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vaccine-types associated with lesions can help distinguish vaccine impact from screening effects. We
examined trends in prevalence of HPV 16/18 types detected in cervical intraepithelial neoplasia 2, 3, and
adenocarcinoma in situ (CIN2+) among women diagnosed with CIN2+ from 2008 to 2012 by vaccination
status. We estimated vaccine effectiveness against HPV 16/18-attributable CIN2+ among women who

Keywords: . . received >1 dose by increasing time intervals between date of first vaccination and the screening test
Human papillomavirus . .

HPV that led to detection of CIN2+ lesion.

Vaccine Methods: Data are from a population-based sentinel surveillance system to monitor HPV vaccine impact
Cervical intraepithelial neoplasia on type-specific CIN2+ among adult female residents of five catchment areas in California, Connecticut,
CIN New York, Oregon, and Tennessee. Vaccination and cervical cancer screening information was retrieved.
High grade cervical lesion Archived diagnostic specimens were obtained from reporting laboratories for HPV DNA typing.

Results: From 2008 to 2012, prevalence of HPV 16/18 in CIN2+ lesions statistically significantly decreased
from 53.6% to 28.4% among women who received at least one dose (Pyeng <.001) but not among unvacci-
nated women (57.1% vs 52.5%; Pyeng =.08) or women with unknown vaccination status (55.0% vs 50.5%;
Pyeng =-.71). Estimated vaccine effectiveness for prevention of HPV 16/18-attributable CIN2+ was 21%
(95% ClI: 1-37), 49% (95% Cl: 28-64), and 72% (95% CI: 45-86) in women who initiated vaccination 25-36
months, 37-48 months, and >48 months prior to the screening test that led to CIN2+ diagnosis.
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Conclusions: Population-based data from the United States indicate significant reductions in CIN2+ lesions
attributable to types targeted by the vaccines and increasing HPV vaccine effectiveness with increasing
interval between first vaccination and earliest detection of cervical disease.

Published by Elsevier Ltd.

1. Introduction

The discovery that persistent infection with certain human
papillomavirus (HPV) types is causally associated with cervical
cancer, and the subsequent development of vaccines to prevent
HPV-attributable cancers are among the most important mile-
stones in science and medicine [1,2]. Two HPV vaccines directed
against HPV 16 and 18, types that cause 70% of invasive and 50%
of pre-invasive cervical lesions worldwide, are currently available
[3,4]. In clinical trials, both HPV vaccines were highly efficacious
against vaccine type-associated cervical intraepithelial neoplasia
grades 2 and 3 and adenocarcinoma in situ (CIN2+), pre-invasive
lesions that may progress to cervical cancer if left untreated [5,6].

The real-world benefits of vaccination against associated can-
cers may not be evident for decades given the slow progression
from infection to invasive disease, but population impact against
earlier outcomes has already been demonstrated in numerous
settings worldwide [7-12]. In the United States, routine HPV vac-
cination has been recommended since June 2006 for females aged
11 or 12 years, through age 26 years in those not previously vacci-
nated [13]. However, coverage remains suboptimal. In 2013, fewer
than 57% of girls aged 13-17 years had received at least one dose of
quadrivalent HPV vaccine, which accounts for about 99% of all HPV
vaccines distributed in the United States [14], and only 38% had
completed the 3-dose series [15]; coverage in the older age group
has been even lower [16]. Despite low coverage, significant reduc-
tions in vaccine-type HPV prevalence have been shown in young
females [17].

Measuring vaccine impact on screening-detected cervical
lesions in the United States is more challenging given incomplete
reporting of adolescent vaccination to state-based immuniza-
tion registries, lack of national screening registries, and changing
screening recommendations. Over the past decade, the recom-
mended age for initiating cervical cancer screening has been raised
to 21 years and screening intervals have been increased, particu-
larly if HPV-based co-testing is used [ 18]. Monitoring vaccine-types
associated with lesions can help distinguish the impact of vaccina-
tion from the effects resulting from changing screening practices.

We previously reported preliminary results in the first few years
post-vaccine introduction on HPV vaccine effectiveness against
HPV 16/18-type CIN2+, pre-invasive lesions that include a con-
tinuum of histologic lesions with increasing severity [19]. In this
paper, we extend the analysis to a longer time period in the vac-
cine era and larger number of cases to produce estimates of vaccine
effectiveness on HPV 16/18-attributable CIN2+ as well as on a sub-
set of highest grade lesions (CIN3/AIS), which are most likely to
progress to cervical cancer. Additionally, we examined temporal
trends in the prevalence of HPV 16/18-related CIN2+ after vaccine
introduction in the United States.

2. Materials and methods

Data were obtained from the HPV-IMPACT Project, a population-
based surveillance system for monitoring HPV vaccine impact on
type-specific CIN2+ among females aged >18 years residing in
catchment areas in California, Connecticut, New York, Oregon, and
Tennessee [20]. The total population of females aged 18 years and
older ranges from 230,000 to 330,000 in each participating site

according to the 2010 U.S. Census data. This project was reviewed
by the US Centers for Disease Control, Oregon Health Author-
ity Public Health Division, and the institutional review boards of
Yale University, University of Rochester, Unity Health System, and
Rochester General Hospital and determined to be exempt from
institutional review board approval as the activity constitutes rou-
tine disease surveillance activity for disease control program and
policy purposes. The project was approved by the University of
California Berkeley, University of California San Francisco, Alameda
Health Systems, and State of California Committee for Protection
of Human Subjects. Informed consent was not required from any
reviewing/approving institution. All patient records and informa-
tion was anonymized and de-identified prior to analysis.

From 2008 to 2012, local and commercial laboratories serv-
ing the catchment areas reported histopathologically confirmed
cases of CIN2+ diagnosed in adult (>18 years) female residents of
the areas. Cases were identified through electronic health record
searches or manual chart reviews using all classification systems
and terminology used for CIN2+ during the monitoring period.
Reported cases were stratified by histologic grade into CIN2, CIN2/3
(grade not discriminated), and CIN3/AIS categories for analysis.
Reports on the same individual within 6 months of the initial
diagnosis date were considered to be related, and the person was
classified according to the highest grade diagnosis within that time.
For women aged 18-39 years at diagnosis, HPV vaccination history
and result and date of the screening test that led to CIN2+ diagnosis
(“trigger test”) were investigated. In 2008 and 2009, laboratories
were asked to submit specimens on all reported cases. However,
in subsequent years, budgetary constraints necessitated that only
a sample of specimens be requested from reporting laboratories.
Specimens were randomly sampled within each CIN diagnosis
stratum to maintain representativeness and to allow analysis of
data by CIN grade. The proportion of specimens obtained in the
5-year time period decreased from 77% in 2008 to 40% in 2012.
Women were classified as vaccinated if they received >1 dose prior
to the trigger test, not vaccinated, and unknown status; women
vaccinated on/after trigger test were categorized separately and
excluded from the trend analysis. To estimate vaccine effective-
ness, vaccinated women were classified into groups of increasing
time interval between vaccine initiation (receipt of first dose) and
trigger test, assuming that longer intervals increase the likelihood
that vaccination occurred prior to infection with types responsible
for the CIN2+ lesion.

Laboratory methods have been described previously [20].
Briefly, one block representative of the histologic lesion with the
highest grade diagnosis was processed and presence of a high-
grade lesion was histologically verified. DNA was extracted and
tested with the Linear Array HPV Genotyping Assay (LA; Roche
Diagnostics, Indianapolis, IN). Samples with inadequate or HPV
negative LA results were retested with the INNO-LiPA HPV Geno-
typing Extra Assay (Innogenetics, Gent, Belgium). Samples negative
for the genomic control probe and HPV in LA and INNO-LiPA were
considered inadequate and excluded.

HPV 16/18 attribution was defined as detection of either type in
a lesion, irrespective of presence of other types. Descriptive analy-
sesincluded evaluation of differences in categorical and continuous
demographic characteristics by vaccination status using x? test
or Student’s t-test, respectively. The Cochran Armitage test was



1610

S. Hariri et al. / Vaccine 33 (2015) 1608-1613

7346
Age-eligible for
vaccination

5032
Specimens
submitted

287 Inadequate histology

52 Test pending

15 Indeterminate typing results

4678
Valid HPV results

J

J

U 2k21 5 1274 1189
: f) pown Not vaccinated Vaccinated
vaccination status
137 No vaccination date
56 No trigger test information
3 No vaccination date; no trigger test
993

Trigger test results

549
Vaccinated >30
days before
trigger test

444
Vaccinated <30
days before or
after trigger test

Fig. 1. Flow chart of women studied from the HPV-IMPACT project.

used to evaluate trends in HPV 16/18-attributable CIN2+ lesions by
vaccination status. On a sub-set of women reported to HPV-IMPACT
for whom vaccination status was known, vaccine effectiveness
against CIN2+ was evaluated using the indirect cohort study design
in which individuals with HPV 16/18-attributable CIN2+ are com-
pared to those with lesions attributable to other HPV types [21].
Vaccine effectiveness against CIN2+ incidence was determined for
the following vaccination and trigger test intervals: vaccinated
on/after trigger test, vaccinated 0, 1-12, 13-24, 25-36, 37-48, and
>48 months before trigger test. Vaccine effectiveness was esti-
mated separately for the subset of women diagnosed with CIN3/AIS.
Log binomial regression models were used to calculate unadjusted
and adjusted prevalence ratios (PRs) and 95% confidence intervals
(Cls). Covariates included race/ethnicity, insurance status, age at
CIN2+ diagnosis, catchment area, year of diagnosis, and histologic
grade (for CIN2+). Associations were considered significant if the
P value was <.05 and those variables were retained in the main
effects model. Confounding was assessed to ensure that no param-
eter estimate of significant variables changed by >30%. All pairwise
interactions in the final model were examined, and were consid-
ered significant if the P value for the likelihood ratio test for the
interaction term was <.05. Vaccine effectiveness was calculated as
100%(1 — adjusted PR (aPR)). SAS version 9.3 (SAS Institute, Cary,
NC) was used for all analyses.

3. Results

From 2008 to 2012, 7346 women who were age-eligible for
vaccination (aged <26 years in 2006, when HPV vaccine was first
recommended in the United States) were reported to HPV-IMPACT.
Specimens were tested for 4693 women, and valid HPV DNA results
were obtained for 4678 (99.7%). HPV DNA was detected in 4575
(97.8%); 23.3% had >1 type detected. Among women with typing
results, HPV vaccination status was determined for 2463 (52.7%);
1189 (25.4%) had received >1 dose and of those, 667 (56.1%) had
completed the 3-dose series. Intervals between vaccine initiation
and trigger test could be calculated for 993 women with both dates.
Of these, 549 received >1 dose more than 30 days prior to their
trigger test and were considered to be vaccinated (Fig. 1).

Among the 4678 women with typing results, median age at diag-
nosis was 25 years; CIN2, CIN2/3, and CIN3/AIS accounted for 50.1%,
16.8%, and 33.1% of diagnoses, respectively. Clinical and demo-
graphic characteristics of women with typing results, stratified by
vaccination status, are described in Table 1. The majority (58.0%)
of vaccinated women had a CIN2 diagnosis, compared to 51.1% of
unvaccinated women and 46.5% of those with unknown vaccination
status. Median age at diagnosis was 23 years in vaccinated, 25 years
inunvaccinated, and 26 years in women with unknown vaccination
status. Among the 3826 (85.4%) women with known race/ethnicity,
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Table 1
Select characteristics of women diagnosed with CIN2+ by vaccination status, HPV-IMPACT, 2008-2012.
Vaccinated? Not vaccinated Unknown P
Total, n 993 1274 2215
Total by year, n (row %) <.001
2008 259 (24.0) 364 (33.8) 455 (42.2)
2009 231(22.7) 299 (29.4) 488 (47.9)
2010 213 (22.5) 257 (26.6) 496 (51.4)
2011 186 (20.5) 255 (28.1) 467 (51.4)
2012 104 (20.3) 99 (19.3) 309 (60.4)
Diagnosis, n (col %) <.001
CIN2 576 (58.0) 651 (51.1) 1030 (46.5)
CIN2/3 133(13.4) 196 (15.4) 398 (18.0)
CIN3 273 (27.5) 41] (32.3) 754 (34.0)
AIS +CIN 1(1.1) 6(1.3) 33(1.5)
Age, median (IQR) 23 (21-25) 25 (23-28) 26 (23-28) <.001
Race/ethnicity, n (col %) <.001
NH white 591 (67.4) 765 (66.1) 1054 (58.8)
NH black 158(18 0) 191 (16.5) 336(18.8)
Hispanic 90 (10.3) 146 (12.6) 294(16.4)
Asian 19(2.2) 35 (3.0) 53(3.0)
Other 19(2.2) 20(1.7) 55(3.1)
Missing 116 117 423
Insurance, n (col %)
Private 583 (65.1) 712 (61.9) 1034 (56.6) <.001
Public 250 (27.9) 337(29.3) 615 (33.7)
Uninsured 21(2.3) 49 (4.3) 69 (3.8)
Other 42 (4.7) 53 (4.6) 108 (5.9)
Missing 97 123 389

Abbreviations: CIN2+, cervical intraepithelial neoplasia grades 2, 3 and adenocarcinoma in situ; AIS, adenocarcinoma in situ; NH, non-Hispanic; IQR, interquartile range.

2 Excludes 196 women without vaccination date and/or trigger test.

vaccinated women were 67.4% non-Hispanic (NH) white, 18.0%
NH black, and 10.3% Hispanic, unvaccinated women were 66.1%
NH white, 16.5% NH black, and 12.6% Hispanic, and women with
unknown vaccination status were 58.8% NH white, 18.8% NH black,
and 16.4% Hispanic. Median age at vaccine initiation was 22 years
(interquartile range: 20-24).

HPV 16/18-attributable CIN2+ decreased from 53.6% in 2008
to 28.4% in 2012 among women who received >1 vaccine dose
(Prend <-001). There was no significant decline among unvacci-
nated women (57.1% vs, 52.5%; Pireng =-08) or among women with
unknown vaccination status (55.0% vs 50.5%; Pyeng =.71) during
the same time period (Fig. 2). The proportion of CIN3/AIS lesions
attributable to HPV 16/18 decreased from 76.0% in 2008 to 60.9%
in 2012 (P¢renq =.06) in vaccinated women but did not change in
women in the other 2 vaccination categories.

Compared to unvaccinated women, the proportion of CIN2+
attributable to HPV 16/18 was significantly lower in women who
received >1 dose 25-36 months before their trigger test (aPR=0.79;
95% CI: 0.63-0.99) and the percent attribution decreased with
increasing intervals between vaccine initiation and trigger test
(Table 2). Estimated vaccine effectiveness was 21% (95% CI: 1-37)
in women with 25-36 months between vaccination and trigger
test, 49% (95% Cl: 28-64) in women with 37-48 months between
vaccination and trigger test and 72% (95% Cl: 45-86) in those
who were vaccinated >48 months prior to the trigger test. Among
women with the highest grade lesions (CIN3/AIS), HPV 16/18-
attributable lesions were significantly lower in those who were
vaccinated 37-48 months prior to their trigger test (aPR=0.62; 95%
Cl: 0.44-0.93), an estimated vaccine effectiveness of 38% (95% Cl:
7-59).

4. Discussion

Within 6 years of HPV vaccine introduction in the United States,
and despite persistently low vaccination coverage, evidence of
vaccine impact on early outcomes is emerging, with reported

reductions in vaccine-type HPV prevalence [17] and genital warts
among adolescent females [22]. A few countries with high vac-
cine coverage have reported significant decreases in high grade
cervical lesions post vaccine introduction [7]. In addition, studies
from Australia, Denmark, and Scotland have demonstrated vac-
cine effectiveness against cervical abnormalities including CIN2+
through linkage of disease, screening, and immunization data from
population-based registries [9-12]. Demonstrating vaccine impact
on reducing the burden of cervical disease in the United States
is more challenging, in large part because of concurrent secular
changes in cervical cancer screening recommendations that were
implemented independently of vaccine introduction. Monitoring
trends in HPV types associated with cervical lesions can help iden-
tify vaccine impact on disease burden.

Preliminary data from earlier years of this project showed signif-
icant reductions in HPV 16/18-attributable CIN2+ lesions in women
who received >1 vaccine dose at least 24 months before their trig-
ger test [23]. Using a larger sample size over a longer surveillance
period, the current analysis reveals larger declines in CIN2+ lesions
attributable to HPV 16/18 in women with longer intervals between
vaccination and trigger test, and demonstrates vaccine effective-
ness against CIN3/AIS, lesions that are most likely to represent true
preinvasive disease. Additionally, the time trend analysis shows
significant reductions in HPV 16/18-attributable lesions between
2008 and 2012 among women who received >1 dose of HPV vaccine
prior to their CIN2+ diagnosis.

The indirect cohort study design we used in this analysis has
some limitations. Because there is no negative control group,
this design can overestimate vaccine effectiveness if there is type
replacement, a phenomenon whereby one or more HPV types may
occupy the ecologic niche originally taken by types targeted by the
vaccines. However, although theoretically possible, type replace-
ment is unlikely given the extremely stable nature of HPV DNA
viruses. Moreover, there has been no evidence of type replace-
ment from HPV type prevalence studies in countries where high
vaccination coverage has reduced the burden of vaccine targeted
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Fig. 2. HPV 16/18 attribution to CIN2+ lesions among women age-eligible for vaccination, by year and vaccination status.
Abbreviations: CIN2+; cervical intraepithelial neoplasia grades 2; 3 and adenocarcinoma in situ (AIS).
aVaccinated includes women vaccinated >30 days before trigger test (screening test that led to CIN2+ diagnosis).
Table 2
Vaccine effectiveness against type-specific CIN2+ and CIN3/AIS lesions.
CIN2+ n %16/18 PR 95% Cl aPR? 95% CI
Not vaccinated 1274 53.6 Ref.
Vaccinated <30 days/after trigger test 444 54.5 1.02 0.92-1.12 1.01 0.92-1.10
Vaccinated before trigger test
1-12 mos 152 50.0 0.93 0.79-1.10 1.02 0.87-1.19
13-24 mos 149 46.3 0.86 0.72-1.03 0.91 0.77-1.08
25-36 mos 109 395 0.74 0.58-0.93 0.79 0.63-0.99
37-48 mos 85 271 0.50 0.35-0.72 0.51 0.36-0.72
>48 mos 54 13.0 0.24 0.12-0.48 0.28 0.14-0.55
CIN3/AIS n % 16/18 PR 95% CI aPRP 95% CI
Not vaccinated 427 69.8 Ref.
Vaccinated <30 days/after trigger test 132 67.2 0.97 0.85-1.10 0.99 0.87-1.13
Vaccinated before trigger test
1-12 mos 40 80.0 1.15 0.96-1.33 117 0.97-1.40
13-24 mos 41 65.9 0.94 0.74-1.17 0.92 0.74-1.14
25-36 mos 32 75.0 1.07 0.86-1.31 1.02 0.83-1.25
37-48 mos 29 44.8 0.64 0.43-0.97 0.62 0.41-0.93
>48 mos 10 40.0 0.57 0.27-1.23 0.55 0.26-1.16

Abbreviations: PR, prevalence ratio; aPR, adjusted prevalence ratio; CIN2+, cervical intraepithelial neoplasia grades 2, 3 and adenocarcinoma in situ; AlS, adenocarcinoma in

situ.
a Adjusted for race, insurance, diagnosis grade, and catchment area.
b Adjusted for race, insurance, catchment area.

types. Conversely, this study design may underestimate vaccine
effectiveness if the vaccines confer protection against non-targeted
types. In this case, underestimation would be more likely although
the quadrivalent vaccine has only shown minimal cross-protection
against some non-vaccine oncogenic types in Phase Ill clinical trials
[24]. Another potential limitation is the exclusion of a sizeable num-
ber of women for whom vaccination status was unavailable from
the vaccine effectiveness estimates. Obtaining vaccination history
is challenging given the incompleteness of adolescent vaccines in
state-based immunization databases. However, we made efforts
to collect this information from all available data sources. Despite
limitations, these findings from a large population-based sample of
women in the United States provide compelling evidence of real-
world impact and effectiveness of vaccination on reducing cervical
disease associated with targeted HPV types.
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