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Abstract
Background—Women over the age of 30 are the main beneficiaries of improved cervical cancer
screening with human papillomavirus (HPV) DNA testing. The role of vaccination against HPV
types 16 and 18, recommended routinely in pre-adolescent girls, is unclear in this age group.

Objective—To assess the health and economic outcomes of HPV vaccination in older women
participating in the U.S. screening program.

Design—Cost-effectiveness analysis with an empirically-calibrated model.

Data Sources—Published literature.

Target Population—U.S. women, ages 35–45.

Time Horizon—Lifetime.

Perspective—Societal.

Interventions—HPV vaccination added to screening strategies that differ by test (cytology, HPV
DNA testing), frequency, and start age, versus screening alone.

Outcome Measures—Incremental cost-effectiveness ratios (2006 U.S. dollars per quality-
adjusted life year (QALY) gained).

Results of Base-Case Analysis—In the context of annual or biennial screening, HPV
vaccination of women ages 35–45 ranged from $116,950 to $272,350 per QALY using cytology with
HPV DNA testing for triage of equivocal results, and from $193,690 to $381,590 per QALY using
combination cytology and HPV DNA testing, depending on age and screening frequency.

Results of Sensitivity Analysis—Probabilistic sensitivity analysis revealed that the probability
of HPV vaccination being cost-effective for women ages 35–45 was 0% when screening occurred
annually or biennially, and <5% when screening occurred triennially, at thresholds considered good
value for money.

Limitations—Uncertainty in the natural history of disease and vaccine efficacy in older women.
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Conclusions—Given currently available information, the effectiveness of HPV vaccination of
screened women over age 30 appears, on average, to be small. Compared with current screening that
uses sensitive HPV DNA testing, HPV vaccination in this older population is associated with cost-
effectiveness ratios that are less attractive than well-accepted interventions in the U.S.

Introduction
Organized screening is widely credited with reducing the incidence of cervical cancer, and
today, women in the United States face an average lifetime risk of 0.7% (1). With the
availability of human papillomavirus (HPV) DNA testing, clinical guidelines have been revised
to provide several screening options including cytology screening at one- to three-year intervals
with HPV DNA testing for triage of equivocal cytology results and HPV DNA testing in
combination with cytology at two- to three-year intervals for women over the age of 30 (2–
4). Previous analyses have reported that these strategies provide not only greater protection
against cervical cancer than cytology-only strategies, but also good value for resources (i.e.,
are cost-effective) compared with other public health interventions that have been adopted
(5,6). As technologies continue to evolve, it is imperative to assess the comparative benefits,
risks, and costs of all options in an objective analysis. This principle applies to newer screening
tests, novel diagnostic algorithms for screen-positive women, and evolving technologies for
primary prevention, such as the HPV vaccine.

In 2006, the U.S. Food and Drug Administration licensed a quadrivalent vaccine that protects
against HPV types 16 and 18, two of the most common types that cause 70% of cervical cancer,
as well as types 6 and 11, two types that cause over 90% of genital warts (7,8). A bivalent
vaccine, targeting only HPV types 16 and 18, is expected to be licensed soon in the U.S.
Because of the high efficacy of the vaccines among females without prior exposure to these
types (9–13), current guidelines for HPV vaccination in the U.S. have prioritized covering pre-
adolescent girls prior to sexual debut (ages 11–12, and as early as age 9) (14,15). The
recommended upper age limit for a catch-up program, however, has been debated and ranges
from age 18 (14) to 26 (15). In a recent cost-effectiveness analysis, we found that a policy of
catch-up vaccination in females past age 21 generally does not provide as good value for money
as vaccination of younger girls, even under favorable assumptions of the vaccine (16).

Women over age 30 have been the primary target for improved screening technology with HPV
DNA testing but may soon be able to access the HPV vaccine. In comparison to adolescent
girls, women over age 30 have a greater chance of previous HPV infection at some point in
their lives, although there are no commercially available tests that can reliably distinguish those
who have or have not been infected. As manufacturers of the vaccines seek approval for
vaccinating women of older ages, there is mounting discussion about the magnitude of benefit
and costs associated with vaccinating women up to age 45. If approved, current HPV
vaccination guidelines will need to be reconsidered, and potentially revised, to provide
scientifically-based guidance for this population.

The evaluation of cervical cancer prevention strategies presents particular challenges because
of the long duration of cervical carcinogenesis, the uncertainty in a disease process that is
largely unobservable, and the fact that interventions are applied at different time points along
the disease spectrum. Further, clinical studies that compare screening strategies or assess
vaccine efficacy mostly rely on surrogate endpoints, and the observation of these interventions
on disease outcomes will be decades away. When this uncertainty is coupled with the inability
to compare head-to-head all potential strategies, disease simulation models that synthesize the
best available data and ensure consistency with epidemiological observations are valuable tools
to estimate long-term outcomes of health interventions in a population. When used in a
decision-analytic framework, model-based analyses can help assess the incremental benefits
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and cost-effectiveness of different interventions to inform policy decisions that are being made
in the absence of complete information. In anticipation of potential vaccine approval for women
over age 30, we used an empirically-calibrated model to conduct a comparative cost-
effectiveness analysis of HPV vaccination of U.S. women up to the age of 45 in the context of
available cervical cancer screening.

Methods
Model Overview

We used a previously-developed individual-based (“first-order”) Monte Carlo simulation
model that simulates the natural history of HPV and cervical disease, as well as primary and
secondary preventive interventions (16–18). The model is comprised of mutually-exclusive
health states, among which individual women transition over time from entry in the model
until death (Figure 1). The simulation begins with 9-year-old healthy girls, who at each month
can acquire an HPV infection, categorized as HPV-16, HPV-18, other high-risk types, and low-
risk types. Those with an HPV infection can develop precancerous lesions, categorized as
cervical intraepithelial neoplasia, grade 1 (CIN 1) or grade 2–3 (CIN 2,3), and those with CIN
2,3 may develop invasive cancer. Females can clear their HPV infection or lesion; after first
infection and clearance, women develop a degree of natural immunity to that same HPV type,
after which future type-specific infections can be acquired at a reduced rate. Cancer states are
stratified by stage (i.e., local, regional, distant) and detection status (i.e., undetected, symptom-
detected, screen-detected). Death can occur from all-cause mortality from every health state
and excess cancer-specific mortality from cancer states, depending on stage of cancer. The
model can accommodate complex cervical cancer prevention strategies and tracks each
individual woman’s history (e.g., vaccination, screening, treatment and past abnormalities) and
resource use.

Using data from epidemiological studies and cancer registries, we established initial input
parameter values for the natural history model (i.e., without intervention). Using a likelihood-
based approach, the model was then calibrated to fit to empirical data, including age-specific
HPV prevalence, age-specific incidence of cervical cancer, and HPV type distribution among
women with lesions and cancer, primarily from the U.S. (19–25). Data from clinical studies
and controlled trials were synthesized to accurately reflect the performance of screening tests
and HPV vaccine (4,9–13,26–28). Details of the model structure, parameterization, and
calibration have been described in previous publications (16–18), and specific data used for
the current analysis are available in the Supplemental Appendix.

Strategies
First, we evaluated the cost-effectiveness of vaccinating women of a particular age (e.g., 35
years) who had been participating in a specific screening strategy (e.g., biennial cytology).
This analysis was intended to simulate a situation where women would continue with the same
screening strategy before and after vaccination. We included screening strategies that have
been recommended in clinical guidelines, including cytology with HPV DNA testing for triage
of equivocal results (“cytology with HPV triage”) and combined cytology and HPV DNA
testing after age 30, conducted annually and biennially (2–4). To account for women with less
frequent or variable screening histories, we also included a scenario that reflects overall current
screening practice. We restricted this analysis to only those who have ever been screened and
assumed 53% are screened annually, 17% every two years, 11% every three years, and 15%
every five years (29–31).

Second, we evaluated a broader array of technology options that confront women of a particular
age. This analysis was intended to simulate a situation where a woman at a particular age (e.g.,
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age 35) would consider all available screening options, with and without vaccination. We
included currently recommended screening strategies (cytology with HPV triage, with or
without a switch to combined cytology and HPV DNA testing at older ages), as well as
promising strategies being evaluated in clinical studies (i.e., HPV DNA testing with cytology
triage of HPV-positive results at older ages). For all strategies, we assumed women are screened
using cytology with HPV triage prior to facing the full range of new options.

Vaccination involved the full three-dose series administered to women at the ages of 35, 40,
or 45. In the base case analysis, we assumed 100% efficacy against HPV-16 and -18 over the
lifetime among women without prior exposure to these specific types but explored the impact
of lower efficacy and waning immunity in sensitivity analysis.

Analysis
Health benefits were expressed as reductions in lifetime risk of cervical cancer and gains in
quality-adjusted life years (QALY), which reflect both morbidity (e.g., diminished quality of
life due to cervical cancer) and mortality secondary to cervical cancer. Lifetime costs (in 2006
U.S. dollars) included direct medical costs associated with screening, diagnosis, and treatment
(e.g., tests, procedures, hospitalizations) and with vaccination (e.g., three doses at $120 per
dose, wastage, supplies and administration) (Table 1) (4,5,26–28,32–40). Direct non-medical
costs, such as patient time and transportation, were included for all strategies.

We adopted a societal perspective and discounted costs and benefits by 3% annually (41). After
eliminating strategies that were more costly and less effective (i.e., strongly dominated) or less
costly and less cost-effective (i.e., weakly dominated) than an alternative strategy, incremental
cost-effectiveness ratios were calculated as the additional cost divided by the additional health
benefit associated with one strategy compared to the next-less-costly strategy.

Sensitivity analyses were conducted to explore how results were influenced by uncertainties,
such as screening performance, vaccine efficacy and duration, and vaccine cost. A probabilistic
sensitivity analysis was conducted using 50 good-fitting parameter sets.

Role of the Funding Source
This study was supported by the National Cancer Institute (R01 CA93435), and in part by the
Centers for Disease Control and Prevention, and the American Cancer Society. The funding
sources had no involvement in the design of the study; collection, analysis, or interpretation
of the data; or preparation, review, or approval of the finished manuscript.

Results
HPV-16,-18 Vaccination of Screened Women, by Age and Specific Screening Algorithm

Adding HPV vaccination to screening resulted in gains in quality-adjusted life expectancy,
although the incremental gains diminished with age. For example, for women who had been
screened biennially using cytology with HPV DNA testing for triage of equivocal results, the
QALY gains with vaccination were 0.0040 (35 hours) when vaccination occurred at age 35,
and 0.0029 (26 hours) when vaccination occurred at age 45; these results correspond to
additional reductions in lifetime cancer risk of 5.4% and 4.2%, respectively. Incremental
benefits with vaccination were lower when screening was annual or when screening involved
a switch to combined cytology and HPV DNA testing after age 30.

Among women undergoing annual or biennial screening using cytology with HPV triage,
adding vaccination ranged from $116,950 to $272,350 per QALY gained compared to the
corresponding strategies of screening without vaccination, depending on age and screening
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frequency (Figure 2, top). For those women who switched to combination cytology and HPV
DNA testing after age 30, the incremental cost-effectiveness ratios were less attractive (i.e.,
higher), ranging from $193,690 to $381,590 per QALY (Figure 2, bottom). In the context of
current U.S. screening patterns, in which women are screened with variable frequency, adding
vaccination exceeded $125,000 per QALY irrespective of vaccination age or screening
strategy. For all scenarios evaluated, the incremental cost-effectiveness of adding vaccination
to screening was less attractive (i.e., had higher ratios) at older ages.

HPV-16,-18 Vaccination and Screening Strategies, by Age and Screening Frequency
When we comparatively assessed the health and economic outcomes of a range of cervical
cancer prevention options facing “today’s older woman” (i.e., different screening tests and
frequencies, with and without vaccination), we found that most vaccination strategies were
less efficient (i.e., strongly or weakly dominated) than strategies involving screening alone, or
had cost-effectiveness ratios generally exceeding $100,000 per QALY (Table 2). For example,
the cost-effectiveness of adding vaccination to annual screening for 35-year-old women ranged
from nearly $200,000 per QALY (cytology with HPV triage over the lifetime) to over $400,000
per QALY (cytology with switch to combined testing). At 2- to 3-year screening intervals,
vaccination strategies were either weakly dominated or exceeded $130,000 per QALY; ratios
fell below $100,000 per QALY with less frequent screening. For 45-year-old women, these
ratios were even less attractive. When HPV DNA testing with cytology triage for HPV-positive
results was considered instead of combined cytology and HPV DNA testing for screening post-
vaccination (not shown), the ratios associated with vaccination strategies were marginally more
attractive, but the overall qualitative results were similar.

Sensitivity Analyses
The general results were not influenced by plausible changes in screening test performance,
screening and diagnostic follow-up costs, or the discount rate. Less favorable assumptions
regarding vaccine properties, such as efficacy and duration of protection, resulted in higher
(i.e., less attractive) cost-effectiveness ratios for the vaccination strategies. For example, when
efficacy was reduced to 70% among those without prior exposure to vaccine-types, cost-
effectiveness ratios associated with HPV vaccination increased by roughly 50% across all ages
and screening scenarios, exceeding $400,000 per QALY for 45-year-old women. Similarly,
cost-effectiveness ratios exceeded $400,000 per QALY and $200,000 per QALY for all ages
when vaccine protection waned completely after 5 years and 10 years, respectively.

Results were modestly influenced by varying the cost of vaccination. When the cost per
vaccinated woman was lowered to $250 (corresponding to a cost per dose of $70), adding
vaccination to cytology with HPV triage for 35-year-old women decreased to $54,000 per
QALY (biennial screening) and $92,000 per QALY (annual screening). When the cost per
vaccinated woman was increased to $750, resembling a scenario in which the current costs are
underestimated or a booster dose is required, the cost-effectiveness ratios ranged from
$180,000 per QALY to $600,000 per QALY, depending on age, screening modality and
frequency.

We conducted a probabilistic sensitivity analysis using 50 parameter sets with good fit to the
epidemiological data, and estimated the probability that adding vaccination to screening is cost-
effective according to lower- and upper-bound cost-effectiveness thresholds. For 35-year-old
women, adding vaccination to annual or biennial screening with combined cytology and HPV
testing resulted in cost-effectiveness ratios that exceeded $100,000 per QALY over all 50
simulations. In 96% and 72% of simulations involving 3-year and 4-year screening,
respectively, adding vaccination was greater than $100,000 per QALY, and none of these
scenarios resulted in ratios that were less than $50,000 per QALY across the 50 simulations.

Kim et al. Page 5

Ann Intern Med. Author manuscript; available in PMC 2010 October 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Across these same frequencies, for 45-year-old women, 100% of simulations resulted in ratios
higher than $100,000 per QALY for vaccination and screening compared to screening alone.

Discussion
There is great promise in the availability of accurate HPV diagnostics, new screening strategies,
and a preventive vaccine against HPV-16 and HPV-18 for cervical cancer prevention in the
U.S. Model-based decision analyses of how to best use these new options alone or
synergistically can provide insight for policy deliberations and professional guidelines, as well
as aid in identifying research priorities. Although previous analyses have evaluated the HPV
vaccine in the context of current guidelines for catch-up programs up to age 26 (16,42,43), to
our knowledge, our study is the first to assess the vaccine’s routine use in an older population
of U.S. women. Consistent with the general consensus that the value of HPV vaccination
diminishes with increasing age of vaccination (16,43–45), we found that HPV vaccination
provides nominal benefits in the context of current screening recommendations and practice
among women in their 30s and 40s. Considering the lifetime risk of cervical cancer in the U.S.
is less than 1% (1), the absolute risk reductions provided by HPV vaccination in this age group
are quite low. Likewise, the incremental cost-effectiveness ratios associated with adding
vaccination to screening, given currently available information, exceeded $100,000 per QALY
in most instances. These results were stable even when evaluating new, promising screening
algorithms using HPV DNA testing with cytology triage, which is expected to have a higher
positive predictive value than cytology testing alone post-vaccination (46).

There is no universal criterion that defines a threshold cost-effectiveness ratio, below which
an intervention would be considered “good value for money.” Unlike some countries, the U.S.
has not adopted an absolute cost-effectiveness threshold. Rather, informal heuristics have been
cited, including the cost-effectiveness ratio associated with renal dialysis through the Medicare
entitlement program (ranging from $55,000 to $108,500 per QALY (47–50)) to those
associated with widely-adopted interventions, such as diabetes care, knee replacement, and
mammography screening (generally below $100,000 - and often below $50,000 - per QALY
(51–53)). Most recently, Shiroiwa et al. (54) measured thresholds in selected countries and
reported $62,000 per QALY gained in the U.S. Based on these considerations, we feel that a
range of $50,000 to $100,000 per QALY gained is a reasonable benchmark for cost-
effectiveness in the U.S., although it is important to note that societal willingness to pay more
than $100,000 per QALY may be based on other considerations. Using this threshold range,
our results suggest that a policy of HPV vaccination in older women does not represent good
value for resources expended, implying that more health can be gained by investing in
alternative health interventions, such as screening previously unscreened women.

The vaccine’s impact in an older population is influenced in part by the level of prior exposure
to the vaccine-targeted HPV types. Clinical trials have reported that the majority of female
participants up to age 26 were not exposed to any vaccine-type at enrollment (55,56), and
therefore stand to benefit completely from the vaccine; however, because the trials excluded
women with more than four sexual partners, it is unclear whether the trial population is
representative of the general U.S. population with respect to exposure status and how these
data extend to women up to 45 years of age. In order to explore the uncertainty in the natural
history of disease, including prior exposure to HPV, we conducted a probabilistic analysis
using 50 distinct parameter sets that fit well to the empirical data on HPV and cervical disease
in the U.S. We found that the probability of HPV vaccination being cost-effective for screened
women ages 35 to 45 was quite low at a threshold of $100,000 per QALY, even at extended
screening intervals.
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This analysis captures the average health and economic impact of the interventions over an
entire population, intended primarily to inform the comparative effectiveness of health
services, a priority recently highlighted in the American Recovery and Reinvestment Act of
2009 (57). Despite its policy focus, the analysis can also provide insights into clinical decision-
making for women with particular screening histories who may benefit differentially from
vaccination and screening. Specifically, our study provides estimates of the potential added
value of vaccination compared not only to the counterfactual scenario (i.e., continuation of
screening without vaccination), but also to new strategies that could involve revised screening
algorithms and testing options (e.g., HPV DNA testing with cytology triage). Although, on
average, we found that HPV vaccination does not provide good value among women of older
age groups, there are undoubtedly individuals who could benefit from the vaccine. Because
there is no conclusive test to identify an individual’s prior infection history, decision making
for an individual will need to involve information about the person’s risk of HPV exposure
(i.e., number of sexual partners) and particular screening history (i.e., compliance and
frequency), as well as the woman’s preferences.

Limitations include uncertainty in the natural history of cervical disease, particularly in older
women. As previously noted (58), whether an HPV infection detected at older ages is a newly-
acquired infection or one that was acquired many years before and has re-emerged will
influence the vaccine’s impact in older women, but is subject to much uncertainty and debate.
Our probabilistic analysis attempts to explore plausible scenarios of natural history
uncertainties, while maintaining a good fit to data that are available from empirical studies.
Also, vaccine efficacy data using HPV infection and cervical disease endpoints are only
available for five years and are only recently being presented for women in older age groups
(59,60). In our analysis, we optimistically assumed that women up to age 45 were fully
compliant to the three-dose vaccine series, and that those without prior exposure to vaccine-
types received complete lifelong protection from the vaccine. Given these optimistic
assumptions, our results could be considered a “best-case scenario”; to the extent that efficacy
is lower or of shorter duration, cost-effectiveness ratios for vaccination strategies may be even
less attractive than presented in the current study.

This analysis did not consider the effects of reduced HPV transmission attributable to
vaccination of older women, resulting in herd immunity benefits. We also did not include the
vaccine’s potential cross-protective effects against other high-risk HPV infections nor the
benefits related to other HPV-associated conditions, such as other anogenital, oral, and
oropharyngeal cancers; the natural histories of these conditions - and contribution of
HPV-16,-18 - are far less certain, and vaccine efficacy data on these outcomes are limited.
Previous cost-effectiveness studies that have included some or all of these factors have
suggested that their inclusion does not offset the diminished efficacy among women of older
ages (16,61).

It is important to note that we did not incorporate the risks of adverse events or diminished
quality of life from vaccination (e.g., side effects) or screening (e.g., overtreatment). Even
though small risks of minor adverse events from either intervention will likely be outweighed
by the overall average benefits at the population level, as data become available, studies should
incorporate all risks and costs associated with a vaccination program. We also assumed that a
woman’s screening interval would not change post-vaccination; since a woman’s particular
history of vaccine-type HPV exposure - and therefore her level of vaccine protection - is
unknowable with certainty in clinical practice, we assumed that extending a woman’s screening
interval without more information would be unjustifiable. Finally, this analysis is not relevant
for women who have never been screened, who may comprise up to 5% of screen-eligible
women in the U.S. (29–31). Both vaccination and screening will likely have beneficial effects
in this population, but the magnitude of benefit from either approach will depend on important
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factors, such as prior exposure to vaccine-targeted HPV types and compliance with the three
necessary doses and screening visits.

Using information that is available now, our results indicate that HPV vaccination of older
women participating in the U.S. screening program provides much lower benefits than
vaccination of pre-adolescent girls and does not provide good health value for the resources
invested, compared with well-accepted health interventions in the U.S. It will be important to
revisit this analysis as more information becomes available regarding the natural history of
HPV and vaccine impact in older women.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Schematic of Decision Tree and Cervical Cancer Natural History Model
Women over age 30 (i.e., ages 35, 40, or 45) who participate in the U.S. screening program
are faced with the decision to get vaccinated or continue with screening only. HPV vaccination
(pink box) involves full adherence to the three-dose series at ages 35, 40, or 45 and provides
complete, lifelong protection against incidence of vaccine-targeted HPV types among women
without prior history of those types at vaccination. Screening (blue box) involves detection of
precancerous lesions that can be treated before development of invasive cancer and may vary
by test (i.e., cytology with HPV DNA testing as triage for equivocal results, with or without a
switch to combined cytology and HPV DNA testing) and frequency (i.e., 1- to 5-year
screening). At the start of the analysis, women may reside in any of the mutually-exclusive,
collectively-exhaustive health states denoted by the boxes. Incidence and progression of HPV
infection and cervical intraepithelial neoplasia, grade 1 (CIN 1) and grade 2,3 (CIN 2,3) depend
on age and HPV type, categorized as type 16, type 18, other high-risk types, and low-risk types.
Women who clear their infections or lesions are noted as having a history of prior HPV infection
and face reduced risks of subsequent type-specific HPV infection due to natural immunity.
Cancer states are stratified by stage (i.e., local, regional, distant) and detection status (i.e.,
undetected, symptom-detected, screen-detected). Death can occur from all-cause mortality
from every health state and excess cancer-specific mortality from cancer states. Note, not all
health states and transitions are shown.
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Figure 2. Cost-Effectiveness of HPV-16,-18 Vaccination of Screened Women and Specific Screening
Algorithm
Bars indicate the incremental cost-effectiveness ratios of adding HPV-16,-18 vaccination to
cervical cancer screening for women who are 35, 40, and 45 years of age, when screening
involves cytology with HPV DNA testing for triage of equivocal results, with no switch (top)
and with a switch to combined cytology and HPV DNA testing after age 30 (bottom). Red
represents the strategy of HPV vaccination in the context of annual screening; green, current
screening; blue, biennial screening. Current screening assumes that among women who have
ever been screened, 53% are screened annually, 17% every two years, 11% every three years,
and 15% every five years (29–31). Ratios for each vaccination strategy are calculated compared
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to the corresponding screening strategy without vaccination; for example, HPV vaccination in
the context of biennial screening for 40-year-old women is compared with biennial screening
without vaccination for 40-year-old women. All ratios are expressed as cost per quality-
adjusted life year ($ per QALY). All costs are expressed in 2006 U.S. dollars.
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Table 1

Cervical Cancer Screening and Cost Parameters *
Variable Input values
Test characteristics (%)
  Cytology (26–28) †
    Sensitivity (CIN 1/CIN 2,3) 70/80
    Specificity 95
  HPV DNA test (4,28) ‡
    Sensitivity (CIN 1/CIN 2,3) 83/93
    Specificity 93
Costs (2006 US dollars) §

  HPV vaccine (per dose) (32–35) ∥
    Vaccine and wastage 134
    Supplies and administration 9
    Patient time and transport 24
  Screening test (5,36–39)
    Cytology 32
    HPV DNA test (Hybrid Capture II) 49
    Office visit 27
    Patient time and transport 26
  Diagnostic follow-up (5,36–38)
    Colposcopy 364
    Biopsy 53
    Office visit 61
    Patient time and transport 51
  Treatment for CIN 2,3 (5) ¶ 3,438
  Treatment for cervical cancer (5) ¶
    Local invasive cancer 26,123
    Regional invasive cancer 27,958
    Distant invasive cancer 44,780
*
CIN, cervical intraepithelial neoplasia, grade 1 (CIN 1) or grade 2,3 (CIN 2,3); HPV, human papillomavirus.

†
Sensitivity for detecting CIN 2,3 was calculated as the weighted average of values from two recent studies reporting conventional and liquid-based

cytology sensitivities using an ASCUS+ threshold (27,28).

‡
HPV DNA testing is assumed to be 100% sensitive (specific) in detecting the presence (absence) of high-risk HPV types. When this assumption is made,

the model generates an implied clinical sensitivity for detecting CIN 1 and CIN 2,3 of 83.0% and 93.0%, respectively, and specificity of 93.0%.

§
Costs were inflation-adjusted to constant 2006 U.S. dollars (USD) using the medical component of the Consumer Price Index (40).

∥
Vaccination assumes three doses; cost per vaccinated individual is $500.

¶
Treatment costs are inclusive of cost of procedures, office visit, and woman’s time.
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