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Abstract
Background—The impact of fewer than 3 doses of HPV vaccine on genital warts is uncertain.

Methods—Using the Truven Health Analytics Marketscan administrative database, we compared
rates of genital warts among females receiving 0, 1, 2, or 3 doses of HPV vaccine. Females aged
9-18 on 1/1/2007 who were continuously enrolled in the database through 12/31/2013 were
included. Patients were assigned an HPV dose state (0, 1, 2, or 3) based on the last recorded dose.
The exposure period began on 1/1/2007 or the date of the final HPV dose, and lasted until the first
diagnosis of genital warts or 12/31/2013. Multivariable Poisson regression was performed to
determine the risk of genital warts associated with vaccine doses.

Results—Among 387,906 subjects, mean age and exposure period were 14.73 and 5.64 years,
respectively. The proportion of doses received were: 52.1%, 7.8%, 9.4%, and 30.7% for 0, 1, 2,
and 3 doses respectively. The rate of genital warts was 1.97/1000 person-years. Receipt of 0 or 1
doses was associated with more genital warts than 3 doses. The effectiveness of 2 doses following
current CDC guidelines was similar to 3 doses. The risk of genital warts rose with age.

Conclusions—~Prevention of genital warts is higher with completion of 3 vaccine doses than
with one dose, though 2 dose recommendations appear to provide similar protection. Prospective
effectiveness studies of recommended 2-dose schedules against clinical endpoints including
persistent infection, genital warts, and cervical dysplasia are necessary to ensure long-term
protection of vaccinated cohorts.

Introduction

The effectiveness of a 3-dose series of quadrivalent Human Papillomavirus (HPV)
vaccination in reducing cervical, vulvar, vaginal, and anal dysplasia has been demonstrated
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in clinical trials,[1][2] and post-marketing studies from the U.S. and other countries have
indicated lower population levels of genital warts and cervical dysplasia in the years
following vaccination.[3][4][5][6][7] Studies indicate that the antibody response of younger
adolescents (ages 9-14) who received 2 doses at least 5 months apart was non-inferior to
that achieved with 3 doses of vaccination among women aged 15-26 who were participating
in clinical efficacy trials.[8][9][10][11] Based primarily on immunogenicity results, the
Strategic Advisor Group of Experts (SAGE) of the World Health Organization (WHO)
recommended 2 doses at 6-12 month intervals for girls ages 9-14. Several countries in
western Europe have subsequently adopted a 2-dose schedule, GAVI countries are required
to use a 2-dose schedule to receive financial support, and in the US, the Advisory Committee
on Immunization Practices (ACIP) of the Centers for Disease Control and Prevention (CDC)
adopted a 2-dose schedule in October 2016.[12][13]

However, effectiveness data on fewer than 3 doses of HPV vaccination are limited, and
concerns have been raised about long-term protection due to waning antibody responses
after a few years as well as weaker memory T-cell responses.[14] Data on the relative
effectiveness of fewer than 3 doses remain limited, and results are conflicting. This study
uses administrative data from a national cohort of privately-insured adolescents to compare
the relative protection afforded by 0, 1, 2, and 3 doses of HPV vaccination against genital
warts between 2007-2013, an era when 3 doses were routinely recommended for US
adolescents.

Materials and Methods

We used data from females in the Truven Health Analytics Marketscan Commercial Claims
Database.[15] Marketscan includes claims from over 100 commercial insurance plans for
both inpatient and outpatient care for employees and their dependents. Though Marketscan
is not a probabilistic sample, it covers all enrollees and dependents from approximately half
of provider-sponsored U.S. health insurance plans. The data are statistically de-identified,
and the Boston University Institutional Review Board deemed this project exempt.

Inclusion and exclusion criteria

We included girls who were aged 9-18 on 1/1/2007 and were continuously enrolled in the
database from 1/1/2007-12/31/2013. The exposure period began 1/1/2007 (for unvaccinated)
or the date of the last HPV vaccine injection (for those receiving HPV vaccination). Person-
time, defined as the number of months during which a girl was considered to be at risk for
genital warts, was assigned according to the girl’s final vaccination status (0, 1, 2, or 3
doses). We felt that allowing girls to contribute person-time during the course of their
vaccine series (i.e., time between doses 2 and 3) was problematic as infection acquired prior
to completing the series might be counted as a vaccine failure. This methodology reflects
that espoused by Gertig et al, who state that including only person-time that reflects a
woman’s final vaccination status more closely reflects the efficacy of receipt of only 1 or 2
doses.[16] The exposure period ended when a subject either received a diagnosis of genital
warts or at the end of the study period (12/31/2013). Subjects with fewer than 180 days of
follow-up were excluded.
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Outcome definitions and data analysis

Results

CPT (Current Procedural Terminology coding system) and 1CD-9 (International
Classification of Diseases, ninth revision) codes were used to identify HPV vaccine
injections and genital warts. HPV vaccination codes included CPT (90649, 90650, 90651)
and ICD-9 (V04.89). Genital warts were identified as described by Flagg et al (2013).[17]
We defined anogenital warts based on the following three scenarios.

Scenarioa  One or more diagnoses of condyloma acuminata (ICD-9-CM code
078.11) occurring within a given year.

Scenariob  One or more less-specific diagnoses of viral warts (ICD-9-CM code:
078.1, 078.10, 078.19) within a given year only if, within 30 days of the
diagnosis, there was also a procedure for destruction or excision of an
anogenital lesion (CPT code: 45108, 99170) or a diagnosis of a benign
anogenital neoplasm (ICD-9-CM code: 211.4, 216.5, 221.8, 222.9).

Scenarioc  One or more prescriptions for genital wart medications (NCD code:
99207026012, 45802036853, 64380077302, 115147623, 51672414506,
68462053670, 168043224, 45802036862, 64380077319, 99207027675,
99207027028, 99207027175, 52544004513, 52544004613, 591320413,
574061105, 574060115, 10337045003, 10481300801, 38779010005)
within a given year, only if within 30 days of the prescription there was
also (1) a procedure for destruction or excision of an anogenital lesion
(CPT code: 45108, 99170), or (2) a diagnosis of a benign anogenital
neoplasm (ICD-9-CM code: 211.4, 216.5, 221.8, 222.9).

Multivariable Poisson regression analyses were conducted to estimate the relative incidence
of genital warts associated with receiving 0, 1, 2 or 3 doses, and adjusted for differential
observation periods, age, region, area-level socioeconomic indicators, and calendar year. To
avoid including genital warts representing prevalent infections rather than new infections,
we performed a sensitivity analysis using a 1-year washout period from the first dose. To
better understand the role of factors other than age, we estimated two models, one adjusting
only for age (base model), and another also adjusting for geographic region, income,
proportion of minorities in county of residence, and calendar year (full model); from each
we obtained estimates of estimated incidence rate ratios of genital warts comparing fully
vaccinated girls to those receiving < 3 doses, and among girls who initiated vaccination prior
to age 15, comparing girls receiving 3 doses with those receiving 2 doses with a >5-month
inter-dose interval.

A total of 387,906 adolescent females were included in the study (Table 1). The mean age
was 14.73 years, and average length of follow-up was 5.64 years. In regard to geographic
location, 10% of girls lived in the northeastern U.S., 24% in the north central region, 38% in
the southern region, and 28% in the western region. Approximately one third of girls lived in
counties with <20% or >35% racial/ethnic minority residents as defined by the U.S. census
bureau.
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Fifty-two percent of girls (n=201,933) remained unvaccinated throughout the study, 7.8%
(n=30,428) received 1 dose, 9.4% (n=36,583) received 2 doses, and 30.7% (n=118,962)
received 3 doses (Table 2). Among girls receiving more than 1 dose of HPV vaccine, 60.4%
(93,957/155,545) received their second dose within three months of their first dose, and
47.1% (73,210/155,545) received their third dose within 5 months of their second dose.
Furthermore, 52.5% (81,587/155,545) received their subsequent doses more than 1 month
off schedule, with 34.4% (53,508/155,545) receiving doses at 12-month intervals, likely
corresponding to annual preventive care visits. Different inter-dose intervals were observed
between girls who completed 3 doses and those who completed only 2 doses: 70% of girls
who ultimately received 3 doses completed their second dose on time (within 3 months of
the first dose), compared with 26% of girls who received only 2 doses during the study
period (Figure 1; p<0.001).

The overall rate of genital warts was 1.97/1000 person years (Table 2). The rate of genital
warts decreased with additional HPV vaccine doses, from 2.17 cases/1000 person-years for
unvaccinated girls, to 1.90 cases/1000 person-years for girls receiving 1 dose, to 1.76 cases/
1000 person-years for girls receiving 2 doses, to 1.5 cases/1000 person-years for girls
receiving 3 doses. Receipt of 3 doses was significantly more effective than 0 or 1 dose; the
difference between 2 and 3 doses did not reach statistical significance. Incidence rates of
genital warts were similar for girls who completed 2 doses at < or =5 month intervals.
Poisson regression analyses (Table 3) indicated that unvaccinated girls had nearly double the
risk of genital warts compared with girls who completed the series [IRR 1.90 (95% CI 1.66—
2.18)]. Girls who received 1 dose had fewer genital warts than unvaccinated girls, but more
than girls who completed the series [IRR 1.22 95%CI (1.05, 1.41)].

To study the potential impact of recent guideline changes, we examined girls who began
their HPV vaccine series before their 15th birthday, and compared rates of genital warts
among those who completed 3 doses (n=30,527) and those who completed 2 doses given at
least 5 months apart (n=3,154) (Table 4). During an average of 4.6 years of follow-up after
completing their final vaccine doses, similar proportions of girls in both groups developed
genital warts: 156 girls (0.51%) in the 3-dose group and 14 (0.44%) in the 2-dose group.
Results were similar for analyses in Tables 3 and 4 when a one-year washout period was
included (data not shown).

Additional factors associated with genital wart risk are described in Table 3. The risk of
genital warts increased substantially with age from IRR 1.46 (95%Cl 1.26-1.70) for ages
11-12 to 10.51 (95%CI 7.88-14.02) for ages 21-22 compared to ages 9-10. Genital wart
rates were lower in the northeast and western regions compared with the south, and the west
was lower than the north central region. Genital wart rates were inversely correlated with
vaccination rates in all regions except the west, which had both low vaccination and genital
warts rates (data not shown). No differences were noted by proportion of minorities in the
counties in which the girls resided. Overall rates of genital warts decreased significantly
after 2007 from 2.13 to 1.63 per 1000 person years between 2007 and 2013 (data not
shown), with a trend toward more substantial decreases over time [2008 IRR 0.86 (95%ClI
0.74-0.99), 2012-2013 IRR 0.59 (95%CI 0.44-0.79) compared to 2007].

Sex Transm Dis. Author manuscript; available in PMC 2018 June 01.



1duosnuep Joyiny vA 1duosnue Joyiny vA

1duosnue Joyiny vA

Perkins et al. Page 5

Discussion

This study of a national sample of adolescent girls indicates that completion of at least 2
doses of HPV vaccine are necessary to provide protection against genital warts. Targeted
analyses examining 2 doses at = 5 month intervals indicate that this regimen appears to
provide similar protection against genital warts as 3 doses among girls initiating the series
prior to age 15, supporting WHO and CDC guidelines. Receipt of only 1 dose, however,
provides inferior protection.

While studies with the bivalent vaccine have shown high effectiveness with fewer than 3
doses,[18][11] existing ecological studies with the quadrivalent vaccine have tended to
indicate a dose-response effect, with 3 doses required for maximum protection. A study of
genital warts in Sweden among girls vaccinated prior to age 17 found that the IRR for
genital warts among the recipients of 3 doses was 0.18 (95% ClI, 0.15-0.22), for 2 doses was
0.29 (95% ClI, 0.21-0.40), and for 1 dose was 0.31 (95% CI, 0.20-0.49).[19] This study also
examined the contribution of prevalent infections by using washout periods of different
lengths, and found that differences between 2 and 3 doses were attenuated by buffer periods
longer than 4 months after each dose. In our study, including a washout period of 12 months
after the first dose did not affect the results. A study in Belgium found a vaccine efficacy
against genital warts of 89.2% (95% CI: 81.5; 93.7) for 3 doses, 69.7% (95% CI: -26.6;
87.5) for 2 doses, and 36.9% (95% ClI: —15.5; 65.5) after 1 dose.[20] Another study from
Denmark was designed to assess the difference in effectiveness against genital warts
between 2 and 3 doses, specifically looking at time between doses 1 and 2.[21] These
authors found that genital warts occurred significantly less frequently with each additional
dose, and demonstrated a twofold increase in the risk of genital warts for those receiving 2
doses compared to 3 doses (IRR 2.19 95%CI 1.86-2.54). When only girls less than age 16
receiving doses at least 6 months apart were considered, the effectiveness approached that of
3 doses, but confidence intervals were wide. Our study provides additional evidence of
protection against genital warts among girls adhering to recommended 2-dose schedules,
though results should be interpreted cautiously due to the small number of total cases.

While reductions in genital warts are an important early marker of vaccine effectiveness,
reductions in cervical dysplasia and cancers are far more important vaccine-related
outcomes. The only study examining the relationship of the number of quadrivalent HPV
vaccine doses to the development of cervical dysplasia was conducted by Gertig and
colleagues [16]. Using the final vaccination state as the start time for dysplasia risk (i.e.,
cervical dysplasia was only counted after the final vaccination had been received, rather than
counting disease that occurred in the time between doses), complete vaccination was
associated with a 38% reduction in the risk of any high-grade dysplasia (RR 0.62, 95%ClI
0.48-0.79) but receipt of 1 or 2 doses was not associated with any reduction (RR 1 dose 1.26
95% CI 0.78-2.04, RR 2 doses 1.02 95% CI 0.66-1.58). Although these results were not
stratified by age at vaccination, time between doses, or other behavioral risk factors for HPV
acquisition, and small numbers of girls with incomplete dosing limited statistical power to
detect differences, they do raise concerns. Thus, collecting additional long term follow-up
data on 2-dose regimens is paramount.
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The only randomized controlled trial addressing the question of dosing schedules compares
immunologic responses, virus prevalence, and disease outcomes among girls aged 10-18
years who received either 2 doses at 0 and 6 months or 3 doses at 0, 2, and 6 months [22]. Of
note, the randomized trial design was interrupted, therefore the data are analyzed and
reported as an observational study, but still provide important information. The antibody
responses were found to be equivalent between the 2- and 3-dose group for HPV 6, 11, and
16, but inferior for HPV 18. The incidence of transient HPV 16/18 infections at 4-6 years of
follow-up were 0.4% (2/543) in the 3-dose group and 0.8% (4/519) in the 2-dose group,
though no persistent HPV 16/18 infections were seen in either group. A randomized
controlled trial in Canada with the quadrivalent vaccine, and a non-randomized study in
Denmark with the bivalent vaccine also noted inferior antibody titers of HPV 18 in girls
receiving 2 doses compared to 3 doses, though antibody avidity was equivalent in the Danish
study. The clinical impact of these findings remains to be seen.[10][23]

While most immunogenicity data report relatively similar values between 2- and 3-dose
regimens, clinical effectiveness data are sparse and subject to a number of limitations,
including short intervals between doses and preponderance of subjects age over 15 at
vaccination. Girls who received fewer than three doses may also differ from those who
completed the series in their risk of HPV exposure, which is not captured in this database.
All published ecological studies suffer from these limitations, including ours, although we
did perform additional analyses comparing different dosing intervals to begin to address this
issue. Additional limitations to our study include the use of administrative data, which are
subject to coding errors. However, the validity of the Truven Marketscan database has been
previously validated,[15] and we would not expect rates of coding errors to differ between
vaccination states. In addition, relatively small numbers of girls with genital warts receiving
2 doses may limit the ability to detect statistically significant differences between groups.

Conclusions

Although these early data supporting 2-dose schedules are encouraging, they report on
genital warts only, not on cervical dysplasia or cancer outcomes. HPV vaccine protection
must last many years to provide adequate cancer protection, therefore ongoing studies are
paramount. To ensure that HPV vaccination will continue to be effective on a population
level, ongoing prospective studies using linked cohort data with a minimum of 15 years of
follow-up to ensure the longterm effectiveness of 2-dose regimens at 0 and 6-12 months
should be conducted with the endpoints of persistent viral infection, genital warts, and
cervical dysplasia.
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Short summary

A national study of U.S. adolescents found that 3 doses of HPV vaccination may provide
similar genital wart protection to 2 doses given at >5 month intervals at age =15.
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Table 1

Demographic characteristics of study sample (females aged 9-18 as of 01/01/2007)

N 387,906
Age*, mean (std. dev.) 1473 (3.13)
Average of Exposure (years), mean (std. dev.) 5.64 (1.85)
Ever had genital warts during 2007-2013 (%) 111
Region (%)
Northeast 10.08
North Central 23.65
South 38.48
West 27.78
Medium Household Income, 2007 (%)
<47,000 34.87
47,000-57,000 33.33
>57,000 31.80
Percent of County-Level Minority Population, 2010 (%)
<20% 33.71
20%-35% 30.86
>35% 35.42

*
Patient age at start of exposure period.
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Table 3

Incidence Rate Ratios of genital warts comparing fully vaccinated individuals with those receiving <3 Doses,

IRR (95%Cl)

Base Model (N=387,906)

Full Model (N=387,906)

Doses received

0 2.27 (2.08, 2.48)
1 1.22 (1.06, 1.43)
2 1.13 (0.98, 1.30)

Age * (ref=9-10)

11-12 1.46 (1.26, 1.70)
13-14 251 (2.19, 2.87)
15-16 3.44(3.01,3.93)
17-18 4.49 (3.94,5.14)
19-20 6.04 (5.02, 7.26)
21-22 8.35 (6.35, 10.99)
23-25 6.73 (3.84, 11.81)

Region (ref=South)
Northeast
North Central
West
Income (ref= >57,000)
<4,7000
4,7000-5,7000
% of minority population (ref= >35%)
<20%
20%-35%
Year (beginning of exposure period)
2008
2009
2010
2011
2012-2013

1.90 (1.66, 2.18)
1.22 (1.05, 1.41)
112 (0.97, 1.29)

1.46 (1.26, 1.70)
2.52 (2.20, 2.89)
3.50 (3.07, 4.00)
4,65 (4.07,5.31)
6.36 (5.28, 7.65)
10.51 (7.88, 14.02)
9.86 (5.4, 17.87)

0.84 (0.74, 0.94)
0.95 (0.88, 1.03)
0.71 (0.65, 0.77)

0.92 (0.85, 1.00)
0.91 (0.84, 0.98)

1.02 (0.95, 1.11)
1.06 (0.97, 1.14)

0.86 (0.74, 0.99)
0.75 (0.63, 0.90)
0.74 (0.60, 0.92)
0.64 (0.49, 0.83)
0.59 (0.44, 0.79)

*
Patient age at start of exposure period.

Note: In the base model, the reference group is those aged 9-10 years. In the full model the reference group is those aged 9-10, living in South

region, with high household income (>$57,000), in high minority areas (>35%) and year 2007.
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Table 4

Incidence Rate Ratios of genital warts among girls who initiated vaccination prior to age 15, comparing girls
receiving 3 doses with those receiving 2 doses with a >5-month inter-dose interval, IRR (95%CI)

Base Model (N=33,851*) Full Model (N=33,851)

2 doses with a 5-month interval 0.91 (0.53, 1.58) 0.97 (0.56, 1.68)

Age o (ref=9-11)

1duosnue Joyiny vA 1duosnue Joyiny wA

1duosnue Joyiny vA

12 0.43 (0.23, 0.82)
13 0.68 (0.39, 1.20)
14 0.60 (0.34, 1.05)

Region (ref=South)
Northeast
North Central
West
Income (ref= >57,000)
<4,7000
4,7000-5,7000
% of minority population (ref= >35%)
<20%
20%-35%
Year (beginning of exposure period)
2008
2009
2010
2011-2012

0.50 (0.26, 0.97)
0.83 (0.46, 1.48)
0.72 (0.41, 1.29)

0.74 (0.44, 1.23)
0.97 (0.65, 1.44)
0.68 (0.44, 1.05)

0.65 (0.44, 0.96)
0.69 (0.48, 1.00)

1.02 (0.67, 1.56)
1.12 (0.75, 1.67)

0.85 (0.59, 1.24)
0.55 (0.34, 0.91)
0.62 (0.34, 1.13)
0.69 (0.29, 1.67)

*
3 dose group: n=30,527 total girls, 156 cases of genital warts (0.51%); 2 dose group: n=3,154 total girls, 14 genital warts (0.44%)

Aok

Patient age at start of exposure period. Sample limited to females aged 9-14 at start of exposure periods.
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