The Cost-Effectiveness of HPV Vaccination in the United States: Estimates from a
Simplified Model

Methods

We adopted a societal perspective and included all direct medical costs and benefits
regardless of who incurred the costs or received the benefits (1,2). Indirect costs such as the lost
productivity associated with cervical cancer mortality (3) and direct nonmedical costs such as
patent travel time were not included in this analysis because previous studies of HPV vaccination
cost-effectiveness focused primarily on direct medical costs and because estimates of indirect
and direct nonmedical costs are not available for all HPV-related health outcomes. Costs were

expressed in 2005 U.S. dollars, except where noted in the comparisons with previous studies.

Vaccine coverage, efficacy and costs

Assumptions regarding vaccine characteristics are summarized in Appendix Table 1. We
assumed the HPV vaccine would be administered to 12-year-old girls starting in year 1 and
continuing through year 100. We assumed vaccinated girls would receive the full vaccine series
(three doses) before age 13 years. Vaccination coverage (the percentage of 12-year-old girls
vaccinated) in years 5 through 100 was 70% in the base case (4). We assumed vaccination
coverage increased linearly, such that coverage rates in years 1, 2, 3, and 4 were 0.2, 0.4, 0.6, and
0.8 times (respectively) the coverage rates in years 5 through 100 (4). Vaccination efficacy was
assumed to be 100%, based on trials showing high efficacy of prophylactic HPV vaccines
against persistent infection and vaccine type-specific CIN 2 and 3 (5-9). The duration of vaccine

protection was assumed to be lifelong, and the cost of vaccination was set to $360 per series (4).

Adverse health outcomes averted by vaccination

We examined the following HPV-related health outcomes: cervical cancer; cervical
intraepithelial neoplasias (CIN) grades 1, 2, or 3; genital warts; and in some analyses, anal,
vaginal, vulvar, and selected oropharyngeal cancers. Estimates of the age-specific incidence rates
of these health outcomes (Appendix Table 2) in the absence of vaccination were used to estimate
the potential reduction in these outcomes that could be obtained through vaccination. For
example, the number of cervical cancer cases averted by the vaccine in a given year t for a given

age group 1 was estimated as: R; (Pi/100,000)(A ;6 + A13)ECi, where R; is the rate of cervical
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cancer (per 100,000) in age group i, P; is the number of females in age group i, Aj¢ and A, are
the percentages of cervical cancer attributable to HPV 16 and HPV 18, respectively, E is vaccine
efficacy, and C;; is the coverage of vaccination in age group i in year t (the percentage of persons
in age group i in year t who were vaccinated at age 12). The number of cases of other health
outcomes (other cancers, CIN 1, CIN 2, CIN 3, and genital warts) averted by vaccination was

estimated in a manner analogous to that for cervical cancer.

The estimated percentage of cervical cancer attributable to HPV 16 and 18 (as well as the
fraction of other health outcomes attributable to various HPV types) was based on several
sources (10-26)(Appendix Table 3). We assumed that the proportion of cancers attributable to
HPV types 16 and 18, respectively, was 76% and 7% for anal cancer, 28% and 4% for vaginal
cancer, 29% and 3% for vulvar cancer, and 31% and 1% for the selected oropharyngeal cancers
we included in this analysis (Appendix Table 3). These attributable proportions for anal, vaginal,
and vulvar cancers were selected such that the proportion attributable to HPV 16 and 18 was
consistent with a recent review of the burden of HPV-related cancers (19), and the impact of
HPV 16 relative to HPV 18 was consistent with a range of published estimates (11-18,20). The
attributable proportions for the selected oropharyngeal cancers were based on a review indicating
HPV prevalence of 35.6% in oropharyngeal squamous cell carcinomas (SCCs), with HPV 16 and
HPV 18 accounting for 86.7% and 2.8% of the HPV-positive oral SCCs, respectively (26). We
assumed that the proportion of CIN 2 attributable to HPV vaccine types was the same as that of
CIN 3, as the source study for this information (23) did not provide different estimates for CIN 2
and CIN 3. This assumption may have caused a slight overestimation of the role of HPV 16 and

18 in CIN 2 and a slight underestimation of the role of HPV 16 and 18 in CIN 3.

Age-specific incidence rates of anal, cervical, vaginal, vulvar, and oropharyngeal cancers
were derived from 2003 population-based cancer registries that participate in the Centers for
Disease Control and Prevention’s National Program of Cancer Registries (NPCR) and the
National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) Program
(27,28). Together, the two cancer registries covered 96% of the United States population in
2003 (27). SEER*Stat software was used to calculate incidence rates and 95% confidence
intervals (29). Because the estimates of the percentage of each cancer attributable to HPV

vaccine types (described above) were based on overall site and not on morphology, we expect
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that our application of these estimated attributable fractions will be conservative given that the
cancer incidence rates we applied were limited (based on morphology) to those more likely to be
HPV-related (30). That is, we limited cervical cancers to include cervical carcinomas (squamous
cell, adenocarcinomas, adenosquamous, and other carcinoma) and we limited all other non-
cervical cancers to include squamous cell carcinomas only (30). Further, we limited
oropharyngeal cancers to selected sites more commonly associated with HPV (base of tongue,
tonsillar, and other oropharyngeal sites), using the following International Classification of
Diseases for Oncology (ICD-0-3) codes: 019, 024, 090, 091, 098, 099, 142, 028, 102, 108, 109,
140, and 148 (30,31).

Age-specific incidence rates of CIN grades 1, 2, and 3, and prevalence rates of genital
warts were based on estimates obtained from the literature (32,33). Prevalence rates of genital
warts in persons aged 65 years and older were adjusted as follows. Rates for persons aged 65 to
69 years were assumed to be as estimated by Insinga and colleagues (33) for ages 65 years and
older. The decrease in prevalence from the 60- to 64-year age group to the 65- to 69-year age
group was applied to all subsequent age groups, such that genital warts prevalence after age 65
years declined steadily with age. We used prevalence estimates for genital warts because age-
specific incidence estimates were not available. In the study from which the prevalence estimates
were obtained (33), the mean duration of genital warts episodes was =3 months, suggesting that
these annual prevalence rates may be similar to annual incidence rates. In the absence of
vaccination, our model predicts #486,000 new cases of genital warts each year, which is

consistent with published estimates ranging from 250,000 to 1,000,000 (34).

Costs averted and QALYs saved by vaccination

The cervical cancer treatment costs averted by vaccination were calculated each year by
multiplying the age-specific number of cervical cancer cases averted by the vaccine in that year
(as described above) by the estimated cost per case of cervical cancer. The estimated cost per
case of cervical cancer and other HPV-related health outcomes was based on several sources
(33-45)(Appendix Table 1). The cost per case of genital warts we applied was based three
published estimates (33—35) and was reduced by 25% to account for the possibility that genital
warts cases might go untreated (34). We estimated the cost per case of vaginal and vulvar

cancers under the assumption that the ratio of these costs to the cost of anal cancer (43) was
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similar to the ratio of these costs as reported in a study of the potential costs averted by HPV
vaccination in British Columbia (44). The cost of oropharyngeal cancers was based on average
Medicare payments among persons with head and neck cancers in the first year of illness minus

the average Medicare payments among matched comparison patients (45).

The number of QALY's saved by preventing cervical cancer was calculated for each year
by multiplying the age-specific number of cervical cancer cases averted by the vaccine in that
year by the estimated age-specific number of QALY's lost per case of cervical cancer (described
below and summarized in Appendix Table 4). For other health outcomes (other cancers, CIN 1,
CIN 2, CIN 3, and genital warts), the treatment costs averted and QALY's saved by vaccination

were estimated in an analogous manner.

Age-specific estimates of QALYs lost per adverse health outcome

The age-specific estimates of the discounted number of QALY's lost per case of cervical
cancer and other cancers, CIN 1, CIN 2, CIN 3, and genital warts were based on published
estimates of the quality of life without adverse these health outcomes (46) and the estimated
reduction in quality of life associated with these HPV-related health outcomes (38,41,47,48), as

described below.

Cervical cancer was assumed to lead to one of six outcomes, based on three possible
stages at diagnosis (local, regional, or distant) and two possible survival outcomes (survival or
death). For survivors, the relative loss in quality of life associated with treatment and followup
was 0.27 for 4 months for local cancer, 0.37 for 3 years for regional cancer, and 0.45 for 3 years
for distant cancer; with subsequent lifelong relative losses in quality of life of 0.07 for local
cancer, 0.1 for regional cancer, and 0.24 for distant cancer. For non-survivors, a relative loss in
quality of life (0.36 for local cancer, 0.41 for regional cancer, and 0.45 for distant cancer) was
assumed for 3 years, followed by death. The quality weights described above, and the estimated
durations of these reductions in quality of life, were based on previously published estimates
(41,47,48). Based on SEER data, the distributions of cervical cancer stage at diagnosis (local,
regional, distant) we applied were: 64%, 29%, and 7%, respectively, for women under 50 years
of age and 40%, 46%, and 14%, respectively, for women 50 years of age and older. For women
4149 years of age, we used a linear combination of these two distributions to allow for a

gradual change with age in the distribution of cancer stage at diagnosis. We applied probabilities
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of survival for local, regional, and distant cervical cancer of 0.94, 0.64, and 0.20, respectively,
for women under 50 years of age and 0.87, 0.50, and 0.09, respectively, for women 50 years of

age and older.

We used a similar approach to calculate the lost QALY s attributable to other cancers. For
each cancer, we applied the same stage-specific quality weights as for cervical cancer, but
applied cancer-specific distributions of the stage at diagnosis (local, regional, or distant) and
cancer-specific, stage-specific survival probabilities. The distributions of stage at diagnosis
(local, regional, or distant) we applied were: 56%, 35%, and 9% for anal cancer; 38%, 37%, and
25% for vaginal cancer; 60%, 35%, and 5% for vulvar cancer; and 17%, 69%, and 13% for
oropharyngeal cancers. These distributions were applied to all age groups. The survival
probabilities we applied for local, regional, and distant cancer were: 0.86, 0.65, and 0.26 for anal
cancer; 0.79, 0.41, and 0.32 for vaginal cancer; 0.91, 0.55, 0.23 for vulvar cancer; and 0.58, 0.51,
and 0.25 for oropharyngeal cancers, based on 5-year survival probabilities obtained from SEER
data. For vaginal cancer diagnosed in the regional stage, the survival probability we applied
(0.41) reflects the upper bound value suggested by the SEER data. We used this higher value so
that the relative change in survival probability across cancer stages (local, regional, and distant)

for vaginal cancer was consistent with that of the other cancers.

CIN 1 was assumed to cause a relative loss in quality of life of 0.03 for 18 months, with
no effect thereafter (47). CIN 2 was assumed to cause a relative loss in quality of life of 0.07 for
18 months, with no effect thereafter, based on estimates of the impact of CIN 1 (47) and the
relative impact of CIN 2 to CIN 1 on quality of life (38). CIN 3 was assumed to cause a relative
loss in quality of life of 0.2 for 4 months and 0.03 for 2 years, and with no effect thereafter (47).

For genital warts in females, the relative loss of quality of life and the duration of such
loss were assumed to be one of the following four scenarios: 0.05 loss for 3 months, 0.1 loss for
6 months, 0.15 loss for 3 months, or 0.15 loss for 6 months, with probability 0.475, 0.475, 0.025,
and 0.025, respectively (47). For genital warts in males, the relative loss of quality of life and the
duration of such loss were assumed to be one of the following four scenarios: 0.1 loss for 3
months, 0.1 loss for 6 months, 0.15 loss for 3 months, or 0.15 loss for 6 months, with probability

0.475, 0.475, 0.025, and 0.025, respectively (47).
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We used these estimates of the impact of HPV-related health outcomes (cervical cancer,
CIN 1, 2, and 3, and genital warts) on quality of life to estimate the QALY lost per case of each
health outcome. For example, as noted above, CIN 1 was assumed to cause a relative loss in
quality of life of 0.03 for 18 months. For a 20-year-old female, the number of lost QALY's
associated with CIN 1 was calculated as 0.03(Q20/2) + 0.03(Q21S20)/(1+r), where Q; denotes the
expected quality of life for a female at age t years in the absence of genital warts, r is the
discount rate, and Sy is the probability that a 20-year-old female would survive to at least age 21
years. The first 6 months of lost quality of life were assumed to occur at age 20 (the Q,o term is
divided by 2 to reflect 6 months of lost quality of life rather than 1 year) and the final 12 months
of lost quality of life were assumed to occur at age 21. The lost quality of life at age 21 was
adjusted to reflect the probability of survival to age 21 and discounted to present value at the
time of onset of the health outcome (in this case, age 20). For other ages, and for other health
outcomes (cervical cancer and other cancers, CIN 2, CIN 3, and genital warts), the age-specific
estimates of the QALY lost per health outcome were calculated in an analogous manner. The
resulting age-specific estimates of the number of lost QALY's associated with these health

outcomes, under the assumptions described above, are summarized in Appendix Table 4.

Cost per QALY gained

Vaccination costs, averted treatment costs, and the number of QALY's saved were
calculated for each year over a 100-year time period, discounted to present value using an annual
discount rate of 3% (49). The cost per QALY gained by vaccination was calculated as (V-A)/Q,
where V is the cost of vaccination, A is the averted treatment costs due to vaccination, and Q is

the number of QALY's saved due to vaccination (50).

Herd immunity scenario

To examine how the estimated cost-effectiveness of vaccination might change if the
benefits of herd immunity were included, we assumed an additional impact of the vaccine on
non-vaccinated persons, including a reduction in genital warts in males. For each health outcome
in females (cervical and other cancers, CIN 1, CIN 2, CIN 3, and genital warts), we assumed that
the number of cases averted in non-vaccinated females in a given age group would be equal to
the number of cases averted in vaccinated females in that age group multiplied by the percentage

of females in that age group not vaccinated multiplied by an adjustment factor F (0<F<1). For
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example, the number of cases of cervical cancer averted through herd immunity in age group i in

year t was calculated as Ri(Pi/100,000)(A 6 + A13)ECi«(1-Ciy)F.

Vaccination of females would be expected to reduce genital warts in males as well. In the
herd immunity scenario, we assumed the percentage reduction in genital warts in males was M

(0<M<1) times the overall percentage reduction in genital warts in females.

We applied 0.5 as the base case value of M, which is consistent with, but slightly more
conservative, than the 0.56 relative reduction in male HPV prevalence (as compared to the
reduction in female HPV prevalence) predicted by a population-level transmission model of
female HPV vaccination (51). We also applied 0.5 as the base case value of F, due to a lack of
available estimates for this parameter value. The implication of this assumption is as follows.
With 70% coverage and 100% efficacy, the direct impact of vaccination in our model is a 70%
reduction in health outcomes attributable to the HPV vaccine types in females. When herd
immunity benefits are included, using the adjustment factor /' = 0.5, the population-level impact
would be an 80.5% reduction in health outcomes attributable to the HPV vaccine types in
females. The uncertainty associated with the adjustment factors F and M is addressed later in the

sensitivity analyses.

Cohort model

To make our results more comparable to Markov models of an age cohort, we modified
our population model to examine the benefits of vaccination of a single cohort of 12-year-old
girls over time. Vaccination costs were incurred in the first year only, and the benefits of
vaccinating the 12-year-old cohort were calculated through age 99 years. The benefits of
vaccination (averted treatment costs and QALY's saved) were calculated as in the main analysis
described above. Because Markov models of age cohorts typically do not include transmission

dynamics, we did not consider the potential benefits of herd immunity in the cohort model.

Base case parameter values

Base case parameter values are summarized in Appendix Tables 1-4. Using these base
case parameter values, we estimated the cost-effectiveness of HPV vaccination under 12
variations of the model (Appendix Table 5). These 12 variations consisted of 4 permutations

(including versus excluding anal, vaginal, vulvar, and oropharyngeal cancers; and including
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versus excluding the benefits of preventing HPV types 6 and 11) of 3 model versions (the
population model with and without herd immunity; and the cohort model without herd
immunity).
Sensitivity analyses

We performed sensitivity analyses to examine how changes in the base case parameter
values influenced the estimated cost-effectiveness of vaccination. We first examined how the
estimated cost-effectiveness estimates of the population model’s herd immunity scenarios (model
variations 5 and 6 in Appendix Table 5, which exclude anal, vaginal, vulvar, and oropharyngeal
cancers) changed under varying assumptions about the impact of herd immunity (F) and the
relative impact (M) of female vaccination on genital warts in males compared to females (F =
M = 0.25, F=M = 0.75). The remainder of the sensitivity analyses focused on the population
model of the quadrivalent HPV vaccine without the adjustment for herd immunity (model

variations 1 and 3 in Appendix Table 5).

We performed one-way sensitivity analyses in which we varied one set of parameter
values while holding other parameters at their base case values. The parameters varied included
the cost of the vaccine series ($300, $490); vaccine efficacy (95%, 99%); the cost per case of all
HPV-related health outcomes (£25% of their base case values); the discount rate (0%, 5%); the
time horizon over which vaccination costs and benefits were assumed to accrue (25 years, 50
years); the incidence rates of health outcomes (£25% of their base case values for CIN1, CIN 2,
CIN 3, and genital warts, and the lower and upper bound ranges of the 95% confidence interval
from the NPCR and SEER data for cancers); the percentage of each health outcome attributable
to HPV vaccine types (£20% of their base case values); and the loss in quality of life associated
with each HPV-related outcome, which was manipulated by varying the reduction in quality of
life (£50% of their base case values) associated with all HPV-related health outcomes and by
varying the survival probabilities for HPV-related cancers (+£2 standard errors). We also
performed multi-way sensitivity analyses by varying two or more sets of these parameter values

simultaneously.

Comparison with previous cost-effectiveness studies

To compare our results with previously published estimates, we modified the parameter

inputs to match as closely as possible several key attributes of the models applied in these
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previous studies. Specifically, we used our cohort analyses when comparing our results to that of
published Markov models and used our population model with assumed herd immunity effects
when comparing our results to those of transmission models, and we closely followed the other
models in their assumptions regarding vaccine price, efficacy, coverage, and duration of
protection; base year in which costs were reported; and HPV types targeted by the vaccine

(bivalent or quadrivalent).

In our comparison to the Markov model of Goldie et al. (41), we applied our cohort
model, adjusted two parameter values (vaccine efficacy = 0.9, vaccine cost = $393), and
calculated the cost per QALY gained in 2002 U.S. dollars. We focused only on the benefits of
preventing HPV 16 and 18, and excluded herd immunity effects and the benefits of preventing

anal, vaginal, vulvar, and oropharyngeal cancers.

In our comparison to the Markov model of Sanders and Taira (52), we applied our cohort
model, set vaccine cost to $300, and calculated the cost-per-QALY gained in 2001 U.S. dollars.
Sanders and Taira examined a vaccine with 75% efficacy against high risk HPV types. To mirror
this assumption in our model, we assumed 100% efficacy against HPV 16 and 18 but changed
the percent of cervical cancer attributable to HPV 16 and 18 from 70% to 75%. We adjusted the
percentage of CIN 1, CIN 2, and CIN 3 attributable to HPV 16 and 18 by the same proportion.
We focused only on the benefits of preventing HPV 16 and 18, and excluded herd immunity
effects and the benefits of preventing anal, vaginal, vulvar, and oropharyngeal cancers. Finally,
to make the comparison more valid, we compared our results to Sanders and Taira’s estimated
cost per QALY of $12,700 when assuming lifetime duration of protection, rather than their base

case estimate of $22,800 when assuming 10 years duration of vaccine protection.

In our comparison to the transmission model of Taira et al. (53), we applied our
population model (with herd immunity included), adjusted two parameter values (vaccine
efficacy = 0.9, vaccine cost = $374), and calculated the cost per QALY gained in 2001 U.S.
dollars. The $374 cost was chosen to reflect the $300 cost of the vaccine series and the
discounted cost of the $100 booster required 10 years after the initial series as assumed by Taira
and colleagues. We were unable to match the assumption of Taira and colleagues of waning
vaccine protection 10 years after the booster. Thus, in this comparison, the initial vaccine series

and booster shot were assumed to provide lifetime protection in our simplified model as opposed
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to 20 years protection in the model by Taira and colleagues. We focused only on the benefits of
preventing HPV 16 and 18 and excluded the benefits of preventing anal, vaginal, vulvar, and

oropharyngeal cancers.

In our comparison to the transmission model of Elbasha et al. (4), we applied our
population model and calculated the cost per QALY gained in 2005 U.S. dollars. We included
the benefits of protection against HPV 6,11,16 and 18 and the benefits of herd immunity, but

excluded the benefits of preventing anal, vaginal, vulvar, and oropharyngeal cancers.

Because our simplified approach does not directly incorporate cervical cancer screening
activities (which instead are reflected in the incidence rates of CIN and cervical cancer we
applied), we did not compare our model results to those of Kulasingam and Myers (38), who
examined the cost-effectiveness of vaccination in the context of various cervical cancer

screening strategies.

Additional analysis and results: Anal, vaginal, and vulvar cancer precursor

lesions

As a supplement to the main analyses, we also examined how the estimated cost-
effectiveness of vaccination might change when including the potential impact of vaccination on
the incidence of anal, vaginal and vulvar cancer precursor lesions. The inclusion of these
additional health outcomes is problematic due to the lack of information available on the
treatment cost and quality of life impacts of these health outcomes. However, to obtain a rough
approximation of the potential impact of the inclusion of these precursor lesions on our results,
we estimated the vaccine impact (treatment costs averted and QALY's saved) on anal, vaginal,
and vulvar cancer precursor lesions as described below. We note, however, that the anal, vaginal,
and vulvar cancer precursor lesions were included only in this supplemental analysis, and were

not included in the results reported elsewhere.

The treatment cost averted by preventing anal, vaginal, and vulvar cancer precursor
lesions was calculated as (0,/0,)x0s%c, where 0, is the averted costs associated with cervical
cancer precursor lesions (CIN 1-3), 0, is the averted cost of cervical cancer, 05 is the averted cost
of anal, vaginal, and vulvar cancers, and ¢ is an adjustment factor. That is, we assumed the ratio

of the averted costs of anal, vaginal, and vulvar cancer precursor lesions to the averted costs of

Page 10 of 17



anal, vaginal, and vulvar cancers would be equal to the ratio of the averted costs of cervical
cancer precursor lesions to the averted costs of cervical cancer, multiplied by an adjustment
factor (o). We first used an adjustment factor of 0.5, as the ratio of the cost of precursor lesions
to the cost of cancer may be lower for anal, vaginal, and vulvar cancers than for cervical cancer,
because screening (which can increase the number of precursor lesions detected and reduce the
incidence of cancer) is more common for cervical cancer than for anal, vaginal, or vulvar
cancers. We also applied an adjustment factor of 1.0 to examine the sensitivity of the results to
this adjustment. The number of QALY's saved by preventing anal, vaginal, and vulvar cancer

precursor lesions was estimated in an analogous manner.

As reported in the main text, when applying the population model without assuming herd
immunity, the estimated cost per QALY averted by a quadrivalent vaccine was $8,137 when
including anal, vaginal, vulvar, and oropharyngeal cancers. When anal, vaginal and vulvar
cancer precursor lesions were also included as described above, the estimated cost per QALY

was $6,754 (when ¢ = 0.5) and $5,447 (when ¢ = 1.0).
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Table 1: Base case values of vaccine characteristics, treatment costs, and other parameters

Parameter Base case value Source

Vaccine characteristics
Vaccine efficacy 100% (5-9)
Duration of vaccine protection Lifetime (4)
Vaccine coverage 70% (4)
Vaccine cost per series $360 (4)

Treatment cost per case
Genital warts $425 (33-35)*
CIN 1 $1,739 (36,38-42)
CIN 2 $3,233 (36,38-42)
CIN 3 $3,671 (36,38-42)
Cervical cancer $31,120 (37-42)
Anal cancer $29,206 (43)
Vaginal cancer $24,837 (43,44)*
Vulvar cancer $20,468 (43,44)*
Oropharyngeal cancers $34,098 (45)*

Herd immunity adjustment factors*
F (females) 0.5 Assumed
M (males) 0.5 Assumed
Other

Discount rate, annual 3% (49)

Time horizon 100y Assumed

CIN: cervical intraepithelial neoplasia.

Treatment cost estimates reflect the expected, discounted lifetime costs, and were updated to 2005 U.S. dollars using the medical care component of
the consumer price index.

*See text for more details.

Table 2: Age specific incidence rates of cervical and other cancers, CIN 1, CIN2, CIN 3, and prevalence rates of genital warts (per
100,000) applied in the model

Age Cervical CIN 1 CIN 2 CIN 3 Genital Genital Anal Vaginal Vulvar Oropharyngeal
cancer warts warts cancer cancer cancer cancers
(females) (males)

12-14 0 0 0 0 43 41 0 0 0 0
15-19 0* 160 80 30 287 65 0 0 0* 0
20-24 1.3 510 320 130 620 293 0 0* 0* o*
25-29 5.8 140 380 410 394 501 o* 0* 0.2 o*
30-34 11.3 240 140 180 265 388 0* 0* 0.4 0.2
35-39 13.5 240 140 180 199 252 0.6 0.2 0.9 0.4
40-44 15.3 120 50 50 139 189 1.5 0.3 1.8 1.0
45-49 13.7 120 50 50 144 128 2.6 0.4 22 1.7
50-54 12.6 70 40 10 92 118 34 0.6 25 25
55-59 13.4 70 40 10 86 86 43 0.7 2.6 35
60-64 12.2 40 10 0 76 100 5.0 0.7 3.3 45
65-69 12.3 40 10 0 55 87 4.4 1.6 4.4 5.2
70-74 11.3 20 0 10 40 76 5.6 14 5.8 5.2
75-79 10.5 20 0 10 29 66 5.6 1.9 8.0 43
80-84 10.7 0 0 0 21 57 5.4 2.3 9.7 4.0
85-89 9.0 0 0 0 15 50 5.5 3.2 1.7 29
90-94 9.0 0 0 0 11 43 55 3.2 11.7 2.9
95-99 9.0 0 0 0 8 38 5.5 3.2 11.7 2.9

CIN: cervical intraepithelial neoplasia. Cancer incidence rates were obtained from NPCR and SEER data (see appendix text). Oropharyngeal cancer
sites included base of tongue, tonsillar, and other sites as described elsewhere in this appendix. The CIN incidence rates and genital warts prevalence
rates were obtained from studies by Insinga and colleagues (32,33). The prevalence rates of genital warts in persons over age 65 y were adjusted as
described elsewhere in this appendix. We assumed a rate of 0 for CIN in the 12- to 14-y age group.

*Cancer case counts are suppressed and incidence rates are not calculated if fewer than 16 cases. We assumed a rate of 0 in these instances.
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Table 3: Estimated percentages of health outcomes attributable to various HPV types

Health outcome HPV 6,11 HPV 16 HPV 18 Source
Genital warts 90.0% 0% 0% (10,24,25)

CIN 1 6.3% 19.4% 9.2% (22)

CIN 2 0% 45.8% 10.0% (23) *

CIN3 0% 45.8% 10.0% (23) *
Cervical cancer 0% 58.0% 12.0% (10,19,21)

Anal cancer 0% 76.0% 7.0% (11,12,14,17,19,20) *
Vaginal cancer 0% 28.0% 4.0% (13,14,16,19) *
Vulvar cancer 0% 29.0% 3.0% (14-16,18,19) *
Oropharyngeal cancers 0% 31% 1% (26) *

*See appendix text for more details.

Table 4: Expected number of discounted lifetime quality-adjusted life years (QALYS) lost as a result of HPV-related health
outcomes, by age group

Age Cervical CIN 1 CIN 2 CIN 3 Genital Genital Anal Vaginal Vulvar Oropharyngeal
cancer warts warts cancer cancer cancer cancers
(females) (males)
12-14 6.6 0.04 0.10 0.12 0.03 0.04 8.1 12.6 7.6 13.8
15-19 6.4 0.04 0.09 0.11 0.03 0.04 7.9 12.2 7.4 13.3
20-24 6.1 0.04 0.09 0.11 0.03 0.04 7.5 11.7 71 12.8
25-29 5.8 0.04 0.09 0.11 0.03 0.04 7.2 11.1 6.8 12.2
30-34 55 0.04 0.09 0.11 0.03 0.04 6.8 10.5 6.4 11.5
35-39 5.1 0.04 0.09 0.11 0.03 0.03 6.3 9.8 6.0 10.7
40-44 5.4 0.04 0.09 0.11 0.03 0.03 5.8 9.0 5.5 9.8
45-49 6.4 0.04 0.09 0.11 0.03 0.03 53 8.2 5.0 8.9
50-54 6.5 0.04 0.09 0.11 0.03 0.03 4.7 7.3 4.5 8.0
55-59 5.7 0.04 0.08 0.10 0.03 0.03 4.2 6.4 3.9 7.0
60-64 4.9 0.03 0.08 0.10 0.03 0.03 3.6 55 34 6.0
65-69 4.1 0.03 0.08 0.10 0.03 0.03 3.0 4.6 2.8 5.0
70-74 3.2 0.03 0.08 0.09 0.03 0.03 24 3.6 23 4.0
75-79 25 0.03 0.07 0.08 0.02 0.03 1.8 2.8 1.7 3.0
80-84 1.8 0.03 0.07 0.08 0.02 0.03 1.4 2.0 1.3 2.2
85-89 1.3 0.03 0.07 0.08 0.02 0.03 1.0 1.5 0.9 1.6
90-94 1.0 0.03 0.07 0.08 0.02 0.03 0.8 1.1 0.8 1.3
95-99 0.4 0.02 0.06 0.07 0.02 0.03 0.4 0.5 0.3 0.5

CIN: cervical intraepithelial neoplasia. See appendix text for details.

Table 5: Description of 12 model variations estimated using base case parameter values

Variation Type of model Herd immunity included? Anal, vaginal, vulvar, and Protection against HPV 6-11
oropharyngeal cancers included?
included?
1 Population No No Yes
2 Population No No No
3 Population No Yes Yes
4 Population No Yes No
5 Population Yes No Yes
6 Population Yes No No
7 Population Yes Yes Yes
8 Population Yes Yes No
9 Cohort No No Yes
10 Cohort No No No
11 Cohort No Yes Yes
12 Cohort No Yes No
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