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Abstract

Purpose: HPV4 is the most expensive vaccine requiring three appropriately timed doses to provide maximal efficacy against
two oncogenic HPV types. The primary purpose of this study is to quantify the use of HPV4 vaccine in a safety net health
care system in terms of its inefficiencies.

Methods: A retrospective study of HPV4 dosing from 2006-2009, among females 10-26 years old who sought care in a
safety net health care system was conducted to determine dose usage patterns among those at highest risk for cervical
cancer. Dose descriptors abstracted from the electronic medical record (EMR) included timing and number in series as well
as characteristics of the person to whom and visit at which the dose was given. Dose inefficiencies were separated into “less
than three doses” and “mistimed doses” for analysis.

Results: The majority (66%) of HPV4 doses administered were insufficient to induce the maximal immune response
necessary for HPV infection prevention. Among on-time doses, 58% were singleton or doublet doses. Mistimed doses
accounted for 19% of all doses administered with late intervals being more common than early intervals among those
receiving more than one dose (9% vs. 4%, p<<0.001). Third doses were mistimed twice as often as second doses (10% vs. 5%,
p<<0.001). Black women were more likely to have a mistimed second dose and Hispanic women more likely to have a
mistimed third dose compared to white women (OR=1.70 (95% CI: 1.11, 2.61 and 2.44 (1.19, 5.00), respectively). The HPV4-
only visit type at which HPV4 was initiated was the most significant predictor of on-time doublet completion.

Conclusions: In a safety net health care system the large inefficiencies associated with HPV4 vaccination must be addressed
in order to maximize our patient’s cervical cancer prevention.
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Introduction

Currently, at $135.45 per dose retail ($98.60 per dose via the
Centers for Disease Control and Prevention (CDC)) [1], HPV4 is
the most expensive prophylactic vaccine marketed. Administra-
tive, storage and programmatic tracking costs add to the expense
of HPV4 vaccination [2]. The CDC purchased $51 million of
HPV4 for the Strategic National Stockpile [3] and continues to
purchase 10 million doses of HPV4 yearly [4], yet there is little
evidence of appropriate use of this resource among those at highest
risk for cervical cancer.

Because the completion rates of the on-time three-dose HPV4
series after initiation are low, ranging from 12-37% within the US
[5—-25], one focus of research has been to evaluate a two dose
regimen [26-28]. While there are no efficacy data to support less
than three doses of HPV4, and there are no registered studies of
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memory B-cell responses for less than three doses, the antibody
data show that two doses of HPV4 induce inferior antibody titers
for HPV 6 and HPV 18 compared to three doses within three
years of vaccination [26-28]. This may lead to reduced efficacy,
reduced duration of efficacy, and hinder the cost effectiveness of
the prophylactic HPV vaccine program for cervical cancer
prevention [29].

Historically, other three dose vaccines have a moderately low
40-45% on-time completion rate for adolescents and young
adults, with only 1-2% receiving mistimed doses [30]. However,
the vaccine costs were one tenth the cost of HPV4 [1], mitigating
the economic misuse of resources. The purpose of this study was to
quantify the use of HPV4 vaccine in a safety net health care system
in terms of its inefficiencies. The inefficiencies are classified as “less
than three doses” administered and as “mistimed doses”.
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Methods

This research was approved by the Truman Medical Center
(TMC) Privacy Board and by the University of Missouri Kansas
City (UMKC) Adult Health Sciences Institutional Review Board
as an exempt study not requiring individual consent (#11-16e).

TMC provides care to vulnerable uninsured, underinsured and
low income patients at high risk for adverse outcomes such as
cervical cancer [31,32]. The HPV4 vaccination program was
started in July 2006 and remained unopposed until October 2009
when HPV2 was added to the program. Descriptors about the
HPV4 doses were abstracted from the electronic medical record
(EMR) during this unopposed time frame. Only female recipients
10-26 years old were targeted for vaccination. Prior research
identified age, race, and parity as positive predictors of on-time
three dose completion [6], and hence these person descriptors
were included in this study.

Dose descriptors include the number order in which each dose
was received and date of its administration. Prior research also
identified clinic and systems-level factors surrounding the health
care visit as important to timely series completion. For this study,
the type of visit at which HPV4 was administered was coded as an
HPV4-only visit where a standing order for HPV4 was available
for females meeting a specific set of criteria; or a health care visit
for acute needs, follow up from an acute visit, a preventive visit, a
visit either immediately postpartum or within the six week interval
thereafter or ‘other’ visit.

Mistimed doses were classified as in previous publications as a
dose given too early or too late from the prior dose [6]. The early
intervals were defined as less than 4 weeks between dose 1 and
dose 2; less than 12 weeks between dose 2 and dose 3; or less than
24 weeks between dose 1 and dose 3. Late intervals were defined
as more than 26 weeks between dose 1 and dose 2; or more than
52 weeks between dose 1 and dose 3 [6,26-28,33,34]. Up to two
mistimed doses could be recorded for each woman initiating
vaccination. Dose mistiming was also identified as a fourth dose
when a fourth dose was given regardless of whether three of the
four doses were appropriately timed.

Statistics

Analyses were performed on a per dose basis with time linkage
to the woman receiving the dose. Descriptive statistics included
means testing by one-way analysis of variance and t-testing using a
two sided alpha of 0.05 and Bonferroni corrections for multiple
comparisons. Chi-square testing was used for comparisons of
ratios. The Cochrane-Armitage test for trend was used when more
than two proportions were compared. As HPV2 has already been
proven to be efficacious in less than three doses [35], we anticipate
that a budgetary shift to two dose HPV vaccination will be
adopted by those with limited resources. Hence, we used binary
logistic regression analyses to evaluate the predictors of doublet
dosing. Timing of dosing will continue to be important, whether
for a doublet or triplet dose schedule; and hence binary logistic
regression was used to highlight the differences in predictors of
mistimed doublet vs. mistimed triplet doses. All data analyses were
performed using Statistica v9.1 [36].

Results

Our work shows that 66% (1967/2993) of HPV4 doses were
administered in a manner that cannot provide the long term
efficacy to reduce abnormal Pap screenings, colposcopies and
treatment procedures as was shown for three on-time doses as
approved by the FDA [37]. Of the 2993 doses reviewed in this
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HPV4 Inefficiencies

study, 651 (22%) doses were given as singleton doses, 818 (27%) as
doublet doses, 1464 (49%) as triplet doses and 60 (2%) as
quadruplet doses. Both insufficient numbers of doses as well as
mistimed doses contributed to the inefficiencies.

Number of Doses

In order to separate the effect of “less than three doses” from
“inappropriate timing of doses”, we only considered doublets and
triplets given at appropriate time intervals for our ‘number of
doses’ analysis. This results in a distribution of 651 (27%)
singletons, 745 (31%) on-time doublets and 1026 (42%) on-time
triplets among both triplet and quadruplet doses (Table 1).

Increasing numbers of doses occurred at significantly younger
mean ages among the 1017 year olds: mean age associated with a
singleton dose was at 15.8 yrs (SD 1.6) decreasing to 15.2 yrs (1.9)
for doublet doses and to 14.8 years (2.3) for triplet doses
(p<<0.006). Only Hispanic race was significantly associated with
singleton (8%) and doublet doses (11%) compared to triplet doses
(3%) (p<<0.001); white and black races were equally distributed
among all three dose numbers. Nulligravid and nulliparous
recipients occurred significantly more often with singleton (82%
and 77%, respectively) and doublet (79% and 76%) doses than
with triplet dosing (55% and 50%, p<<0.001).

The type of visit at which the HPV4 dose was initiated was
significantly associated with doublet and triplet completion.
Specifically, initiating the HPV4 series at a HPV4-only visit or a
follow up from an acute illness visit was significantly associated
with increasing numbers of doses. The percentages of visits at
which a singleton, doublet and triplet dose was initiated at a
HPV4-only visit were 50%), 62% and 70% (p<<0.001), respectively;
and at a follow up from an acute illness visit were 1%, 2% and 4%
(p<<0.001), respectively. The opposite significant trend with less
doses completed occurred if HPV4 was initiated at a postpartum
visit: 30%, 10%, 5% (p<<0.001) for singletons, doublets and
triplets, respectively. Initiating HPV4 vaccination at an acute
illness or a preventive visit showed similarly equal associations with
singleton, doublet and triplet completion.

Six months after HPV4 received federal regulatory approval,
the first HPV4 dose in our safety net health care system was
administered. Of the doses administered in 2007, significantly
more triplets occurred than singleton and doublets (22% vs. 11%
vs. 12%, p<<0.001); and, likewise for 2010 (2% vs. 0.2% vs. 0.4%,
p<<0.001). The year 2008 showed an even distribution of
singleton, doublet and triplet dose administration: 49%, 55%
and 51%, respectively. The year 2009 showed significantly more
singleton and doublet doses than triplet doses (40% vs. 31% vs.
25%, p<0.001).

It is highly unlikely that a single dose of HPV4 will ever achieve
the protective efficacy that three doses has been proven to
accomplish. However, HPV2 does have efficacy data for two doses
[35], and recent HPV4 work intimates possible sustained anti-
HPV 16 titers for 3 years after only two doses [26]. Hence,
understanding predictors of two dose compliance becomes
important. Table 2 shows that multivariate regression predicts
an 8% increase in on-time doublet dose compliance with older
females compared to younger girls (aOR =1.08 95% CI: 1.01,
1.16). Most striking was the importance of the HPV4 initiation
visit. When HPV4 was initiated at a preventive visit or at a
postpartum visit, an on-time second dose was less likely to occur
than if the initiation visit had been a HPV4 only visit (@OR =0.18
(0.09, 0.36) and. aOR =0.37, (0.20, 0.69), respectively).
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Table 1. Descriptors by number of appropriately timed doses.

HPV4 Inefficiencies

Singleton Doublet Triplet
N=651 N=745 N=1026
Characteristics of Person receiving HPV4 dose
Age, yrs mean (SD) mean (SD) mean (SD)
All 21.3 (3.0) 20.8 (3.5) 20.4 (3.8)
10-17 year 15.8 (1.6) 15.2 (1.9) 14.8 (2.3)
18-26 years 22.0 (24) 219 (2.5) 22.0 (24)
Race’ n (%) n (%) n (%)
White 223 (35.2) 243 (32.6) 423 (41.2)
Black 359 (56.6) 381 (51.1) 525 (51.2)
Hispanic 52 (8.2) 83 (11.1) 27 (2.6)
Gravidity n=605 n=684 n=980
n=0 494 (81.7) 537 (78.5) 564 (55.0)
Parity n=605 n=684 n=980
n=0 467 (77.2) 519 (75.9) 516 (50.3)
Characteristic of the Visit at which HPV4 was initiated
HPV4 alone 324 (49.8) 464 (62.3) 713 (69.5)
Health Care visit 327 (50.2) 281 (37.7) 313 (30.5)
Acute lliness 57 (8.8) 51 (6.8) 73 (7.1)
Follow up from acute illness 8 (1.2) 15 (2.0) 42 (4.1)
Preventive visit 44 (6.8) 50 (6.7) 89 (8.7)
Postpartum 192 (29.5) 76 (10.2) 52 (5.0)
Other* 26 (4.0) 31 (4.2) 57 (5.5)
Year Administered
2007 72 (11.1) 101 (12.3) 222 (21.6)
2008 318 (48.8) 409 (54.9) 527 (51.4)
2009 260 (39.9) 232 (31.1) 252 (24.6)
2010 1(0.2) 3 (04) 24 (2.3)

doi:10.1371/journal.pone.0077961.t001

Dose Timing

On-time dosing was significantly higher among doublet doses
(91%) than among triplet (69%) or quadruplet (35%) doses
(p<<0.001) shown in Table 3. 13% (299/2342) of doses are
mistimed from at least one other dose in either an early or late
manner. Among triplets 6% (83/1464) of third doses were
administered more than 365 days after the first dose.

Among mistimed doses, significantly more were too late
compared to too early (9% (206/2342) vs. 4% (93/2342),
p<<0.001); and 1.7% (39/2342) were fourth doses associated with
either a mistimed triplet or were superfluous to the completed on-
time triplet. The mean number of days too late for dose 2 after
dose 1 was 388 (SD 194) days; and for dose 3 after dose 1 was 577
(SD 202) days. The proportion of late intervals between dose 3 and
dose 1, 5.6% (86/1524), was no different than the proportion of
late intervals between dose 2 and dose 1, 5.1% (120/2342).

The mean number of days too early between dose 1 and dose 2
was 8.0 (SD 5.3) days, between dose 1 and dose 3 was 13.2 (SD
13.4) days and between dose 2 and dose 3 was 17.5 (SD 19.1) days.
Dose 3 occurred significantly too early from dose 1 more often
than dose 2 was too early from dose 1, or dose 3 from dose 2 (4%
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Singleton means only one dose was administered; doublet means that two doses were appropriately timed; triplet means that three doses were appropriately timed.
Bold font signifies significant differences among singleton, doublet and/or triplet doses at p<<0.001.
*Doses administered at visits at which counseling for smoking cessation, depression, or contraceptive use; and procedures including IUD placement occurred.
"Doses administered to Other races than White, Black and Hispanic make up 4% of singleton and doublet doses and were not included in this table.

(60/1524) vs. 0.2% (4/2342) vs. 1.9% (29/1524), p<<0.002,
respectively). Similarly dose 3 was too early from dose 2
significantly more often than dose 2 was too early from dose 1
(1.9% (29/1524) vs. 0.2% (4/2342), p<0.001).

Opverall, third doses are mistimed significantly more often than
second doses (11% (175/1524) vs. 5% (124/2342), p<<0.001). In
addition, predictors of mistimed second and third doses are
different (Table 4). Mistimed second doses occur significantly
more frequently in younger vaccinees than older (OR =0.94 95%
CI: 0.90, 0.99), and in blacks more frequently than whites (1.70
(1.11, 2.61); whereas, mistimed third doses occur significantly
more frequently among Hispanics than whites (2.44 (1.19, 5.00)).
The adjusted model provides no further insight, except that
mistimed third doses are more likely to happen among both black
and Hispanic women than among white women.

Both mistimed second and third doses occur more frequently
when HPV4 initiation occurred at visits at which other health care
was provided compared to HPV4-only visits (OR = 3.32 (95% CI:
2.28, 4.83) and 1.87 (1.33, 2.62), respectively). In our population,
mitiating HPV4 vaccination at a preventive visit is about three
times more likely to result in a mistimed second or third dose
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Table 2. Predictors of Appropriately Timed Doublet Dosing.

Crude OR
(95% CI)

Adjusted” OR
(95% ClI)

Characteristics of Person receiving HPV4
Age (10-26 years) 1.07 (1.00, 1.14)
Race/Ethnicity

1.08 (1.01, 1.16)

White referent

Black 0.69 (0.39, 1.22)

Hispanic 0.93 (0.38, 2.28)
Gravidity

n=0 referent

n=1 0.82 (0.47, 1.44)
Parity

n=0 referent

n=1 0.83 (0.48, 1.43)

Visit Type at first dose

HPV4 alone referent referent
Acute lliness 0.48 (0.19, 1.21) 044 (0.17, 1.12)
Follow up from acute illness 0.42 (0.09, 1.94) 0.39 (0.08, 1.79)

0.19 (0.09, 0.38)
0.38 (0.20, 0.69)
0.43 (0.14, 1.32)

0.18 (0.09, 0.36)
0.37 (0.20, 0.69)
0.42 (0.14, 1.29)

Preventive Visit
Postpartum

Other*

N =785 second on-time doses administered.

fAdjusted for significant univariate characteristics: visit type and age.
*Counseling for smoking cessation, depression, or contraceptive use; and
Procedures including IUD placement.

Bold font values indicate significance.
doi:10.1371/journal.pone.0077961.t002

(OR=3.97 (95% CI: 2.39, 6.60) and 2.96 (1.90, 4.62), respec-
tively). A mistimed second dose is equally and significantly
influenced by initiating HPV4 vaccination at a follow up from
an acute visit, a postpartum visit, or any other health care visit as
at a HPV4-only visit.

Table 3. Dosing intervals by dose number and timing status.

HPV4 Inefficiencies

Discussion

Although there have been millions of doses of HPV4 sold every
year [38,39], our study and others [6,8-25], show that 66% of the
doses are administered in an inefficient manner, making the HPV4
vaccination program unlikely to realize a measurable benefit
especially in populations most at-risk, such as our safety net
system. Of the inefficiencies, “less than three doses” was more
common than inappropriate timing of doses.

Health economic studies show that limited duration of vaccine
efficacy and low female population coverage result in HPV
vaccination programs not being cost-effective on a population level
[29,40]. Insufficient numbers of and mistimed HPV4 doses have
had little rigorous attention [41] but substantially and negatively
impact the cost effectiveness of the vaccination program
[29,40,42—44]. Receiving fewer than three doses in other three
dose series is recognized by the Office of Inspector General as a
common and costly issue for the Vaccine for Children (VFC)
program [45]. The vast majority of our doses were administered as
singleton or doublet doses. Maximizing health care resources in
the near term may indicate a shift to the use of HPV2, the bivalent
HPV vaccine. It has efficacy proven for both one or two doses,
despite FDA labeling for three doses, lasts at least 4 years for less
than three doses, and may protect against seven oncogenic HPV
infections at varying efficacies [35,46,47] Our study showed that
two doses were highly likely to be completed on-time and more
likely if provided at a vaccine-only visit than at a preventive visit.

Mistimed dosing, while occurring less often than insufficient
doses, contributed a substantial portion of inefficient dosing.
Studies of HPV4 and other vaccines to date have shown that
compliance with dosing intervals is critical for the induction of
immune responses and long term memory [26-28,48,49]. Early
and late dosing deviations have been noted for the two dose series
of Varicella and Hepatitis A and the three dose series of Hepatitis
B vaccinations in similar age ranges [30]. Early dosing intervals
occurred more commonly for HPV4 in our study, than for
Varicella, Hepatitis A or Hepatitis B vaccines in other studies [30];
but late dosing of the second or third dose in our study occurred
similarly for HPV4 as for the reference vaccines [30].

Doublet Triplet Quadruplet
N=818 N=1464 N=60
On-Time' 745 (91%) 1005 (69%) 21 (35%)
Early Dosing
Dose 2 from Dose 1 0 (0%) 2 (<1%) 2 (3%)
Dose 3 from Dose 2 27 (2%) 2 (3%)
Dose 3 from Dose 1* 56 (4%) 4 (7%)
Late Dosing
Dose 2 from Dose 1 73 (9%) 46 (3%) 1 (2%)
Dose 3 from Dose 1 83 (6%) 3 (5%)
Two Dosing Intervals Inappropriately Timed 20 (1%) 2 (3%)
Extra doses after a mistimed three dose series 32 (53%)
Extra doses after an appropriately timed three dose series* 7 (12%)

doi:10.1371/journal.pone.0077961.t003
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TSignificant difference among doublet, triplet and quadruplet on-time doses, p<0.001.
FEarly interval of dose 3 from dose 1 occurred significantly more often than other early dosing intervals, p<0.002.
*Six of the seven extra doses were prior to the appropriately timed triplet, and one of the seven was after the appropriately timed triplet.
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Table 4. Predictors of Mistimed Doses.

HPV4 Inefficiencies

Mistimed 2" Dose

Mistimed 3™ Dose

OR (95% CI)

aOR?* (95% CI)

OR (95% CI)

aOR?* (95% CI)

Age
Race
White
Black
Hispanic
Gravidity
n=0
n=1
Parity
n=0
n=1
Visit Type at first dose
HPV4-only
Other Health Care Visit Types
Visit Type at first dose
HPV4-only
Acute lliness
Follow up from acute illness
Preventive Visit
Postpartum

Other*

0.94 (0.90, 0.99)

Referent
1.70 (1.11, 2.61)
1.66 (0.77, 3.56)

Referent

0.86 (0.58, 1.27)

Referent

0.79 (0.53, 1.16)

Referent
3.32 (2.28, 4.83)

Referent

1.85 (0.89, 3.86)
3.81 (1.73, 8.39)
3.97 (2.39, 6.60)
3.90 (2.37, 6.40)
2.71 (1.29, 5.69)

0.94 (0.89-0.99)

Referent
2.14 (1.38-3.34)
1.94 (0.89-4.22)

Referent
3.53 (2.39-5.23)

0.97 (0.93, 1.01)

Referent
1.31 (0.90, 1.90)
2.44 (1.19, 5.00)

0.97 (0.68, 1.37)

0.91 (0.64, 1.28)

Referent
1.87 (1.33, 2.62)

1.18 (0.59, 2.36)
1.08 (0.42, 2.79)
2.96 (1.90, 4.62)
1.52 (0.78, 2.97)
1.83 (0.93, 3.60)

0.97 (0.93-1.02)

Referent
1.52 (1.03-2.24)
2.80 (1.35-5.79)

Referent
1.97 (1.39-2.80)

Fadjusted for significant variables in univariate model.

§Not included in multivariate model due to lack of significance or co-linearity.
Bold font indicates a significant predictor.
doi:10.1371/journal.pone.0077961.t004

Inefficient use of HPV4 doses in a safety net health care system
is distressing from many perspectives [50]. Less than three doses
occurred more frequently as time moved forward in our study for
reasons potentially attributed to less mass media advertising, less
enthusiasm on the part of the medical professionals and increased
publicity of possible rare side effects. In addition, HPV4 is the
most costly vaccine ever to be commercialized and hence puts an
economic burden on the public financing structures as well as
insurance companies that underwrite the majority of doses
dispensed for this population. The large numbers of girls and
women who have received insufficient doses or mistimed HPV4
dosing may not understand that their HPV4 doses are not proven
to prevent HPV infection, much less pre-cancerous disease.
Moreover, these females who are already vulnerable and at high
risk for cancer outcomes may incorrectly assume that they are
protected from cervical cancer and do not need to partake in the
recommended routine cytology screening program [51]. Lastly,
the cost to the physician, immunization providers and safety net
health system in terms of interruptions in cold chain maintenance,
clinical scheduling logistics, vaccine administration and expiration
wastage, and immunization support and programmatic office costs
can be nearly as much as the cost of the vaccine itself [52].

In response to these analyses, we have initiated an HPV2 two
dose system with the second dose administered after 4 weeks and
before 6 months in our health care system, as there is proven high
efficacy for two HPV2 doses so administered [35]; and, our
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N =124 mistimed second doses among all doses delivered; N =153 mistimed third doses among all doses delivered.
*Counseling for smoking cessation, depression, or contraceptive use; and Procedures including IUD placement.

doublet analysis indicates that 91% of these doses are received on
time.

Limitations of the Study

In order to determine whether doses were mistimed, hard
criteria for cut-off values had to be established. While some may
suggest different cut-off intervals, we used those intervals
established by the CDC, by what had been used by other authors,
and from newer data to support immune efficacy. Certainly as cut-
off thresholds change, the proportions of mistimings may change,
but the overall sense that early and late violations will lead to
diminished efficacy remains.

Our unit of measure of this study was the dose and its interval
from those in the recommended three dose series. Our concern is
to determine what characteristics cause failure and success in an
appropriately timed three dose series in the hopes of HPV4
vaccination being cost effective. Other authors have used the
woman as the unit of measure when determining behavioral
compliance with three dose adherence. Our study is not a study of
behavioral compliance, but rather a quantification of inefficiencies
associated with HPV4 vaccination.

The data source for this retrospective study was the EMR.
While information may have been omitted from the EMR, the
actual data abstraction was double-checked for accuracy. In
addition, it is unlikely, but possible, that females usually served in
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our catchment area completed their HPV4 series at other health
care clinics.

Conclusions

The inefficiencies of HPV4 administration are very high in our
safety net health care system. Cervical cancer prevention programs
have been very successful with the current cytology and HPV
screening tests in place bringing the incidence of cervical cancer to
6.5/100,000 in our American Indian/Alaska Native women, 7.1/
100,000 in our Asian/Pacific Islander women, 7.4/100,000 in our
white women, 9.9/100,000 in our black women and 11.3/100,000
i our Hispanic women [53]; all rates lower than can be
accomplished by the three dose on-time HPV4 series alone: 14/
100,000 [54]. This inefficiency rate needs to be included in cost
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