1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Sex Transm Dis. Author manuscript; available in PMC 2023 February 27.

-, HHS Public Access
«

Published in final edited form as:
Sex Transm Dis. 2021 April 01; 48(4): 278-284. doi:10.1097/0L.Q.0000000000001379.

The Estimated Lifetime Medical Cost of Diseases Attributable to
Human Papillomavirus Infections Acquired in 2018

Harrell W. Chesson, PhDY", Jean-Francois Laprise, PhD?, Marc Brisson, PhD2:34, Dave
Martin, PhD?2, Donatus U. Ekwueme, PhD®, Lauri E. Markowitz, MD6

1Division of STD Prevention, National Center for HIV/AIDS, Viral Hepatitis, STD, and TB
Prevention, Centers for Disease Control and Prevention, Atlanta, Georgia, USA

2Centre de recherche du CHU de Québec-Université Laval, Québec, Canada
3Département de médecine sociale et préventive, Université Laval, Québec, Canada
4Department of Infectious Disease Epidemiology, Imperial College, London, UK

5Division of Cancer Prevention and Control, National Center for Chronic Disease Prevention and
Health Promotion, Centers for Disease Control and Prevention, Atlanta, Georgia, USA

6Division of Viral Diseases, National Center for Immunization and Respiratory Diseases, Centers
for Disease Control and Prevention, Atlanta, Georgia, USA

Abstract

Introduction: We estimated the lifetime medical costs of diagnosed cases of diseases attributable
to human papillomavirus (HPV) infections acquired in 2018.

Methods: We adapted an existing mathematical model of HPV transmission and associated
diseases to estimate the lifetime number of diagnosed cases of disease (genital warts; cervical
intraepithelial neoplasia; and cervical, vaginal, vulvar, penile, anal, and oropharyngeal cancers)
attributable to HPV infections that were acquired in 2018. For each of these outcomes, we
multiplied the estimated number of cases by the estimated lifetime medical cost per case obtained
from previous studies. We estimated the costs of recurrent respiratory papillomatosis in a separate
calculation. Future costs were discounted at 3% annually.

Results: The estimated discounted lifetime medical cost of diseases attributable to HPV
infections acquired in 2018 among people aged 15-59 years was $774 million (in 2019 U.S.
dollars), of which about half was accounted for by infections in those aged 15-24 years. HPV
infections in women accounted for about 90% of the lifetime number of diagnosed cases of
disease and 70% of the lifetime cost attributable to HPV infections acquired in 2018 among ages
15-59 years.

Conclusions: We estimated the lifetime medical costs of diseases attributable to HPV infections
acquired in 2018 to be $774 million. This estimate is lower than previous estimates and likely
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represents the impact of HPV vaccination. The lifetime cost of disease attributable to incident
HPV infections is expected to decrease further over time as HPV vaccination coverage increases.

Summary:

The estimated discounted lifetime medical cost of diseases attributable to HPV infections acquired
in 2018 among people aged 15-59 years was $774 million.

Background

Human papillomavirus (HPV) imposes a considerable health and economic burden in the
United States.1~3 An estimated 34,800 cancers were caused by HPV annually in the United
States from 2012 through 2016, including 13,500 oropharyngeal cancers among men and
women, 10,900 cervical cancers among women, 6,200 anal cancers among men and women,
3,400 vaginal and vulvar cancers among women, and 800 penile cancers among men.* The
lifetime direct medical costs of diseases caused by HPV infections acquired in 2008 was
estimated at $1.9 billion (updated to 2019 US dollars).2

The purpose of this study was to update the estimated cost of incident HPV infections

in the United States. Specifically, we estimated the lifetime medical costs of diseases
caused by HPV infections acquired in 2018. This updated cost estimate is warranted for
three main reasons. First, the most current available estimate? was calculated for HPV
infections acquired in 2008, and thus is over a decade old. Second, numerous cost studies
published over the past four years®11 have suggested that the average medical treatment
cost per HPV-associated cancer is substantially greater than estimated by older studies.
Third, by reducing HPV incidence, HPV vaccination can substantially reduce the lifetime
medical costs attributable to incident HPV infections. In fact, the HPV vaccination program
in the United States launched in 2006 has already shown promising results in reducing
the health burden of HPV.12 For example, notable reductions in HPV prevalence,13-16
genital warts,17-19 and cervical cancer precursors?%-23 have been documented. Over time,
more pronounced effects of HPV vaccination are expected, including reductions in HPV-
associated cancers.24:25 This study provides an updated estimate of the lifetime medical
costs attributable to HPV infections acquired in a given year in the context of the ongoing
HPV vaccination program in the United States.

Our estimation of the lifetime medical costs of treating diseases attributable to HPV
infections acquired in 2018 is part of a larger project to update the available estimates

of the incidence, prevalence, and cost of major STls in the United States in 2018.26:27

In 2013, estimates of the prevalence and incidence?® of STIs in the United States and of
the corresponding lifetime medical costs? were provided for 2008. These 2008 estimates
have been cited in governmental budget justifications,?? in published HPV vaccination
recommendations of the Advisory Committee on Immunization Practices,30 and in STI
treatment guidelines,318 illustrating the usefulness of these data for policymakers.
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We estimated the lifetime medical costs attributable to HPV infections acquired in 2018
among persons aged 15-59 years in the United States. We focused on HPV infections
acquired by those aged 15-59 years to be consistent with the estimates of HPV incidence
and prevalence presented by Lewis and colleagues in this Special Issue,32S in which an upper
age of 59 years was necessitated by the availability of prevalence data from the National
Health and Nutrition Examination Survey (NHANES). We examined costs from the health
care sector perspective, thereby including direct medical costs regardless of payer (e.g.,
insurer, government, patient co-pay). Costs were estimated in 2019 U.S. dollars.

Our analysis of the lifetime medical costs attributable to HPV infections acquired in

2018 consisted of three main steps. In the first step, we used a model to estimate the
lifetime number of diagnosed cases of disease attributable to HPV infections that were
acquired in 2018. The health outcomes assessed by the model were: genital warts; cervical
intraepithelial neoplasia (CIN) grade 1 (CIN1) and grade 2/3 (CIN2/3); and cervical,
vaginal, vulvar, penile, anal, and oropharyngeal cancers. We included CIN outcomes
because the HPV advise model included cervical cancer screening. However, the model

did not include screening for other cancers (such as anal cancer) and thus we did not
include precancerous lesions for non-cervical cancers. In the second step, for each of these
outcomes, we multiplied the estimated number of cases by the estimated lifetime medical
cost per case to estimate the lifetime medical costs attributable to HPV infections acquired
in 2018. In the third step, we expanded this estimate of the lifetime medical costs to include
two additional health outcomes: juvenile-onset recurrent respiratory papillomatosis (JORRP)
and adult-onset recurrent respiratory papillomatosis (AORRP). We estimated the costs of
JORRP and AORRP separately as these two outcomes were not included in the HPV model
we applied in this study. These three steps are described in more detail below.

Step one: Model-based estimates of health outcomes attributable to HPV infections
acquired in 2018

We used HPV-ADVISE, a dynamic, individual-based model of HPV infection and disease
that has been calibrated to U.S. data and applied in cost-effectiveness analyses of a range
of HPV vaccination strategies in the United States.24:335-35 The model was calibrated to
pre-vaccination data and its predictions have been validated against updated surveillance
data.36s Complete details of the model, including model structure, cervical cancer screening
assumptions, data sources, calibration, and validation are available online at https://marc-
brisson.net/HPVadvise-US.pdf.

Our model approximated the HPV vaccination program in the United States. Specifically,
we modeled the introduction of 4-valent vaccination of girls in 2007 and of gender-neutral
vaccination in 2011, and the introduction of 9-valent vaccination in 2015. HPV vaccination
coverage in the model was based on historical HPV vaccination coverage data in the United
States, in order to reflect the ongoing HPV vaccination program.33s:375-40S \\We assumed
age-specific vaccine uptake rates to be constant at 2016 values from 2017 onwards. This
simplifying assumption was based on data availability at the time the model simulations
were run. However, even when keeping uptake rates constant at 2016 values, vaccination
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coverage in the population continued to increase over time in the model due to cohort
effects. We assumed 0% vaccine efficacy until the 2"d dose, and that full efficacy (95%)
is achieved with the 2" dose. The Appendix provides more details about historical HPV
vaccination coverage in the model.

We used the model to estimate the cumulative number of detected cases of disease over a
time horizon of 90 years that could be attributed to HPV infections acquired in 2018. Long
time horizons of 90-100 years are commonly applied in health economic models of HPV to
ensure inclusion of all relevant future outcomes, such as HPV cancers that can occur decades
after HPV infection.33s415-43s We defined a disease case attributable to HPV acquisition in
2018 as one that resulted from progression of an infection that was acquired in 2018. The
model included 18 HPV types: 6/11/16/18/31/33/35/39/45/51/52/56/58/59/66/68/73/82.

When assessing the number of CIN1 cases, false positive CIN1 results (CIN1 results for
which the underlying true state is not CIN1) were excluded. We also excluded results when
the true state was CIN1, but the diagnosis was normal or CIN2/3. Similarly, when assessing
the number of CIN2/3 cases, CIN2 and CIN3 diagnoses differing from the underlying true
state (such as false positives) were excluded. The number of CIN2/3 diagnoses reflects the
sum of CIN2 and CIN3 diagnoses. In the model, some women diagnosed with CIN2 may,
for reasons such as treatment failure or loss to follow-up, have a subsequent colposcopy with
a CIN3 result. In such cases, both the CIN2 and the CIN3 outcomes were counted.

The HPV-ADVISE model applied the 50 parameter sets that provided the best fit to over
700 data target points for sexual behavior, HPV epidemiology, and cervical cancer screening
in the United States.24 For each parameter set, the model ran 20 simulations. For our base
case results, we applied the average number of disease cases caused by infections acquired
in 2018 across all model simulations. In the sensitivity analyses, we incorporated data from
the 10t and 90™ percentiles of results across the 50 parameter sets.

Step two: Multiplying by the discounted, lifetime medical cost per case

The lifetime medical cost estimates we used (Table 1) were based primarily on a recent
study of the cost-effectiveness of HPV vaccination in the United States,*4S which compiled
cost data from a range of sources.1:>-114345-53 For this analysis, the cost estimate we

used for penile cancer incorporated data from a 2019 study!! following the same general
methods used to compile cancer cost estimates in the recent cost-effectiveness study.*4s
These compilation methods ensured that the resulting base case cost estimate for each cancer
site was not based on a single study (e.g., the anal cancer cost was a combination of
estimates from a study of Medicare data and a study of national health care claims data). All
costs have been updated to 2019 U.S. dollars using the Personal Consumption Expenditures
Price Index for health care (https://www.bea.gov/).

For each health outcome, the total lifetime cost was calculated by multiplying the estimated
number of diagnosed cases of the outcome attributable to HPV infections acquired in 2018
by the discounted cost per case of the outcome. For example, for anal cancer in women, we
multiplied the estimated number of diagnosed cases of anal cancer in women attributable

to HPV infections acquired in 2018 according to the HPV-ADVISE model by the estimated
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discounted cost per case of anal cancer listed in Table 1 ($30,000). The discounted cost

per case estimates were calculated using the estimated cost per diagnosed health outcome,
discounted to the year 2018 at a rate of 3% annually (Table 1). To simplify the model
calculations, we discounted the cost of each health outcome for the number of years listed

in Table 1. These values reflect assumptions regarding the median duration from HPV
acquisition to diagnosis of the health outcome, based on modeling estimates,2335:54s studies
of placebo arms of HPV vaccine trails, 35965 and the median age of cancer diagnosis®’s as
described in the Appendix. For example, for all cases of anal cancer in women attributable to
HPV infections acquired in 2018 in the HPV-ADVISE model, we discounted the treatment
cost for 39 years (Table 1), although these anal cancer cases could have occurred at any time
in the 90-year time horizon we examined.

Step three: Estimating the burden of recurrent respiratory papillomatosis (RRP)

As noted previously, the HPV-ADVISE model that we applied did not include the health
outcomes of JORRP and AORRP. The HPV-ADVISE model was calibrated to highly-
stratified sexual behavior and HPV epidemiology data from the United States. A main
reason why HPV-ADVISE does not include RRP is that the necessary data (e.g., age-specific
incidence estimates for JORRP and AORRP) are limited and subject to considerable
uncertainty. In order to include RRP in this analysis, we simply assumed that the burden

of RRP could be estimated as a function of the burden of genital warts. We used the genital
warts cost burden to approximate the RRP cost burden because HPV types 6 and 11 account
for 90% to 100% of RRP and genital warts.13 In Australia, declines in incidence of 80%

or more have been reported for genital warts among young adults and for JORRP since the
onset of their national HPV vaccination program in 2007.585-605 These comparable declines
suggest that after a decade or so of HPV vaccination, relative declines in genital warts can be
a reasonable proxy measure for relative declines in RRP.

We assumed that the combined medical cost burden of JORRP and AORRP would be equal
to 60% that of genital warts. This assumption was based on the relative cost burden of
these health outcomes in a 2012 study, in which the estimated annual cost (updated to 2019
dollars) was $328 million for genital warts, $140 million for JORRP, and $55 million for
AORRP. The 60% adjustment was calculated as ($140+$55)/$328.

Sensitivity analyses

We first examined how our estimates of the discounted lifetime cost of diseases attributable
to HPV infections acquired in 2018 would change when we varied assumptions about
either the cost per case of each health outcome or the lifetime number of health outcomes
attributable to HPV incidence in 2018. When varying the cost per case assumptions, we
simultaneously set all cost per case assumptions to either their lower or upper bound values
(Table 1). When varying the number of health outcomes attributable to HPV infections
acquired in 2018, we simultaneously applied either the 10t percentile or 90t percentile of
results from the HPV-ADVISE model. We also conducted probabilistic sensitivity analyses
in which the discounted lifetime cost of diseases attributable to HPV infections acquired in
2018 was estimated 10,000 times, each time drawing a random value for the lifetime number
of cases of each outcome, the discounted cost per case of each outcome, and for the ratio of
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RRP costs to genital warts costs. To illustrate the distribution of these 10,000 simulations,
we calculated the 2.5t 10t 25t 75t 90t and 97.5t percentiles.

The distributions we used for drawing these random values are summarized here and
described in more detail in the Appendix. For each health outcome in the model, we applied
a custom distribution designed to match the 10t 25t 75t and 90 percentiles of the
model results. Because of correlation across simulations of the HPV-ADVISE model in the
predicted numbers of health outcomes (e.g., model simulations in which HPV incidence

in 2018 is higher than the average across all simulations are likely to yield predictions

that are higher than average for the lifetime number of cervical cancers and penile cancers
attributable to infections acquired in 2018), we assumed a 50% correlation across the health
outcomes in the 10,000 estimations in our probabilistic sensitivity analysis. We assumed the
lifetime cost per case estimates followed a lognormal distribution. For the cost estimate for
each health outcome, we chose distribution parameters consistent with the mean and range
listed in Table 1 as described in the Appendix. Because of similarities in methodology and
data sources for the cost per case estimates for cancer (e.g., the use of medical claims data
from Texas informed our cost estimates for cervical cancer and oropharyngeal cancer),>? we
assumed a 50% correlation across the cancer cost estimates in the 10,000 estimations in our
probabilistic sensitivity analysis. To account for uncertainty in our estimate of the costs of
RRP, the ratio of RRP costs to genital warts cost (assumed to be 60% in the base case) was
varied from 20% to 100% using a uniform distribution.

The mean estimated number of diagnosed cases of HPV-associated health outcomes
attributable to HPV infections acquired in 2018 among ages 15-59 years ranged from 454
for penile cancer to 162,974 for CIN1 (Table 2). For HPV infections acquired in 2018
among ages 15-24 years, these estimates ranged from 265 for penile cancer to 103,660 for
CINL.

The estimated discounted lifetime medical costs of diseases attributable to HPV infections
acquired in 2018 was $774 million among people aged 15-59 years and $407 million for
infections acquired among people aged 15-24 years (Table 3). The health outcome CIN1
accounted for the largest proportion of cost of any of the health outcomes (29% for ages
15-59 years and 35% for ages 15-24 years). HPV infections in women accounted for about
90% of the lifetime number of diagnosed cases of disease and 70% of the lifetime cost
attributable to HPV infections acquired in 2018 among ages 15-59 years, and the burden on
women was even more disproportionate for ages 15-24 years.

The cost of diseases attributable to HPV infections acquired in 2018 among ages 15-59 years
ranged from $431 million when applying the lower cost per case for all health outcomes to
about $1,143 million when applying the upper bound cost per case estimate for all health
outcomes (Table 4). This cost estimate ranged from $362 million to $1,398 million when
applying the 10t and 90t™ percentiles of the HPV-ADVISE model predictions regarding the
number of lifetime cases of each health outcome attributable to HPV infections acquired in
2018. In the probabilistic sensitivity analyses, the 10t and 90t percentiles of the 10,000
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calculations of the total cost of diseases attributable to HPV infections acquired in 2018
ranged from $413 million to $1,280 million for ages 15-59 years and from $206 million to
$721 million for ages 15-24 years.

Discussion

We estimated that the lifetime medical costs of diseases attributable to incident HPV
infections in 2018 was about $774 million in the base case, and within a range of about
$362 million to $1,398 million in most of the sensitivity analyses. Increased adherence to
recommendations for routine vaccination at age 11 or 12 years and for catch-up vaccination
through age 26 years could decrease burden of disease and costs due to HPV infection.81s

Our findings will contribute to updated estimates of the overall medical cost burden of
STIs in the United States. Previous estimates of the medical burden of ST1s2:625 have been
cited not only in policy-related documents such as government budget justifications2® and
HPV vaccination recommendations®3 but also in cost-effectiveness studies that can inform
policy. 64s-66s

The current $774 million estimate is consistent with, but lower than, a previous estimate

of $1.9 billion (updated to 2019 dollars) for incident HPV infections in 2008.2 Obtaining

a lower estimate for the costs of diseases attributable to incident HPV infections in 2018
compared to 2008 was expected, given the impact of the HPV vaccination program initiated
in mid-2006 in the United States.12 Moreover, the difference between our estimate for

2018 and the previous estimate for 2008 would have been even more pronounced if our
analysis had not incorporated recent cost estimates for the treatment of HPV-associated
cancers,511.51s 35 these recent cancer cost estimates are substantially higher than those
applied in the previous study.?

Our estimate of $774 million for the lifetime medical costs of diseases attributable to
incident HPV infections in 2018 is substantially lower than a previously reported $9.1
billion (updated to 2019 US dollars) estimated annual cost of the prevention and treatment of
prevalent disease associated with HPV in the United States in the pre-vaccine era.! However,
these estimates are not directly comparable, for two main reasons. First, of the $9.1 billion
estimate, about $6.1 billion was attributable to routine cervical cancer screening, which was
not included in our study. Second, our $774 million estimate reflects costs associated with
diseases attributable to incident HPV infections, whereas the $9.1 billion estimate includes
costs of treating prevalent HPV diseases, regardless of the year in which the causal HPV
was acquired and without discounting to the time of infection. Our study has provided an
updated estimate of the cost of diseases attributable to incident HPV infections; updated
estimates of the cost of prevalent diseases attributable to HPV are needed in order to provide
a more complete picture of the medical cost burden of disease attributable to HPV.

Our estimates of the lifetime number of diagnosed cases of disease attributable to HPV
infections acquired in 2018 are subject to considerable uncertainty. The variation in results
across the many simulations performed by the HPV-ADVISE model reflects uncertainty in
all the factors that can affect the burden of HPV, such as sexual behavior, the probability
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of HPV transmission, the natural history of HPV, and cervical cancer screening. By using
50 different parameter sets that produced results that closely matched available data, the
HPV-ADVISE model was able to capture and quantify this uncertainty.

Our analysis did not consider potential changes in screening for HPV-associated cancers,
such as modifications to existing cervical cancer screening activities. Changes in screening
could affect the probability that an HPV infection acquired in 2018 would eventually lead

to diagnosed cases of cancer or precancerous lesions. Our analysis did not include the costs
associated with HPV infections acquired in 2018 among those younger than 15 years and
older than 59 years. However, the degree of bias resulting from this limitation is likely
limited, given that the percentage of all incident infections that occur outside of the 15- to
59-year age group is small and that HPV infections acquired after age 59 years might be
relatively less likely to incur long-term cancer costs due to higher competing mortality risks.

The HPV-ADVISE model includes 18 HPV types, not all HPV types. However, because
only a small percentage of HPV-associated health outcomes are attributable to HPV types
other than the 18 HPV types in the model, the effect of excluding these other HPV types
on our estimates of the number and cost of HPV-associated health outcomes attributable to
HPV acquisition in 2018 is likely trivial.

The HPV-ADVISE model did not include RRP; therefore, we performed a simple
approximation of the costs of JORRP and AORRP. Because the estimated costs of JORRP
and AORRP represent a small fraction (<4%) of the total estimated cost of diseases
attributable to HPV infections acquired in a given year, it is unlikely that the approximation
for estimating the costs of RRP had a substantial effect on our total cost estimate.

Our analysis focused on the direct medical costs of diseases attributable to HPV infections
acquired in 2018 in the context of current cervical cancer screening uptake in the United
States. We did not include costs associated with prevention of HPV and HPV-associated
health outcomes, such as the costs of HPV vaccination and the cost of routine cervical
cancer screening. The cost burden of HPV would be greater if these prevention activities
were included. Further, in the absence of these prevention efforts, HPV incidence in

2018 and the lifetime costs of diseases associated with this incidence would likely be
substantially higher than we estimated. However, assessments of the health economics of
HPV vaccination and cervical cancer screening were beyond the scope of this analysis.
Instead, we note that detailed projections of the number of cancer cases averted, medical
costs averted, and number of quality-adjusted life-years saved over the first 70 to 100
years of HPV vaccination in the United States have been published elsewhere, based on
the HPV-ADVISE model?434s and other models.#15:425.44s Similarly, estimates of the cost-
effectiveness and health impacts of cervical cancer screening®7s-6% and interventions to
increase HPV vaccination coverage are also available.”0s.71s

Our study has four main strengths. First, the HP\V-ADVISE model we applied has been
vetted through peer review in numerous previous applications.24:335-355 |mportantly, model
predictions of the early effects of HPV vaccination in the United States have closely
matched available data regarding reductions in HPV prevalence and genital warts.36s
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Second, the model was able to estimate the number of HPV incident infections in 2018

and to track these infections for up to 90 years to assess the number of adverse health
outcomes attributable to these infections. In contrast, previous estimates of the cost of
diseases attributable to incident HPV infections?:62S were approximated by performing
back-calculations to existing estimates of the cost of prevalent diseases attributable to HPV.
Third, our analysis incorporates recent data on the medical treatment cost per case of
HPV-associated health outcomes, 1044 although the treatment cost estimates we applied

are nonetheless limited in that they are not age-specific and they do not fully reflect
nationally-representative averages. Fourth, we performed a probabilistic sensitivity analyses
to account for uncertainty in our analysis, not only in the number of adverse health outcomes
attributable to HPV infections acquired in 2018 but also in the direct medical cost per case
of each of these outcomes.

In summary, to our knowledge this is the first study of the lifetime costs of diseases
attributable to incident HPV infections to include modeling of HPV natural history from
infection to disease and to account for uncertainty in the lifetime incidence and cost of
HPV-associated health outcomes. We estimated the cost of diseases attributable to HPV
infections acquired in 2018 to be $774 million. This cost is lower than the $1.9 billion
estimate for 2008 HPV incidence and likely represents the impact of HPV vaccination to
some degree, although the two estimates are not suitable for comparison due to differences
in methods. The annual cost of incident HPV (i.e., the lifetime medical cost burden of
diseases attributable to HPV infections acquired in the given year) is expected to decrease
further over time as HPV vaccination coverage increases in the population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The findings and conclusions in this report are those of the authors and do not necessarily represent the official
position of the Centers for Disease Control and Prevention.

Work by Marc Brisson, Jean-Francois Laprise, and Dave Martin was supported by a contract from the Centers for
Disease Control and Prevention (CDC; contract 00HCVGEB-2019-35238), a Fonds de recherche du Québec - Santé
(FRQS) Research Scholars award (to MB), and a foundation scheme grant from the Canadian Institutes of Health
Research (grant number FDN-143283).

HPV-ADVISE simulations were run on super computers managed by Compute Canada (www.computecanada.ca).

References

1. Chesson HW, Ekwueme DU, Saraiya M, et al. Estimates of the annual direct medical costs of the
prevention and treatment of disease associated with human papillomavirus in the United States.
Vaccine 2012;30:6016-6019. [PubMed: 22867718]

2. Owusu-Edusei K Jr., Chesson HW, Gift TL, et al. The estimated direct medical cost of selected
sexually transmitted infections in the United States, 2008. Sex Transm Dis 2013;40:197-201.
[PubMed: 23403600]

3. Markowitz LE, Dunne EF, Saraiya M, et al. Human papillomavirus vaccination: recommendations
of the Advisory Committee on Immunization Practices (ACIP). MMWR Recomm Rep 2014;63:1-
30.

Sex Transm Dis. Author manuscript; available in PMC 2023 February 27.


http://www.computecanada.ca/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Chesson et al.

Page 10

4. Senkomago V, Henley SJ, Thomas CC, et al. Human papillomavirus-attributable cancers - United
States, 2012-2016. MMWR Morb Mortal Wkly Rep 2019;68:724—728. [PubMed: 31437140]

5. Lairson DR, Fu S, Chan W, et al. Mean direct medical care costs associated with cervical cancer for
commercially insured patients in Texas. Gynecol Oncol 2017;145:108-113. [PubMed: 28196673]

6. Wu CF, Xu L, Fu S, et al. Health care costs of anal cancer in a commercially insured population in
the United States. J Manag Care Spec Pharmacy 2018;24:1156-1164.

7. Deshmukh AA, Zhao H, Franzini L, et al. Total lifetime and cancer-related costs for elderly patients
diagnosed with anal cancer in the United States. Am J Clin Oncol 2018;41:121-127.

8. Fu S, Lairson DR, Chan W, et al. Mean medical costs associated with vaginal and vulvar cancers for
commercially insured patients in the United States and Texas. Gynecol Oncol 2018;148:342-348.

9. Lairson DR, Wu CF, Chan W, et al. Medical care cost of oropharyngeal cancer among Texas
patients. Cancer Epidemiol Biomarkers Prev 2017;26:1443-1449. [PubMed: 28838945]

10. Chesson HW, Meites E, Ekwueme DU, et al. Updated medical care cost estimates for HPV-
associated cancers: implications for cost-effectiveness analyses of HPV vaccination in the United
States. Human Vaccin Immunother 2019;15:1942-1948.

11. Lairson DR, Wu C-F, Chan W, et al. Mean treatment cost of incident cases of penile cancer for
privately insured patients in the United States. Urol Oncol 2019;37:294.e217-294.e225.

12. Markowitz LE, Gee J, Chesson H, et al. Ten years of human papillomavirus vaccination in the
United States. Acad Pediatr 2018;18:S3-S10. [PubMed: 29502635]

13. Markowitz LE, Hariri S, Lin C, et al. Reduction in human papillomavirus (HPV) prevalence among
young women following HPV vaccine introduction in the United States, National Health and
Nutrition Examination Surveys, 2003-2010. J Infect Dis 2013;208:385-393. [PubMed: 23785124]

14. Markowitz LE, Liu G, Hariri S, et al. Prevalence of HPV after introduction of the vaccination
program in the United States. Pediatrics 2016;137:620151968. [PubMed: 26908697]

15. Oliver SE, Unger ER, Lewis R, et al. Prevalence of human papillomavirus among females
after vaccine introduction-National Health and Nutrition Examination Survey, United States,
2003-2014. J Inf Dis 2017;216:594-603. [PubMed: 28931217]

16. McClung NM, Lewis RM, Gargano JW, et al. Declines in vaccine-type human papillomavirus
prevalence in females across racial/ethnic groups: data from a national survey. J Adolesc Health
2019;65:715-722. [PubMed: 31515134]

17. Flagg EW, Torrone EA. Declines in anogenital warts among age groups most likely to be
impacted by human papillomavirus vaccination, United States, 2006-2014. Am J Public Health
2018;108:112-119. [PubMed: 29161070]

18. Flagg EW, Schwartz R, Weinstock H. Prevalence of anogenital warts among participants in private
health plans in the United States, 2003-2010: Potential impact of HPV vaccination. Am J Public
Health 2013;103:1428-1435. [PubMed: 23763409]

19. Perkins RB, Legler A, Hanchate A. Trends in male and female genital warts among adolescents
in a safety-net health care system 2004-2013: Correlation with introduction of female and male
human papillomavirus vaccination. Sex Transm Dis 2015;42:665-668. [PubMed: 26562694]

20. Flagg EW, Torrone EA, Weinstock H. Ecological association of human papillomavirus vaccination
with cervical dysplasia prevalence in the United States, 2007-2014. Am J Public Health
2016;106:2211-2218. [PubMed: 27736208]

21. Benard VB, Castle PE, Jenison SA, et al. Population-based incidence rates of cervical
intraepithelial neoplasia in the human papillomavirus vaccine era. JAMA Oncol 2017;3:833-837.
[PubMed: 27685805]

22. McClung NM, Gargano JW, Bennett NM, et al. Trends in human papillomavirus vaccine types 16
and 18 in cervical precancers, 2008-2014. Cancer Epidemiol Biomarkers Prev 2019;28:602—609.

23. Gargano JW, Park U, Griffin MR, et al. Trends in high-grade cervical lesions and cervical cancer
screening in 5 states, 2008-2015. Clinical Infect Dis 2019;68:1282-1291. [PubMed: 30137283]

24. Brisson M, Laprise JF, Chesson HW, et al. Health and economic impact of switching from
a 4-valent to a 9-valent HPV vaccination program in the United States. J Natl Cancer Inst
2015;108:djv282. [PubMed: 26438574]

Sex Transm Dis. Author manuscript; available in PMC 2023 February 27.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Chesson et al.

25.

26.

217.

28.

29.

30.

Page 11

Chesson HW, Markowitz LE, Hariri S, et al. The impact and cost-effectiveness of nonavalent HPV
vaccination in the United States: Estimates from a simplified transmission model. Hum Vaccin
Immunother 2016;12:1363-1372.

Kreisel KM, Spicknall IH, Gargano JW, et al. Sexually transmitted infections among US women
and men: prevalence and incidence estimates, 2018. Special Issue of Sex Transm Dis 2021.

Chesson H, Spicknall IH, Bingham A, et al. The estimated direct lifetime medical costs of sexually
transmitted infections acquired in the United States in 2018. Special Issue of Sex Transm Dis
2021.

Satterwhite CL, Torrone E, Meites E, et al. Sexually transmitted infections among US women and
men: prevalence and incidence estimates, 2008. Sex Transm Dis 2013;40(3):187-193. [PubMed:
23403598]

Department of Health and Human Services. Fiscal Year 2018: Centers for Disease Control

and Prevention Justification for Estimates for Appropriation Committees. Available at: https://
www.cdc.gov/budget/documents/fy2018/fy-2018-cdc-congressional-justification.pdf. Accessed
December 8, 2020.

Markowitz LE, Dunne EF, Saraiya M, et al. Human papillomavirus vaccination: recommendations
of the Advisory Committee on Immunization Practices (ACIP). MMWR Recomm Rep
2014;63(Rr-05):1-30.

Sex Transm Dis. Author manuscript; available in PMC 2023 February 27.


https://www.cdc.gov/budget/documents/fy2018/fy-2018-cdc-congressional-justification.pdf
https://www.cdc.gov/budget/documents/fy2018/fy-2018-cdc-congressional-justification.pdf

Page 12

Chesson et al.

“(p2IUNOISIP JaM $IS0D JOURD [BIIAISD Jey) SIeak
10 Jaquinu ay1) 9z 01 18s sem x Juauodxa ay) pue (£0°T/T) sI J asaum *d Aq parjdninw (006°c2$) sisoubelp o swin 8y} e J8Ued [E3IAISD JO 1S0D 8Sed aseq 8L} Se Pale|nd[ed SeMm J8oued [eIIAI8D o) 00E VES

anjeA ay1 ‘sjdwexa 104 "%4€ 10 aJel [enuue ue Je (8T0Z Jesk) uonoajul AdH 40 awi 8y} 01 SISOUBEIP JO aWI) 8U) WOJY PEIUN0ISIP S1LLUIISS ]SO0 8SeD 8Seq 8y} SMOUS LOI03JuUl JO 1500 8SeD seq Pajunodsip ay ¢

‘xipuaddy
3y} U1 paquIosap se mwmm_mo%m_u 129U 40 abe uelpaw ay) pue $9G'sGg SITe BUIDJBA AdH JO Suue 0qade|d Jo salpnis spGiseg'z SlRWINSD Burjapow uo paseq ‘aWoaIN0 Yijesay ayp Jo sisoubelp o} uonisinboe

AdH Wouy uoneinp ueipaw sy Buipsefial suondwnsse 198141 BUNUN0ISIP O SIBAA JO JBQUINU BY L “UMOYS SJeaA JO JaqUNU 8y} 10} %€ JO 81Rl [eNUUE UE Je PaIUN0ISIP 818M SLIOJINO Uoes 10 SIS00 a1mn4
*¥

sy APMIS SS3UBAI849-1S00 1UB93] AU U SJUWINSS 1509 J8oUeD 8]1dLLI0D 0} Pasn spoLaW [e1auab aues au) Buimol|o) 11 APMs 6T0Z & Bunelodioour Aq sarewnsa 1502 1ooued jiuad au) parepdn s

"aJeLLIIS? 1500 JAOUED JRAINA 3L} PUE JeWNsa 1509 130U [eulBen aup Jo aBelone au) $19a14a4 J89URD JEAINA PUE [eUIBEA 104 SJBLUIISS 150D PAUIGLIOD B L g7 I30URD B|1UB PUE ¢y cicr g 100URD [R3BUAIRYdOIO

$76's0G'g 139U JEAINA PUE [RUIBEA e ) 1q'JOIURD [BUE ‘gyaigey i 190URD [BIAIBD gop is) 1, "SEM [BUUAD goui5ep,'NID JO SAIPNIS 1509 JO aBUEI B LU0 18P PaJIdLIOD YDIYM gp 1 ADNIS SSBUSANDYS-1S0D
JUS03J B LOJJ PAUILICO SI9M S3JBLUIISS 1500 3saY | SISOUBRIp 4O a1} 01 PAIUNOISIP ‘BWO0IIN0 USAIB 3y Jo ased pasoubelp Jad 1500 awnal| abeane PaleWIISa Y} SMOYS SW02IN0 Yifeay Jad 100 ay L

*

'$190URD 10J Q0TS 18488 B} 03 pue ‘g/ZNID PUR ‘TNID ‘SLem [elush
10} 0TS 1S8J89U B} 03 PAPUNOJ BI3M SBIRWINSA 150D "(/A0H Bag MMM/:Sd1Y) 81ed Yyjeay Joj Xapul 921d sainyipuadxe uondwinsuod jeuosiad sy Buisn siejjop 'S'N 6T0Z 01 parepdn Usag aARY S8IBWISA 150D ||V

‘eisejdoau [eijayydaeaul [eaIAIB0 INID

005'8v$ 009'TZ$ 008'Tv$ 8¢ 00Z'67T$ 007'99$ 005'82T$ sajew ‘aoued [eabukreydoio
00.'Gv$ 00v'0z$ 007'6€$ or 002'67T$ 007'99$ 00G'82T$  Soeway ‘Jaoued esbuheydolo
000°L¥$ 009'8T$ 008'ze$ 9€ 002'9ET$ 008'eS$ 00T'G6$ Sejew ‘Jadued euy
000'€v$ 000°2T$ 000°'0€$ 6€ 002'9ET$ 008'eS$ 00T'S6$ SeJeLus) ‘Iaoued euy
00v'82$ 008'L$ 00z'c€z$ 144 00T'v0T$ 008'8z$ 00£'68$ 190Ued [euIbeA 79 JBAINA
006'8€$ 005'02$ 00€'vES 9 008'c8$ 002'vv$ 006'€L$ J3Jued [edIAIRD
006'02$ 008's$ 00T'LT$ o 00£'18$ 00S'cz$ 009'99$ J3JuE 9|1usd
058'e$ 000'T$ 08e'c$ € 0TZ'v$ 060'T$ 009'c$ €0z opeib NID
06.'T$ 0r6$ 0.E'T$ T 0v8'T$ 0,6$ 0TY'T$ T 9peib NID
06.'2$ 0Er$ 098% S0 0£8'2$ orr$ 0.8% S3JeW ‘SHUem [eHuaD
06.'2$ 0er$ 098% S0 0£8'¢$ orv$ 0,8% S9[eLs) ‘SHem [elusD
punog Jeddn  punog JamoT  ased aseg punog Jeddn  punog JemoT  ased aseg

| PWi09IN0 LpTeay 150 3500 PaUN0JSIQ im::c:oum_c J0 1€k J0 JaquInN 3uI0%n0 areay 150 3500 PayuUN0dSIPUN AU02INO Yok

$1S09 J0 BUNUNOJsIp JO Sieak Jo Jaquinu pue ‘(PSIUNOISIP pue PajuNoISIPUN) SBLL02INO Yljeay Paleloosse-AdH O 8sed Jad 1500 [ea1palu 19841p payewnsy

‘TalqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2023 February 27.

)

Sex Transm Dis. Author manuscript


https://www.bea.gov/

Chesson et al. Page 13

Table 2:

Estimated lifetime number of diagnosed cases of disease attributable to HPV infections acquired in 2018

Health outcome Mean (10t-90t" percentiles) result from HPV-ADVISE model

1duosnuey Joyiny

1duosnuen Joyiny

Ages 15-59 years

Ages 15-24 years

Genital warts

Females

Males

Total
CIN grade 1
CIN grade 2 or 3
Penile cancer
Cervical cancer
Vulvar & vaginal cancer
Anal cancer

Females

Males

Total
Oropharyngeal cancer

Females

Males

Total

25,442 (15,621-35,484)
24,967 (16,721-33,128)
50,409 (32,343-68,612)
162,974 (11,572-393 451)
52,074 (33,752-66,540)
454 (279-838)

3,153 (1,912-4,674)

849 (559-1,300)

780 (524-1,218)
675 (402-1,271)
1,456 (925-2,489)

587 (388-904)
3,665 (2,233-6,868)
4,252 (2,621-7,772)

6,310 (4,632-8,531)
2,325 (3,217-1,555)
8,635 (7,849-10,087)
103,660 (6,953-275,583)
29,707 (18,751-40,031)
265 (169-474)

1,978 (1,307-2,782)

550 (381-751)

441 (320-593)
268 (174-491)
708 (494-1,084)

370 (260-505)
1,462 (964-2,655)
1,832 (1,225-3,160)

Case numbers were calculated for females and males using rates of health outcomes per 100,000 from the HPV-ADVISE model multiplied

by 2018 population estimates from the 2018 American Community Survey 1-Year Estimates, Table S0201,using American FactFinder; http://
factfinder.census.gov. Total case numbers were calculated as the sum of case numbers in females and males. The age groupings refer to age at the
time of the causal HPV infection (2018), not the age at which the health outcome was diagnosed.
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