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ABSTRACT
We investigated the relationship between high-grade cervical disease (cervical intraepithelial neoplasia
[CIN] 2, CIN3 or adenocarcinoma in situ) and persistent infection with HPV16 and/or HPV18 (HPV16/18)
among 3970 women who received placebo in 3 clinical trials of a quadrivalent HPV vaccine. Statistical
analysis (odds ratios, sensitivity, specificity, negative and positive predictive values, negative and positive
likelihood ratios) showed that patients with a persistent infection with HPV16/18 had a much greater risk
of HPV16/18-related high-grade cervical disease. Furthermore, subjects without a persistent infection with
HPV16/18 were unlikely to have HPV16/18-related high-grade cervical disease. These results suggest that
persistent infection with HPV16/18 meets the criteria for a surrogate endpoint for HPV16/18-related high-
grade cervical disease and may be used as such in future clinical studies with prophylactic HPV vaccines
and in natural history studies.
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Introduction

There are several potential endpoints for HPV-related high-
grade cervical disease in clinical studies of vaccines or natu-
ral history studies. Using cancer as an endpoint is unethical
and impractical. Most invasive cancers take 2-3 decades to
occur after initial infection with oncogenic HPV and there
are effective secondary prevention strategies to treat the
obligate intra-epithelial precursors to cervical cancer, that
is, cervical intraepithelial neoplasia (CIN) grade 2-3. CIN2-
3 and adenocarcinoma in situ (AIS) (abbreviated as
CIN2C) have been accepted by the US. Food and Drug
Administration and the World Health Organization as an
endpoint in clinical trials of HPV vaccines.1-3 CIN1 or a
single detection of HPV infection are not considered
acceptable endpoints, as CIN1 usually clears spontaneously
and a single detection of HPV infection usually does not
progress to HPV-related high-grade cervical disease.4 A
meta-analysis of 86 studies found that persistent infection
with high-risk HPV was the strongest risk factor for high-
grade cervical precancers.5 An earlier meta-analysis of 41
studies found that HPV persistence was consistently and
strongly associated with CIN2-3/high-grade squamous
intraepithelial lesions.6

The evidence is robust that persistent infection with
HPV is the major risk factor for HPV-related high-grade
cervical disease.5,6 The justification of using persistent
infection with HPV16 and/or HPV18 (HPV16/18) as a
surrogate endpoint for high-grade cervical disease
(CIN2C) related to those HPV types is the focus of this
communication.

Results

The proportion of subjects who received placebo, who were
na€ıve to HPV16/18 at day 1, and subsequently had HPV16/18-
related persistent infection of 6- or 12-months duration was
368/3689 (10.0%) or 249/3689 (6.7%), respectively (Table 1).
Thirty-nine of 3689 subjects (1%) who received placebo were
diagnosed with HPV16/18-related high-grade cervical disease
within the follow-up period of the study (Table 1). The major-
ity (38/39) of subjects diagnosed with HPV16/18-related high-
grade cervical disease were HPV16/18 DNA positive in cervical
swabs on at least one occasion prior to diagnosis (Fig. 1 and
Table 1). The median duration of HPV16/18-related persistent
infection prior to diagnosis of HPV16/18-related high-grade
cervical disease was 8.3 months (mean D 12.0 months; inter-
quartile range D 5.8 to 17.7 months). One patient was diag-
nosed with HPV16-related CIN2C and this CIN2C lesion was
also coinfected with HPV39 and HPV52. This patient had no
prior HPV16 DNA positivity in swabs or tissue samples before
the diagnosis of HPV16-related CIN2C, but was positive for
HPV39 in swabs at each visit of the study starting from Day 1.
Thus, it is reasonable to infer that HPV39 was the causative
type for disease in that patient. Note that 211 subjects with 12-
month HPV16/18-related persistent infections and 330 subjects
with 6-month HPV16/18-related persistent infections did not
develop HPV16/18-related CIN2C during the follow-up period
(Table 1); the difference comprises subjects clearing the infec-
tion or those with less than 12 months persistence by the end
of the study.

Prentice proposed 4 statistical conditions which a valid sur-
rogate endpoint should satisfy.7 These are: 1) the treatment has
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a significant effect on the surrogate endpoint; 2) the treatment
has a significant effect on the true endpoint; 3) the surrogate
endpoint has a significant effect on the true endpoint; and 4)
the full effect of the treatment upon the true endpoint is cap-
tured by the surrogate. The case of HPV16/18-related persistent
infection as a surrogate for high-grade disease using criteria 1
and 2 are satisfied, as the vaccine is highly efficacious for cervi-
cal disease related to vaccine types8,9 and efficacy for 6-month
and 12-month persistent infection for HPV16/18 in the 3 stud-
ies combined was 96.2% (95% CI: 92.9, 98.2) and 95.8% (95%
CI: 91.1, 98.3) in the per-protocol population.8,9 Criterion 3 is
satisfied, as shown by the analyses summarized in Table 2.
Crude odds ratios were high (250–750) for both 6-month and
12-month persistent infections, indicating a much greater risk
of disease for those who have persistent infection. Negative pre-
dictive values were all 1.0, indicating that it is virtually impossi-
ble to develop HPV16/18-related disease without a preceding
HPV16/18 infection. Positive predictive values ranged from
0.052 to 0.165, indicating that a small proportion of subjects

with an HPV16/18-related persistent infection will develop
HPV16/18-related high-grade cervical disease, although this is
dependent upon disease prevalence and duration of follow-up.
Specificity was 91–98%, indicating that there were a high pro-
portion of subjects without high grade cervical HPV16/18-
related disease who also did not have an HPV16/18-related per-
sistent infection. High sensitivity (97–100%) indicated that
there were few false negatives (subjects who had high-grade
cervical disease but did not have HPV16/18 persistent infec-
tion). Finally, the high positive likelihood ratios indicated that
HPV16/18-related persistent infection may be a strong predic-
tor of HPV16/18-related high-grade cervical disease.

Criterion 4, the most stringent criterion for surrogacy, was
assessed by modeling the true endpoint (high-grade cervical
disease) as a function of treatment, with or without the surro-
gate in the model. If persistent infection is a good surrogate,
the size of the vaccine effect will be much reduced, and not sta-
tistically significant. The “proportion explained’ is the percent-
age reduction in the treatment effect after adjustment for the
surrogate. Regardless of infection duration, the addition of per-
sistent infection to the model rendered the vaccine effect non-
significant, and the magnitude of the vaccine effect was reduced
by 75–83%. This suggests the effect of the vaccine on high-
grade cervical disease is mediated through it’s impact on persis-
tent infection.

Discussion

Our findings suggest that HPV16/18-related persistent infec-
tion may be a suitable surrogate marker for HPV16/18-related
high-grade cervical disease because persistent infection met all
of the 4 Prentice criteria for surrogacy.7 In addition to the
established impact of HPV vaccines on both persistent

Table 1. HPV 16/18-related CIN2C by prior 6-month or 12-month HPV16/18 per-
sistent infection. Subjects received placebo and were na€ıve to the relevant HPV
type at day 1.

Duration
of Prior
Persistent
Infectiona

Total
Number

of Subjects

Number of
Subjects with
HPV16/18-

Related CIN2C

Number of
Subjects Without

HPV16/18-
Related CIN2C

12 month 249 38b 211
None 3440 1c 3439
6 month 368 38b 330
None 3321 1c 3320

aPrior persistent infection with same type detected in CIN2C.
b32 subjects with HPV16-related CIN2C; 6 subjects with HPV18-related CIN2C.
cHPV16-related CIN2C.

Figure 1. Timeline of HPV16/18 positivity in subjects who developed HPV16/18-related CIN2C. Each horizontal line corresponds to one of the 39 cases; the horizontal axis
shows time since entering the study. Circles indicate cervical swab sampling visits: open circles are shown when the subject was HPV DNA negative to the type which was
later present in the disease; closed circles show DNA positivity to that HPV type. The closed triangle indicates the diagnosis of HPV16/18-related CIN2, CIN3 or AIS. Though
the definition of persistent infection allowed for a swab or biopsy sample to be positive for the same HPV type after a pathology panel diagnosis of disease, in all of the
cases shown in Figure 1, the persistent infection was detected prior to definitive therapy.
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infection and high grade cervical disease, this paper demon-
strates that persistent infection is strongly associated with high-
grade cervical disease; and that efficacy against high-grade cer-
vical disease is fully mediated through the effect on persistent
infection. Thus, all the statistical criteria for a surrogate end-
point of HPV persistent infection were fulfilled.

The Prentice criteria are stringent and the evaluation of
surrogate endpoints cannot be assessed using only statistical
evidence, but should also consider clinical and biological out-
comes.11 One of the greatest advances in cancer research in
the last 2 decades has been the demonstration that infection
with certain types of HPV is a necessary cause of cervical can-
cer.12,13 Using surrogate endpoints in the development of pro-
phylactic vaccines is necessary, as the use of a cervical cancer
as endpoint is unethical. Using persistent infection instead of
disease endpoints would allow for smaller clinical studies and
faster development. However, the use of persistent infection
rather than the currently accepted endpoint of CIN2C will
require a definition of HPV persistent infection to be estab-
lished and agreed upon: should it be 6 months, 12 months or
some other duration? In this analysis, some measures of asso-
ciation (specificity; positive predictive values; positive likeli-
hood ratios) were stronger for 12-month HPV persistent
infection compared to 6-month persistent infection but other
measures (sensitivity and negative predictive values) were
similar for 6-month and 12-month persistent infections. Our
study has limitations: it is not clear if the strong relationship
reported here between persistent infection and CIN2C for
HPV16/18 will apply equally to other high-risk HPV types. It
will be difficult to assess the relationship for less prevalent
HPV types, due to the scarcity of related CIN2C cases. In
addition, if a virological end-point is to be used as a primary
end-point in vaccine clinical trials, there must be high sensi-
tivity, specificity, and reproducibility of the genotyping meth-
ods.14 One of the studies included here was in women aged
24–45 years; the results in that study are consistent with those
in younger women, but the relative scarcity of cases (8 out of
39 total) prevent definitive conclusions. With follow-up peri-
ods longer than those used in these studies (4 or 5 years), it is
likely that some of the agreement measures reported here
would be even stronger, as women continued to develop
high-grade cervical disease if infected. Nonetheless, our study
suggests that persistent infection with HPV16/18 may serve as
a clinically useful endpoint in clinical studies of prophylactic
HPV vaccines.

Material and methods

Analyses

This study analyzed the relationship between persistent
HPV16/18-related infection and subsequent development of
HPV16/18-related high-grade cervical disease among 3970
women who were randomized to the placebo arm of one of 3
clinical trials of a quadrivalent HPV vaccine. The number of
women who received a placebo in each of the 3 trials were 1907
women 24 to 45 y of age (Protocol-019, a Phase III study),15

1788 women 16 to 26 y of age (Protocol-012, a substudy of a
Phase III study [FUTURE I] ),8 and 275 women 16 to 23 y of
age (Protocol-007, a Phase II study).16 Women were followed
up for 4 y (Protocols-019 and ¡012) or 5 y (Protocol-007).

In each study, comprehensive anogenital examinations were
conducted at each scheduled visit at which time an endo/ecto-
cervical swab (one specimen) and a combined labial/vulvar/
perineal plus a perianal swab (pooled to become second speci-
men) were collected. The swabs were tested for 14 HPV types
(6/11/16/18/31/33/35/39/45/51/52/56/58/59) using a PCR-
based assay.16-18 Cerivcal biopsy and excisional specimens (i.e.
endocervical curettage, loop electrosurgical excision procedure,
or conization [cold knife/laser]) were formalin fixed, paraffin
embedded, and cut into 4-mm thin sections, as previously
described.8,9 Adjacent histologic sections of each sample were
read for end-point determination (i.e., CIN2, CIN3, AIS, or cer-
vical cancer) by a panel of 4 pathologists who were blinded to
treatment group and HPV status. The disease was determined
to be HPV16/18-related if HPV16/18 DNA was detected in an
adjacent section from the same tissue block, as previously
described.16-18 Persistent infection and disease were determined
specific to each type, without reference to other HPV types that
may have been detected in the same subject or specimen. Sub-
jects infected with HPV16/18 at enrollment were excluded.

Definition of persistent infection

In the context of the clinical trials, persistent infection was
defined as detection of HPV by PCR testing over multiple visits
covering a specified time interval with no intervening negative
results. For the most part, infection was detected from the swab
samples collected at 6-monthly scheduled visits.16 However, in
order to comprehensively capture all infections from all speci-
mens collected in the studies, a more complex definition was
developed, incorporating tissue samples (i.e. cervical biopsy

Table 2. Statistical summary measures of the relationship between HPV16/18-related persistent infection (6-month and 12-month) and HPV16/18-related CIN2C.

Duration of
Prior HPV
Persistent
Infectiona

HPV
Type

Odds Ratio
(95% CI)

Sensitivity
(95% CI)

Specificity
(95% CI)

Positive
Predictive

Value (95% CI)

Negative
Predictive

Value (95% CI)

Positive
Likelihood

Ratio (95% CI)

Negative
Likelihood

Ratio (95% CI)

6-month HPV16/18 257.9 (50.3, 1322.9) 97% (93, 100) 91% (90, 92) 0.103 (0.072, 0.134) 1.00 (0.99, 1.00) 10.8 (9.4, 11.4) 0.03 (<0.01, 0.20)
HPV16 250.1 (48.4, 1291.8) 97% (91, 100) 92% (91, 93) 0.113 (0.076, 0.150) 1.00 (0.99, 1.00) 12.2 (10.5, 13.3) 0.03 (0.01, 0.23)
HPV18 408.6 (22.9, 7298.8) 100% (NA) 97% (96, 98) 0.052 (0.012, 0.093) 1.00 NA 32.6 (27.5, 39.9) 0.00 (NA)

12-month HPV16/18 417.4 (81.2, 2145.6) 97% (93, 100) 94% (94, 95) 0.153 (0.108, 0.197) 1.00 (0.99, 1.00) 16.9 (14.4, 18.6) 0.03 (NA)
HPV16 397.3 (76.7, 2057.1) 97% (91, 100) 95% (94, 96) 0.165 (0.113, 0.217) 1.00 (0.99, 1.00) 18.8 (15.8, 21.1) 0.03 (NA)
HPV18 750.0 (41.8, 13464.4) 100% (NA) 98% (98, 99) 0.091 (0.022, 0.160) 1.00 NA 59.2 (46.7, 78.7) 0.00 (NA)

aPrior HPV persistent infection with same HPV type detected in CIN2C.
CID Confidence Interval
NA D Not applicable
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and excisional specimens) as well as swabs. In this study, persis-
tent infection was defined as either (i) detection of the same
HPV type (i.e., HPV16 or HPV18) in genital swabs or tissue
samples at �2 consecutive visits spaced �6 or �12 months
apart; or (ii) a biopsy showing high-grade disease associated
with HPV16 or HPV18, with DNA for that same type found in
the swab or tissue sample obtained at the visit directly before or
after the biopsy (regardless of interval). ‘Duration of infection’
as presented here is strictly duration prior to the diagnosis of
CIN2C: the time from first PCR positive sample to the biopsy
showing CIN2C. No post-diagnosis period of infection (if it
existed) was used.

The relationship between persistent infection and high-
grade cervical disease was quantified by odds ratios, sensitivity
and specificity,19 predictive values,20 and likelihood ratio statis-
tics.10 If a zero cell count made a statistic undefined, 0.5 was
added to each cell in the table. Confidence intervals (CI) for
likelihood ratios were generated by bootstrapping; where this
failed to produce an interval, the method of Simel et al.21 was
used. Adequacy of persistent infection as a surrogate endpoint
for CIN2C was assessed via the Prentice criteria.7 The fourth
Prentice criterion was assessed by both a Cox proportional haz-
ards model using time to HPV16/18-related CIN2C as the
dependent variable, and by a logistic regression model using
incidence of HPV16/18-related CIN2C or worse as the depen-
dent variable.14 In both models we adjusted for age.

Abbreviations

AIS adenocarcinoma in situ
CIN cervical intraepithelial neoplasia
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