that par-
ticipant. With this method, we calculated the
expected number of events (observed plus esti-
mated) in each trial group. Among all the trial
groups, 73.2% of the events were observed (ei-
ther there was no missing data or missing data
did not affect the identification of events), and
the remaining 26.8% were estimated on the basis
of the probability calculation for the gaps. We
performed a sensitivity analysis that was restricted
to the observed events. The analyses were per-
formed with the use of SAS software, version 9.4
(SAS Institute).

RESULTS

PARTICIPANTS

A total of 20,330 participants were enrolled and
underwent randomization. After the exclusion of
868 participants, 4880 were assigned to receive
one dose of the bivalent vaccine, 4880 to receive
two doses of the bivalent vaccine, 4851 to re-
ceive one dose of the nonavalent vaccine, and
4851 to receive two doses of the nonavalent vac-
cine (Fig. 1). Two participants had major proto-
col deviations and were excluded from the non-
inferiority analysis. Vaccine efficacy was assessed
in 4068 participants in the one-dose bivalent
vaccine group, 4040 in the two-dose bivalent vac-
cine group, 4109 in the one-dose nonavalent
vaccine group, and 4083 in the two-dose non-
avalent vaccine group. A total of 3005 unvacci-
nated girls and women were enrolled in the
survey. After the exclusion of 15 participants who
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had missing HPV test results, 2990 were in-
cluded in the analysis of vaccine effectiveness.
Enrolled participants attended 91.6% of the trial
visits and 95.6% of survey visits. Adherence to
collection of cervicovaginal specimens exceeded
94% (Table S4 in the Supplementary Appendix).

Randomization variables and other covariates
were balanced across the trial groups (Tables S1
and S2). The characteristics of the survey partici-
pants were similar to those of the trial partici-
pants, including the time of initiation of sexual
activity (Table S3), as well as the risk of HPV in-
fection, as evidenced by the similar prevalence
and distribution of noncarcinogenic HPV geno-
types among the trial participants and the sur-
vey participants (Fig. S1).

NONINFERIORITY ANALYSIS

In the analysis of the primary end point (inci-
dent, persistent HPV16 or HPV18 infection), one
dose was noninferior to two doses for both vac-
cines. The rate difference between one and two
doses of the bivalent vaccine was —0.13 infec-
tions per 100 participants (95% confidence in-
terval [CI], —0.45 to 0.15; P<0.001 for noninferi-
ority), which indicates that every 100 participants
who received one dose of the vaccine had 0.13
fewer infections within 5 years after vaccination
than those who received two doses (Table 1).
The rate difference between one and two doses
of the nonavalent vaccine was 0.21 infections per
100 participants (95% CI, —0.09 to 0.51; P<0.001
for noninferiority), which indicates that every
100 participants who received one dose had 0.21
additional infections within 5 years after vacci-
nation than those who received two doses (Ta-
ble 1). The numbers of observed events were
evenly distributed from month 24 to the end of
follow-up and therefore did not show evidence of
waning protection (Table S11). The differences
in event rates of HPV16 and HPV18 infection in-
dividually between one and two doses were 0.14
or fewer infections per 100 participants for both
vaccines (Table S6). As a sensitivity analysis, the
primary noninferiority analysis was conducted
with the use of observed events only (52 events)
and yielded similar results to those of the main
analysis (Table $12).

We also assessed noninferiority for the preven-
tion of any of the seven carcinogenic HPV types
included in the nonavalent vaccine formulation:
the observed rate difference was 0.56 infections

per 100 participants (95% CI, 0.01 to 1.11; P<0.001
[noninferiority margin, 2.55 infections per 100
participants]), a finding that shows that one dose
was noninferior to two doses (Table 1). Among
the participants who received the bivalent vaccine,
the rate differences for infection with HPV31
(which is not included in the bivalent vaccine
formulation) that were observed between one
and two doses suggested that protection against
this HPV type might be greater with two doses
(Table S6).

ANALYSIS OF VACCINE EFFECTIVENESS

With respect to the effectiveness of the vaccines
in preventing HPV16 or HPV18 infection that
persisted for at least 6 months, the effectiveness
of one dose of the bivalent vaccine was 98.2%
(95% CI, 96.1 to 99.6), of two doses of the biva-
lent vaccine was 97.8% (95% CI, 95.6 to 99.3), of
one dose of the nonavalent vaccine was 97.0%
(95% CI, 94.3 to 99.1), and of two doses of the
nonavalent vaccine was 98.5% (95% CI, 96.7 to
99.7) (Table 2 and Fig. S2). In secondary analyses,
vaccine effectiveness against HPV16 and HPV18
infection individually was at least 97.1% in each
of the four groups (Table 3). The effectiveness of
the nonavalent vaccine against the secondary end
point of incident, persistent HPV infection with
any of the seven carcinogenic HPV types includ-
ed in the nonavalent vaccine formulation was
94.5% (95% CI, 92.3 to 96.6) for one dose and
95.8% (95% CI, 93.8 to 97.6) for two doses (Ta-
ble 2). The effectiveness of one and two doses
against all the individual HPV types included in
the nonavalent vaccine formulation was at least
90%, with the exception of HPV11 (the preva-
lence of infection with this type in the two-dose
group was too low to give a precise estimate of
effectiveness) (Table 3). The effectiveness of the
bivalent vaccine against HPV31 was 38.3% (95%
CI, 18.1 to 54.1) with one dose and 82.6% (95% CI,
73.9 to 88.8) with two doses; the effectiveness
against HPV45 was 58.8% (95% CI, 28.4 to 78.5)
with one dose and 72.1% (95% CI, 46.0 to 87.1)
with two doses (Table 3). The results for effec-
tiveness with respect to the secondary end points
are reported in Table S8. The results of the sen-
sitivity analysis, which used observed outcomes
only, were similar to those of the primary analy-
sis (Table S13). In the intention-to-treat analy-
sis, the rate differences were similar to those
in the per-protocol analyses (Table S9), and the
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Figure 1 (facing page). Enrollment, Randomization,
and Follow-up.

Trial participants were excluded from the analysis of
vaccine effectiveness if they had missing results for
human papillomavirus (HPV) infection at both month
54 and month 60 and survey participants were excluded
if they had missing results at month 0 (the enrollment
visit) and month 6 (the second visit) because they
would have contributed no data for the estimation of
vaccine effectiveness. The survey participants did not
undergo randomization.

effectiveness against HPV16 or HPV18 infection
was at least 92% in each of the four trial groups
(Table S10).

Serious adverse events that were considered
by the investigators to be “possibly, probably, or
definitely related to HPV vaccination” occurred
in 7 of 20,330 trial participants (0.03%) over a
period of 5 years (Table S14). Nonserious adverse
events are shown in Table S15. No pattern was
observed in safety data.

DISCUSSION

After 5 years of follow-up, a single dose of either
a bivalent or nonavalent HPV vaccine provided
similar protection to that of two doses, which is
the standard regimen for adolescents. Assess-
ment of the timing of the events over the 5-year
trial period indicated that protection persisted
through at least 5 years. The primary end point
assessed infection with HPV16 or HPV18, the two
HPV genotypes that account for more than 77%
of cervical cancers worldwide. We observed that
one dose of the nonavalent vaccine was noninferior
to two doses with respect to protection against the
seven carcinogenic HPV types in the vaccine for-
mulation, which account for approximately 95% of
cervical cancers.! A single dose of the bivalent vac-
cine provided substantial protection against HPV45
infection, and two doses of the bivalent vaccine
conferred greater protection against HPV31 than
one dose. These single-dose results are consis-
tent with previous estimates from observational
studies in Costa Rica*® and India® and from the
KEN SHE randomized trial.”

Effectiveness against HPV16 or HPV18 infec-
tion was at least 97% in the one-dose groups,
with narrow confidence intervals, a finding that
supports projections™ that a single dose will pre-
vent most new infections and subsequent disease

associated with these types. Single-dose HPV
vaccine effectiveness was high with respect to
all HPV types included in the nonavalent vaccine
formulation, a result that emphasizes the even-
tual usefulness of increased valency in single-dose
vaccines to better control cervical cancer.

HPV vaccines comprise recombinant L1 major
capsid proteins that assemble into viruslike par-
ticles with a densely ordered repetitive array of
B-cell epitopes on their surface. These viruslike
particles are strong B-cell immunogens that can
induce sterilizing immunity in most vaccine re-
cipients and consistently induce high and dura-
ble titers of infection-inhibiting antibodies, even
after a single dose. In addition, HPVs are very
susceptible to antibody inhibition.* The vaccines
induce the production of long-lived plasma cells
that consistently produce antigen-specific anti-
bodies,” independent of additional antigen ex-
posure, even after a single dose. Because consis-
tent, long-term stabilization of antibodies after
a single dose had not been observed in subunit
vaccines before the development of HPV vaccines,
the current trial advances the science suggesting
that viruslike particles should be considered for
future vaccines.

Our trial had many strengths, including its
population-based design, well-powered sample
size for noninferiority and effectiveness assess-
ments, high participant adherence, excellent bal-
ance among groups, and the use of a comparator
group. We ensured the assessment of individual-
level effectiveness by enrolling no more than 35%
of the girls 12 to 16 years of age in any district in
the trial area so that the results would be gener-
alizable to settings where HPV vaccination has yet
to be introduced (i.e., areas that do not have herd
protection). The trial focused on the population at
greatest risk for HPV-driven cancer — adolescent
girls — and generated data that are applicable
to girls in other regions of the world (Table S16).

The trial had limitations. Our estimates of vac-
cine effectiveness were based on a control group
that consisted of participants who did not un-
dergo randomization but were similar to the trial
participants in relevant aspects, notably in the
almost identical distribution of low-risk HPV
types not included in the vaccine formulations.
For the analysis of vaccine effectiveness, we did
not have information about previous HPV infec-
tion rates among participants in the survey,
which limited our ability to create a per-protocol
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population; data obtained from age-matched trial
participants at enrollment facilitated the neces-
sary statistical adjustments to ensure compari-
son with the trial participants. We followed the
participants for 5 years, so longer-term durabil-
ity of response between one and two doses would
require additional monitoring. The prespecified
noninferiority margin that considered 80% effec-
tiveness to be noninferior to 93.6% may be con-
sidered to be too broad, but the sample-size re-
quirements for a smaller margin would have
been infeasibly large. Yet, the observed confi-
dence intervals for the estimates of rate differ-
ences indicate that the data are compatible with a
true difference in vaccine effectiveness between
one and two doses of no more than 5.5 percent-
age points (0.51+9.2, where 0.51 infections per
100 participants is the upper bound of the 95%
confidence interval for the rate difference be-
tween one and two doses of the nonavalent vac-
cine, and 9.2 infections per 100 participants is
the expected infection rate in an unvaccinated
population), which is much smaller than the pre-
specified margin of 13.6 percentage points for
the difference in vaccine effectiveness.

The trial was not designed to evaluate safety
because all the trial participants received at least
one HPV vaccine dose and participants in the
one-dose groups received a control vaccine. No
safety concerns were identified, a finding that is
consistent with that in our phase 3 Costa Rica
HPV Vaccine Trial.’® The safety profiles of these
commercial HPV vaccines have been evaluated
extensively in hundreds of millions of persons.

High-coverage HPV vaccination is a mainstay
of cervical cancer control efforts, but to date not
even one third of eligible adolescent girls world-
wide have received the vaccine, which has been

licensed for almost 20 years. The evidence from
this trial supports the WHO alternative recom-
mendation for single-dose HPV vaccination' to
achieve higher coverage while maintaining suf-
ficiently high efficacy.

The views expressed in this article are those of the authors
alone and do not necessarily represent the decisions, policy, or
views of the International Agency for Research on Cancer or the
World Health Organization.
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AUTHOR INFORMATION

Aimée R. Kreimer, Ph.D.,! Carolina Porras, M.S.,? Danping Liu,
Ph.D.,* Allan Hildesheim, Ph.D.,* Loretto J. Carvajal, M.D.,? Re-
beca Ocampo, M.D.,? Byron Romero, M.D.,> Mitchell H. Gail,
M.D., Ph.D.,} Bernal Cortes, Pharm.D.,> Monica S. Sierra,
Ph.D.,! Karla Coronado, B.S.,? Joshua Sampson, Ph.D.,! Caroli-
na Coto, M.S.,? Casey L. Dagnall, B.S.,* Daniela Mora, M.S.,?
Troy J. Kemp, Ph.D.,* Michael Zuniga, M.S.,? Ligia A. Pinto,
Ph.D.,* Gloriana Barrientos, R.N.,? John Schussler, B.S.,* Yenory
Estrada, Pharm.D.,? Cristian Montero, M.A.,2 Carlos Avila, B.
Sc.,? Dave Ruggieri, B.S.,® Jean T. Cyr, B.S.,* Stephen Chanock,
M.D.,! Douglas R. Lowy, M.D.,* John T. Schiller, Ph.D.,* and Ro-
lando Herrero, M.D.?’7

! Division of Cancer Epidemiology and Genetics, National Can-
cer Institute, Rockville, MD; 2Agencia Costarricense de Inves-
tigaciones Biomédicas, Fundacién INCIENSA, San José, Costa
Rica; *Cancer Genomics Research Laboratory, Frederick National
Laboratory for Cancer Research, Rockville, MD; #Vaccine, Immu-
nity, and Cancer Directorate, Frederick National Laboratory for
Cancer Research, Frederick, MD; ®Information Management
Services, Silver Spring, MD; ¢Center for Cancer Research, Na-
tional Cancer Institute, Bethesda, MD; ” International Agency for
Research on Cancer, World Health Organization, Lyon, France.

REFERENCES

1. WeiF, Georges D, Man I, Baussano I,
Clifford GM. Causal attribution of human
papillomavirus genotypes to invasive cer-
vical cancer worldwide: a systematic anal-
ysis of the global literature. Lancet 2024;
404:435-44.

2. Bruni L, Saura-Ldzaro A, Montoliu A,
et al. HPV vaccination introduction world-
wide and WHO and UNICEF estimates
of national HPV immunization coverage
2010-2019. Prev Med 2021;144:106399.

3. Bray F, Laversanne M, Sung H, et al.
Global cancer statistics 2022: GLOBOCAN

estimates of incidence and mortality world-
wide for 36 cancers in 185 countries. CA
Cancer J Clin 2024;74:229-63.

4. Kreimer AR, Rodriguez AC, Hildesheim
A, et al. Proof-of-principle evaluation of the
efficacy of fewer than three doses of a biva-
lent HPV16/18 vaccine. J Natl Cancer Inst
2011;103:1444-51.

5. Kreimer AR, Sampson JN, Porras C, et
al. Evaluation of durability of a single
dose of the bivalent HPV vaccine: the CVT
Trial. J Natl Cancer Inst 2020;112:1038-
46.

6. Basu P, Malvi SG, Joshi S, et al. Vac-
cine efficacy against persistent human
papillomavirus (HPV) 16/18 infection at
10 years after one, two, and three doses of
quadrivalent HPV vaccine in girls in India:
a multicentre, prospective, cohort study.
Lancet Oncol 2021;22:1518-29.

7. Barnabas RV, Brown ER, Onono MA,
et al. Durability of single-dose HPV vac-
cination in young Kenyan women: random-
ized controlled trial 3-year results. Nat Med
2023;29:3224-32.

8. Watson-Jones D, Changalucha J, Whit-

N ENGL J MED 393;24 NEJM.ORG DECEMBER 18/25,2025

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.

Downloaded from negjm.org at Robert Koch-Institut (RKI) on February 10, 2026.



NONINFERIORITY OF ONE HPV VACCINE DOSE TO TWO DOSES

worth H, et al. Immunogenicity and safe-
ty of one-dose human papillomavirus vac-
cine compared with two or three doses in
Tanzanian girls (DoRIS): an open-label,
randomised, non-inferiority trial. Lancet
Glob Health 2022;10(10):e1473-e1484.

9. Porras C, Sampson JN, Herrero R, et
al. Rationale and design of a double-blind
randomized non-inferiority clinical trial
to evaluate one or two doses of vaccine
against human papillomavirus including
an epidemiologic survey to estimate vac-
cine efficacy: the Costa Rica ESCUDDO
trial. Vaccine 2022;40:76-88.

10. Sampson JN, Hildesheim A, Herrero
R, Gonzalez P, Kreimer AR, Gail MH. De-
sign and statistical considerations for stud-
ies evaluating the efficacy of a single dose of
the human papillomavirus (HPV) vaccine.
Contemp Clin Trials 2018;68:35-44.

11. Sierra MS, Coto C, Porras C, et al.
Validation of TypeSeq2, a next-generation-
based sequencing assay for the detection
of 46 human papillomavirus genotypes,
at the US National Cancer Institute and
Costa Rica laboratories. J Infect Dis 2025
August 12 (Epub ahead of print).

12. Farrington CP, Manning G. Test sta-
tistics and sample size formulae for com-
parative binomial trials with null hy-
pothesis of non-zero risk difference or
non-unity relative risk. Stat Med 1990;9:
1447-54.

13. Bénard E, Drolet M, Laprise J-F, et al.
Potential population-level effectiveness of’
one-dose HPV vaccination in low-income
and middle-income countries: a mathe-
matical modelling analysis. Lancet Public
Health 2023;8(10):e788-¢799.

14. Schiller J, Lowy D. Explanations for

the high potency of HPV prophylactic vac-
cines. Vaccine 2018;36:4768-73.

15. Porras C, Romero B, Kemp T, et al.
HPV16/18 antibodies 16-years after single
dose of bivalent HPV vaccination: Costa
Rica HPV vaccine trial. J Natl Cancer Inst
Monogr 2024;67:329-36.

16. Hildesheim A, Wacholder S, Catteau
G, Struyf F, Dubin G, Herrero R. Efficacy
of the HPV-16/18 vaccine: final accord-
ing to protocol results from the blinded
phase of the randomized Costa Rica
HPV-16/18 vaccine trial. Vaccine 2014;32:
5087-97.

17. World Health Organization. Human
papillomavirus vaccines: WHO position pa-
per (2022 update). December 2022 (https://
www.who.int/publications-detail
-redirect/who-wer9750-645-672).

Copyright © 2025 Massachusetts Medical Society.

IMAGES IN CLINICAL MEDICINE

The Journal welcomes consideration of new submissions for Images in Clinical
Medicine. Instructions for authors and procedures for submissions can be found
on the Journal’s website at NEJM.org. At the discretion of the editor, images that
are accepted for publication may appear in the print version of the Journal,

the electronic version, or both.

N ENGL ) MED 393;24 NEJM.ORG

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.

DECEMBER 18/25, 2025

Downloaded from nejm.org at Robert Koch-Institut (RK1) on February 10, 2026.

2433

Copyright © 2025 Massachusetts Medical Society. All rights reserved, including those for text and data mining, Al training, and similar technologies.


https://www.who.int/publications-detail-redirect/who-wer9750-645-672
https://www.who.int/publications-detail-redirect/who-wer9750-645-672
https://www.who.int/publications-detail-redirect/who-wer9750-645-672

