University Library

o o A gateway to Melbourne's research publications

Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Zou, Z;Fairley, CK;Ong, JJ;Hocking, J;Canfell, K;Ma, X;Chow, EPF;Xu, X;Zhang, L;Zhuang, G

Title:
Domestic HPV vaccine price and economic returns for cervical cancer prevention in
China: a cost-effectiveness analysis

Date:
2020-10-01

Citation:

Zou, Z., Fairley, C. K., Ong, J. J., Hocking, J., Canfell, K., Ma, X., Chow, E. P. F,, Xu, X., Zhang,
L. & Zhuang, G. (2020). Domestic HPV vaccine price and economic returns for cervical
cancer prevention in China: a cost-effectiveness analysis. Lancet Global Health, 8 (10),
pp.e1335-e1344. https://doi.org/10.1016/S2214-109X(20)30277-1.

Persistent Link:
https://hdl.handle.net/11343/252588

License:
CC BY-NC-ND


CC%20BY-NC-ND

Articles

Domestic HPV vaccine price and economic returns for
cervical cancer prevention in China: a cost-effectiveness
analysis

Zhuoru Zou, Christopher K Fairley, Jason ] Ong, Jane Hocking, Karen Canfell, Xiaomeng Ma, Eric P F Chow, Xianglong Xu, Lei Zhang*,
Guihua Zhuang*

Summary

Background Coinciding with the release of the first Chinese domestic human papillomavirus (HPV) vaccine Cecolin
in 2019, and the substantial advancements in cervical cancer screening technology, we aimed to evaluate the cost-
effectiveness of the combined strategies of cervical cancer screening programmes and universal vaccination of girls
(aged 9-14 years) with Cecolin in China.

Methods We did a cost-effectiveness analysis in China, in which we developed a Markov model of cervical cancer to
evaluate the incremental cost-effectiveness ratios of 61 intervention strategies, including a combination of various
screening methods at different frequencies with and without vaccination, and also vaccination alone, from a health-
care system perspective. We did univariate and probabilistic sensitivity analyses to assess the robustness of the
model’s findings.

Findings Compared with no intervention, various combined screening and vaccination strategies would incur an
additional cost of US$6157000-22146000 and result in 691-970 quality-adjusted life-years (QALYs) gained in a
designated cohort of 100000 girls aged 9-14 years over a lifetime. With a willingness-to-pay threshold of three times
the Chinese per-capita gross domestic product (GDP), careHPV screening (a rapid HPV test) once every 5 years with
vaccination would be the most cost-effective strategy with an incremental cost-effectiveness ratio of $21799 per QALY
compared with the lower-cost non-dominated strategy on the cost-effectiveness frontier, and the probability of it being
cost-effective (44%) outperformed other strategies. Strategies that combined screening and vaccination would be
more cost-effective than screening alone strategies when the vaccination cost was less than $50 for two doses, even
with a lower willingness-to-pay of one times the per-capita GDP.

Interpretation careHPV screening once every 5 years with vaccination is the most cost-effective strategy for cervical
cancer prevention in China. A reduction in the domestic HPV vaccine price is necessary to ascertain a good economic
return for the future vaccination programme. The findings provide important evidence that informs health policies
for cervical cancer prevention in China.

Funding National Natural Science Foundation of China.

Copyright © 2020 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND
4.0 license.

Introduction
Cervical cancer is the fourth most common cancer in

mortality from cervical cancer cases caused by HPV.*
In 2018 alone, China reported 106430 new cervical cancer

women globally.! In 2018, an estimated 568847 new
cervical cancer diagnoses and 311365 deaths were
reported worldwide.! However, cervical cancer is largely
preventable with the human papillomavirus (HPV)
vaccine, and timely screening can prevent cancer
development and substantially reduce cancer morbidity
and mortality.” In 2018, WHO called for global action to
eliminate cervical cancer and proposed that 90% of girls
aged 9-14 years receive the HPV vaccine, 70% of women
are screened twice in a lifetime for cervical cancer, and
90% of identified women are treated for precancer or
cancer by 2030.*

In China, both the vaccination and screening coverage
remain low despite the substantial morbidity and
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cases and 47739 deaths, corresponding to 18-7% of
diagnoses and 15-3% of deaths from cervical cancer
worldwide.® As of August, 2020, there is no HPV
vaccination programme in China. The 2009 National
Cervical Cancer Screening Programme in Rural Areas
was based on the Papanicolaou test (Pap) or visual
inspection with acetic acid (VIA), but this programme
only served a small proportion of eligible women (around
10% of 290 million eligible women received free
screening from the programme during 2012-14).° The
programme has been implemented for more than
10 years, but the incidence and mortality of cervical
cancer are still increasing in China. In 2019, the Chinese
Government incorporated the programme into the
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Research in context

Evidence before this study

Human papillomavirus (HPV) vaccination and cervical cancer
screening are highly effective and cost-effective in the
prevention of cervical cancer in women. In China, there is no
HPV vaccination programme because of high prices of imported
vaccines, and the coverage of cervical cancer screening remains
low. The first Chinese domestic bivalent HPV vaccine (Cecolin,
two doses) released in 2019, has similar efficacy to the imported
bivalent HPV (Cervarix, three doses) but costs half as much,
raising hope for a state-sponsored nationwide HPV vaccination
programme in China. We searched PubMed, Embase, and Web of
Science between Jan 1, 2000, and Sept 30, 2018, with no
language restrictions, with the terms “China” or “Chinese”, “HPV
vaccine”, “screening”, and “cost-effectiveness”, to identify
published economic evaluations on HPV vaccination and
cervical cancer screening strategies. Only two studies have
evaluated the cost-effectiveness of HPV vaccination, cervical
cancer screening, and the combined strategy in mainland China.
Both studies were done before the first commercial HPV vaccine
became available in mainland China in 2016. Neither addressed
the potential effect of a domestic vaccine, and the alternatives
of cervical cancer screening in the previous studies were not
comprehensive. The release of the first Chinese domestic HPV
vaccine and the advancements in cervical cancer screening
technology highlights the importance of timely re-evaluation of
the intervention strategies.

national basic public health services to ensure sustainable
financing for cervical cancer prevention. Identifying a
cost-effective and sustainable strategy for vaccination and
cervical cancer screening is a top priority for the
prevention and control of cervical cancer in China.

The first Chinese domestic HPV vaccine against HPV 16
and 18 (Cecolin, Innovax, Xiamen, China) was licensed by
the Chinese Food and Drug Administration on
Dec 31, 2019, providing an unprecedented opportunity for
China. Although imported vaccines, such as the bivalent
HPV (Cervarix, US$262 for three doses), quadrivalent
HPV (Gardasil, $360 for three doses), and nonavalent
HPV (Gardasil 9, $586 for three doses) vaccines have been
licensed in China since 2016, the vaccines are expensive
and only available in limited supply. These vaccines are
purchased mainly by women aged 1845 years, while girls
aged 9-14 years remain largely unvaccinated. The new
vaccine Cecolin is priced at ¥329 ($47-7) per dose (about
half of the price of Cervarix) and has similar efficacy to
Cervarix.”® Cecolin is approved for a two-dose schedule for
girls aged 9-14 years, as its immunogenicity has been
proven to be non-inferior to a three-dose schedule for
young women.’ The reduction in cost of vaccination with
Cecolin raises hope for a state-sponsored nationwide HPV
vaccination programme for girls aged 9-14 years.

To date, several studies have evaluated the cost-effec-
tiveness of preventive interventions for cervical cancer in

Added value of this study

We did a cost-effectiveness analysis to evaluate

61 intervention strategies in mainland China. These include a
combination of various screening methods at different
screening frequencies in the presence and absence of a
national HPV vaccination programme for girls aged 9-14 years
and a hypothetical scenario with vaccination alone. In our
study, we found that among all investigated strategies,
careHPV screening once every 5 years with vaccination was the
most cost-effective strategy. Further reduction of the
vaccination cost to less than US$50 for two doses would
enable combined strategies to become more cost-effective
than screening alone even at a low willingness-to-pay
threshold of one-times the per-capita GDP. If the total
vaccination cost was substantially reduced to less than $10 for
two doses, vaccination alone could be the most cost-effective
strategy only if the willingness-to-pay is very low, suggesting
a combined strategy is always more preferable.

Implications of all the available evidence

Our findings suggest that careHPV screening once every 5 years
with vaccination is the most cost-effective strategy in China.

A reduction in domestic HPV vaccine price is necessary to
ascertain a good economic return for the future vaccination
programme.

mainland China, but only two studies compared
HPV vaccination, cervical cancer screening, and the
combined strategy.®" Both studies were done before the
first commercial HPV vaccine became available in
mainland China in 2016, and therefore many important
parameters were based on assumptions. The release
of Cecolin highlights the importance of a timely re-
evaluation of a universal vaccination programme for girls
aged 9-14 years in China. Furthermore, technological
advancements allow several options for cervical cancer
screening. Conventional screening methods include
VIA, Pap, or liquid-based cytology, and an HPV test
represented by Hybrid Capture-2 (HC-2).> careHPV
(Qiagen, Gaithersburg, MD, USA)—a rapid HPV test
developed for use in low-income and middle-income
countries—has been approved by the Chinese Food and
Drug Administration.” Co-testing that involves cytology
plus the HPV test was recommended by the American
College of Obstetricians and Gynaecologists in 2016,
although in 2018, the United States Preventive Services
Task Force recommended either primary HPV screening
or co-testing in the USA.” Co-testing has been
implemented in some resource-rich regions in China.
Built on previous findings, our study intends to include
all the available cervical cancer screening strategies to
explore the most cost-effective strategy for the current
setting in China.
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Following the release of Cecolin and evolving
technologies that increase cervical cancer screening
options, we aimed to analyse the cost-effectiveness of a
comprehensive list of combined strategies of state-
sponsored vaccination for girls aged 9-14 years and
cervical cancer screening programmes to identify the
most cost-effective strategy. We also evaluated the effect
of a potential future decrease in the vaccine price on cost-
effectiveness.

Methods

Study design

We did a model-based economic evaluation to assess the
cost-effectiveness of combined strategies of vaccination
and cervical cancer screening in China, from a health-
care system perspective. The model was constructed
using TreeAge Pro 2019 and the analysis was reported
according to the Consolidated Health Economic
Evaluation Reporting Standards statement and the HPV-
FRAME reporting standards for HPV models.**

Modelling
A Markov model was constructed to simulate the disease
progression of high-risk HPV infection to cervical cancer

or regression to the susceptible state in a designated
initial cohort of 100 000 girls aged 9—14 years for a lifetime
(life expectancy 80 years). The model consisted of
20 health states from susceptible to cervical cancer stages
(appendix 2 p 1). We assumed that these susceptible girls
aged 9-14 years were infected at age-specific rates for
HPV 16 and 18, and other high-risk HPV types
(appendix 2 p 5). Individuals infected with high-risk HPV
(including cervical intraepithelial neoplasia [CIN]1) can
progress to CIN2 and CIN3 or regress to the susceptible
state. We assumed the progression and regression rates
were associated with the duration of infection according
to the infected types (appendix 2 pp 7-8). CIN2 or CIN3
can progress to cervical cancer or regress to the
susceptible or infected state (appendix 2 pp 7-8).
Approximately 20% of women aged 30 years and older
and diagnosed with CIN3 had a hysterectomy and were
no longer at risk for cervical cancer.” The cervical cancer
stage consisted of local, regional, and distant cancer
states. The model assumed that in the absence of active
screening, women with CIN2, CIN3, or cervical cancer
would be diagnosed by self-initiated examinations
according to state-specific probabilities  (table).”
Diagnosed individuals would receive state-specific

See Online for appendix 2

Base-case Range Distribution Reference
Vaccine coverage 70% 50-95% Triangular (0-5, 0-7, 0-95) Assumed and Barbara et al (2016)*
Vaccine efficacy against HPV-16 and 18 94% 80-99% Triangular (0-8, 0-94, 0-99) Qiao etal (2019), Zhu et al
infection (2014)%, Hu et al (2019)°
Screening coverage 50% 20-80% Triangular (0-2, 0-5, 0-8) Assumed and Li et al (2012)"
VIA performance* Our meta-analysis (appendix 2,
pp 9-10)
Sensitivity 58% 45-72% Beta (29-47,21-26)
Specificity 86% 81-92% Beta (120-23,19-25)
Pap performance* Our meta-analysis (appendix 2,
pp 9-10)
Sensitivity 40% 12-69% Beta (4-26, 6-26)
Specificity 91% 85-98% Beta (653, 6:38)
careHPV performance* Our meta-analysis (appendix 2,
pp 9-10)
Sensitivity 86% 81-91% Beta (156-93, 26:18)
Specificity 86% 85-88% Beta (1437-96, 226-35)
HC-2 performance* Our meta-analysis (appendix 2,
pp 9-10)
Sensitivity 92% 88-97% Beta (132-63, 11-38)
Specificity 83% 79-87% Beta (24959, 51-85)
LBC performance* Our meta-analysis (appendix 2,
pp 9-10)
Sensitivity 82% 77-88% Beta (150-52, 32-15)
Specificity 96% 94-97% Beta (616-67, 27-04)
Annual self-initiated examination Campos et al (2014)”
CIN2 or CIN3 0-01 0-005-0-02 Triangular (0-005, 0-01, 0-02)
Local cancer 01899 0-15-0-2 Triangular (0-15, 0-1899, 0-2)
Regional cancer 0-5999 0-4-0-65 Triangular (0-4, 0-5999, 0-65)
Distant cancer 09 0-85-0-95 Triangular (0-85, 0-9, 0-95)
(Table continues on next page)
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Base-case Range Distribution Reference
(Continued from previous page)
Eligible for cryosurgery Goldie et al (2007)*
HPV infectiont 0.9 0-5-1 Triangular (0-5, 0-9, 1)
CIN2 0.7 0-5-1 Triangular (0-5,0-7,1)
CIN3 04 0-0-0-5 Triangular (0-0, 0-4, 0-5)
Local cancer 03 0-0-0-5 Triangular (0-0, 0-3, 0-5)
Regional or distant cancer 01 0-0-0-5 Triangular (0-0, 0-1, 0-5)
Efficacy of cryosurgeryt - - Dolman et al (2014)*
HPV infection 0.9 0-83-0-96 Beta (84-53, 9-92)
CIN2 or CIN3 0-83 0-74-0-92 Beta (57-47, 11-85)
Efficacy of LEEP 092 0-85-0-99 Beta (50-49, 4-45) Wu et al (2016)*
Proportion of hysterectomies in CIN3§ 0-2 0-1-0-5 Triangular (0-1, 02, 0-5) Zouetal (2012)*
Compliance of follow-up visits 0-85 0-5-0-9 Triangular (0-5, 0-85, 0-9) Tse et al (2016)>
Costs, US$9
Vaccination, two doses 99-8 74-9-99-8 Triangular (74-9, 99-8, 99-8) Manufacturer and Development
and Reform Commission of Henan
Province*
VIA 2.5 1.9-31 Triangular (1.9, 2'5,3-1) Official public data from the NDRC
Pap 6.6 5.9-7-4 Triangular (5-9, 6-6, 7-4) Official public data from the NDRC
careHPV 10 5.9-14-2 Triangular (5-9, 10, 14-2) Official public data from the NDRC
HC-2 486 33-6-63-8 Triangular (33-6, 48-6, 63-8) Official public data from the NDRC
LBC 26 15-1-34-9 Triangular (15-1, 26, 34-9) Official public data from the NDRC
Colposcopy 5-9 1.7-10-1 Triangular (1.7, 5-9, 10-1) Official public data from the NDRC
Biopsy 16-4 11-21-8 Triangular (11, 16-4, 21-8) Official public data from the NDRC
Cryotherapy 4.5 1.7-7-4 Triangular (1.7, 4-5, 7-4) Official public data from the NDRC
LEEP 123.5 92.4-181-6 Triangular (92-4, 123-5, 181-6) Official public data from the NDRC
Hysterectomy 3156 151-3-479-8 Triangular (151-3, 3156, 479-8)  Official public data from the NDRC
Per-capita screening administration 28 1-4-4-2 Triangular (1-4, 2-8, 4-2) Peng et al (2014)*
Cervical cancer treatment costs (US$) Wou et al (2018)*
Local cancer 4299 2047-6550 Gamma (14-01, 4-90)
Regional cancer 5420 1766-9073 Gamma (8-45, 2-35)
Distant cancer 7176 4670-9682 Gamma (31:50, 6-61)
Annual health-care costs (US$) - - - Liv etal (2016)”
Local cancer 633 316-949 Triangular (316, 633, 949)
Regional cancer 798 399-1197 Triangular (399, 798, 1197)
Distant cancer 1056 528-1585 Triangular (528, 1056, 1585)
Utility score Zhao et al (2014)*
Cryotherapy or LEEP|| 098 0-9-1.0 Beta (183-64, 3-75)
Post-hysterectomy 0-85 0-82-0-88 Triangular (0-82, 0-85, 0-38)
Local cancer 0-83 0-79-0-87 Beta (280-36, 57-42)
Regional cancer 072 0-65-0-78 Beta (131-26, 51-05)
Distant cancer 0-6 0-43-0.77 Beta (18-54,12:36)
Cured cancer 0-87 0-70-0-99 Triangular (0-70, 0-87,0-99)
Discount rate 0-03 0-0-0-08 Walker et al (2010)*
There are no units for utility score, but they range from 0 (death) to 1 (perfect health). VIA=visual inspection with acetic acid. Pap=Papanicolaou test. HC-2=Hybrid Capture-2.
LBC=liquid-based cytology. CIN=cervical intraepithelial neoplasia. LEEP=loop electrosurgical excision procedure. NDRC=National Development and Reform Commission.
*Estimated based on the detection of CIN2+ on histology. TWomen who have HPV infection and have a false-positive result in screening with the screen-and-treat approach
might receive cryotherapy. $Cryosurgery is considered ineffective for cervical cancer. SOnly women aged 30 years or older were considered. §JAdjusted according to Chinese
consumer price indexes in the category of health, 2019 as the base year. || The disutility to quality of life was considered only in the year of treatment.
Table: Parameters used in the model

treatments, whereas undiagnosed individuals remained cancer face cause-specific mortality from cervical cancer
untreated. We assumed age-specific natural background in addition to a natural background death rate. Women
death rates in women, and that women with cervical in any post-treatment cancer states were considered
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cured if they survived in that state for 20 years or more.
Model cycle length was 1 year, and a half-cycle correction
was applied.

Intervention strategies

We defined no intervention as the status quo in China
because the coverage of HPV vaccination among girls
aged 9-14 years is close to nil and cervical cancer
screening coverage is very low in general across the
country.

61 intervention strategies were investigated in our
study. These included a combination of six screening
methods (VIA, Pap, careHPV, HC-2, Pap plus HC-2, and
liquid-based cytology plus HC-2) at five screening fre-
quencies (once per lifetime, twice per lifetime, once
every 10 years, once every 5 years, and once every 3 years)
in the presence and absence of a vaccination programme,
and a hypothetical scenario with vaccination alone
(appendix 2 p 3). We assumed that vaccination was
implemented when the cohort entered the model and
screening was implemented when the cohort progressed
to the designated age by running the model.

The target population for cervical cancer screening
was women aged 30-59 years. We assumed that once
per lifetime screening was done at the age of 35 years
because the highest prevalence of cervical precancerous
lesions and undetected cervical cancers could be
detected at this age (appendix 2 p 12) and that twice per
lifetime screening was done at 35 and 45 years.* The
screening, diagnosis, and treatment procedures are
shown in appendix 2 (p 2). We assumed that the
anticipated screening coverage would reach 50%
(range 20-80), based on a pilot study in high-risk areas
for cervical cancer in China.” The Chinese-specific
sensitivities and specificities of the screening methods
were estimated with use of a meta-analysis (appendix 2
pp 9-10). Diagnosis and treatment compliance, as
well as treatment effectiveness, were included in the
model (table).**

We assumed the two-dose domestic bivalent HPV
vaccination programme would be school-based, and the
anticipated coverage among girls aged 9-14 years would
reach 70% (range 50-95)." The efficacy against HPV 16
and 18 persistent infection for young women aged
18-26 years receiving a three-dose vaccination was
reported as 97-8% (range 87-1-99-9) for Cecolin and
94-2% (range 62-7-99-9) for Cervarix in two independent
studies.”® The immunogenicity of Cecolin is non-inferior
to a two-dose vaccination for girls aged 9-14 years com-
pared with a three-dose vaccination for young women
aged 18-26 years.’ Therefore, we estimated the efficacy of
the two-dose schedule at 94% (range 80-99) on the basis
of the previous findings. Cross-protective effects on other
high-risk HPV types were not considered. We assumed
HPV vaccines provide lifetime protection in vaccine-
sensitive recipients (ie, those who receive the vaccine and
develop an immune response).

www.thelancet.com/lancetgh Vol 8 October 2020

Data analysis

We calibrated the type-specific and age-specific incidence
of high-risk HPV infection with use of a likelihood-based
approach (appendix 2 pp 3-7). The probabilities of annual
transition were derived from published literature on the
natural history of cervical cancer (appendix 2 pp 7-8).
Cancer mortality was estimated on the basis of the
survival rates of patients with cervical cancer (appendix 2
pp 7-8), while background age-specific mortality was
obtained from the China Population & Employment
Statistics Yearbook, 2019.* The reported population
morbidity and mortality of cervical cancer in China, as
well as 5-year and 10-year cumulative risk of CIN grade
2+ (CIN2+) for HPV infection in Chinese women were
used to validate the reliability of the model (appendix 2
pp 10-12).

The costs of the screening programme included the
costs of screening, diagnosis, treatment, and adminis-
tration (table).” Cervical cancer treatment costs included
the costs of initial hospitalisation and subsequent annual
health-care costs (table).*” The costs of vaccination
included the vaccine price ($95-4 for two doses), the cost
of staff services (including disposable syringes) in
vaccination ($4 for two doses),” and the cost of advocacy
for vaccination ($0-4 per person).” Hence, the overall
cost for two-dose HPV vaccination was estimated to be
$99-8. In the scenario in which a state-sponsored
schoolgirl HPV vaccination programme is to be
launched, the price of vaccination would probably be
further negotiated down. We therefore assumed a decline
in this parameter in the sensitivity analyses. Costs were
converted from Chinese renminbi to US dollars
($1=¥6-8968, in 2019).

Utility scores for HPV-related states were obtained
from the quality-of-life assessments in Chinese patients
with cervical lesions (table).”® We assumed a discount rate
of 3% (range 0-8) for both quality-adjusted life-years
(QALYs) and cost. The choice of distribution for all
parameters was based on consideration of the properties
of the parameters and data informing the parameters.

The expected QALYs and costs discounted to 2019 for
each strategy were obtained from the model. We calculated
the incremental costs and incremental QALYs for each
intervention strategy compared with no intervention. We
identified the cost-effectiveness frontier and calculated the
incremental cost-effectiveness ratio (ICER), defined as
the incremental cost per QALY gained for each strategy on
the cost-effectiveness frontier compared with a lower-cost
non-dominated strategy to identify the most cost-effective
strategy. We adopted a definition of cost-effectiveness
from WHO (highly cost-effective, cost-effective, or not
cost-effective with an ICER <1, 1-3, or >3-times the per-
capita gross domestic product [GDP]; Chinese per-capita
GDP was $10276 in 2019).”

Univariate sensitivity analysis was done for all param-
eters within their respective ranges to identify the most
sensitive parameters. Probabilistic sensitivity analysis
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Figure 1: Cost-effectiveness frontier for all intervention strategies (100 000 cohort members)

Incremental QALYs and incremental costs of intervention strategies compared with the no intervention scenario. Names of the strategies located on the cost-
effectiveness frontier and their incremental cost-effectiveness ratios compared with the lower-cost non-dominated strategy are shown. The strategies on the upper
left of the frontier are dominated by the strategies on the lower right of them. Incremental QALYs and incremental costs are expressed as the value on Dec 31, 2019.
VIA=visual inspection with acetic acid. Pap=Papanicolaou test. HC-2=Hybrid Capture-2. LBC=liquid-based cytology. QALY=quality-adjusted-life-year. GDP=gross
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Figure 2: Cost-effectiveness acceptability curves for all strategies

Intervention strategies that never have the highest probability of being cost-effective within the willingness-to-
pay threshold of three-times the Chinese per-capita GDP are represented in grey. VIA=visual inspection with acetic
acid. QALYs=quality-adjusted life-years. GDP=gross domestic product.

was done based on 10000 simulations to establish the
probability of being cost-effective for each intervention
strategy compared with all others.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or

e1340

the decision to submit for publication.

Results

We identified the incremental costs and incremental
QALYs for the 61 intervention strategies, compared with
no intervention in a designated cohort of 100000 girls
aged 9-14 years over a lifetime (appendix 2 pp 13-14).
Overall, screening alone strategies with various methods
and frequencies would incur an additional cost of
$-107000 to 15737000. These strategies would result in
108-598 QALYs gained. By comparison, a vaccination
alone strategy would incur an additional cost of $6 142 000
and result in 632 QALYs gained. Further, combined
screening and vaccination strategies would incur an
additional cost of $6157000-22146000 and result in
691-970 QALYs gained.

Figure 1 shows the most cost-effective strategy,
according to willingness-to-pay (WTP) thresholds. On
the cost-effectiveness frontier, twice per lifetime VIA
screening alone was cost-saving compared with no
intervention, which was then followed by the same VIA
method but with more frequent screening—that is, once
every 10 years (ICER=$626 per QALY), once every 5 years
(ICER=$1802 per QALY), and once every 3 vyears
(ICER=$8586 per QALY). However, VIA screening
alone strategies only dominated at a WTP lower than
one-times the per-capita GDP. With a higher WTP up to
three-times the Chinese per-capita GDP ($30828), the
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Figure 3: Cost-effectiveness acceptability curves for all strategies at various costs of vaccination
Intervention strategies that never have the highest probability of being cost-effective within the willingness-to-pay threshold of three-times the Chinese per-capita
GDP are represented in grey. VIA=visual inspection with acetic acid. QALY=quality adjusted life-year. GDP=gross domestic product.

most cost-effective strategy became careHPV screening
alone once every 5 years (ICER=$15877 per QALY),
followed by VIA screening once every 5 years with
vaccination (ICER=$16187 per QALY), and careHPV
screening once every 5 years with vaccination
(ICER=%21799 per QALY). Combined Pap plus HC-2 or
liquid-based cytology plus HC-2 screening once every 3
years and vaccination represented the next two strategies
on the cost-effectiveness frontier, but both were not cost-
effective when compared with the lower-cost non-
dominated strategy (ICER=$276160 per QALY, and
$2008174 per QALY), which were far more than three-
times the per-capita GDP.

Figure 2 shows the cost-effectiveness acceptability
curves for all strategies at a range of WTIP between 0 and
three-times the per-capita GDP. At a WTP threshold of
three-times the per-capita GDP, careHPV screening once
every 5 years with vaccination showed a 44% probability
of being cost-effective and outperformed other strategies.
For a WTP between $18200 and $23900, VIA screening
once every 3 years with vaccination had the highest
probability of being cost-effective. When WTP was
reduced to between $15500 and $18200, VIA screening
once every 5 years with vaccination had the highest
probability of being cost-effective. When the WTP was
further reduced, VIA screening alone once every 3 years
had the highest probability of being cost-effective if the
WTP was between $8000 and $15500; VIA screening
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alone once every 5 years had the highest probability of
being cost-effective if the WTP was between $2000 and
$8000; VIA screening alone once every 10 years had the
highest probability of being cost-effective if the WTP was
between $700 and $2000; and twice per lifetime VIA
screening alone had the highest probability of being cost-
effective if the WTP was less than $700.

We assessed the effect of different vaccination costs on
the most cost-effective intervention strategy (figure 3).
The cost-effectiveness of all combined screening and
vaccination strategies improved when the vaccination
cost was reduced. Notably, when the vaccination cost was
less than $50 for two doses, any combined screening and
vaccination strategies showed a higher probability of
being cost-effective than screening alone strategies even
ata WTP of one-times the per-capita GDP. VIA screening
once every 5 years with vaccination had the greatest
probability of being cost-effective when the vaccination
cost was less than $50 for two doses at a WTP of one-
times the per-capita GDP. If the vaccination cost was less
than $10 for two doses, combined screening and
vaccination —strategies would always outperform
screening alone strategies at all WTP levels. Vaccination
alone became most cost-effective only when WTP was
very low (<$800).

Univariate sensitivity analysis showed that varying any
parameters did not substantially vary the ranking of cost-
effectiveness of the 61 intervention strategies (appendix 2
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pp 14-16). To conservatively estimate the vaccine efficacy
of the two-dose schedule, we pessimistically evaluated
the cost-effectiveness acceptability for all strategies when
the vaccine efficacy was only 80% or even 70% (appendix 2
p 16). Reducing the vaccine efficacy to 80% or 70% did
not affect the conclusion on the most cost-effective
intervention strategy.

Discussion

Coinciding with the release of the first Chinese domestic
HPV vaccine in 2019 and the substantial advancements
in cervical cancer screening technology, we compre-
hensively analysed the cost-effectiveness of strategies
combining various screening methods at different
frequencies with vaccination. Our study found that
among all investigated strategies, careHPV screening
once every 5 years with vaccination was the most cost-
effective strategy and should be the prioritised strategy
for cervical cancer prevention in China. Further reduction
of the vaccination cost to less than $50 for two doses
will enable combined vaccination and screening
strategies to become more cost-effective than screening
alone strategies even at a low WTP of one-times the per-
capita GDP.

Our research showed that implementing a domestic
HPV vaccination programme for girls aged 9-14 years
combined with careHPV screening once every 5 years for
women was more cost-effective than any screening alone
strategies at the current WTIP threshold of three-times
the per-capita GDP. A high price has always been a
substantial obstacle for rolling-out a national HPV
vaccination programme in China. Notably, the price of
Cecolin is only about half of that of the imported bivalent
HPV vaccines, and requires only two doses. This factor
could substantially reduce the cost associated with vac-
cination and increase the full-course coverage rate. The
market release of Cecolin will fill the current market
gap and provides a competitive option for the HPV
vaccination programme. Despite the fact that we
pessimistically assumed that the efficacy of the two-dose
Cecolin could be inferior to that of a three-dose vaccine,
with a reduced vaccine efficacy to only 70%, the
conclusion regarding the cost-effectiveness of the
combined strategies did not change.

The anticipated reduction in HPV vaccine price in the
foreseeable future could further facilitate the imple-
mentation of a national HPV vaccination programme. In
response to WHO’s global target of cervical cancer
elimination, political drive and momentum are building
for the Chinese Government to introduce an HPV
vaccine into its national immunisation programme
for girls. If the Chinese Government adopts price
negotiation and centralised procurement, it is likely
to reduce the current vaccine price further. Besides,
as more alternative domestic HPV vaccines are being
developed and are likely to be approved in the foreseeable
future, manufacturers could secure a market share by

reducing prices in fierce market competition. In this
context, our model suggests that if the vaccination cost
falls to less than $50 for two doses, combined screening
and vaccination strategies would be more cost-effective
than screening alone even at a low WTIP of one-times
the per-capita GDP. If the vaccination cost is further
reduced to $10 for two doses, combined strategies would
become more cost-effective than screening alone
strategies at any WTP levels. Notably, vaccination alone is
not the most cost-effective strategy unless the WTP is
very low, suggesting a combined strategy is always more
preferable.

Although careHPV screening has been shown to be
the most preferable screening strategy in terms of cost-
effectiveness, its implementation requires careful
consideration of the regional diversity in economic
development in China. At a WTP of three-times the
Chinese per-capita GDP, careHPV screening will always
outperform VIA screening as the most cost-effective
strategy. Consistently, studies in low-income and
middle-income country settings have shown that the
careHPV test is only slightly inferior to HC-2 but
outperforms the VIA and Pap test.**' Additionally,
the cost of the careHPV test is less than a quarter of
that of HC-2, and it can be done without running
water, electricity, or modern laboratory infrastructure.”
Further, the diagnostic results of the careHPV test can
be available within 3 h, which is important for point-of-
care treatment and reduces the potential loss to follow-
up. Therefore, the careHPV test is a well suited candidate
for resource-limited settings. In 2012, the careHPV test
had also been approved by the Chinese Food and Drug
Administration and has since become increasingly
accepted for cervical cancer screening across the
country. However, given China is a large country with
substantial regional differences in economic develop-
ment, it can be difficult for all Chinese jurisdictions to
implement the same screening strategy, as things stand
currently. Consistent with our findings, in jurisdictions
where their WTP is particularly low (eg, one-times the
Chinese per-capita GDP), VIA should be retained until
their economic development becomes practically
feasible to roll-out screening with the careHPV test.
Other factors, such as budget impact and equity should
also be taken into consideration.

Our study has several limitations. First, we used a
static model and did not consider the effects of herd
immunity. This method is likely to underestimate the
population effects and cost-effectiveness of the inter-
ventions involving vaccination. Second, because of the
scarcity of relevant epidemiological data in China, our
model did not take into account the cross-protection
against genotypes other than HPV 16 and 18, nor
other HPV-related diseases caused by HPV 16 and 18
infection, such as vulvar, vaginal, oropharyngeal, and
anal cancers. This method again underestimates
the population effects and cost-effectiveness of
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intervention strategies involving vaccination. Third, we
only considered a mnational schoolgirl vaccination
programme but did not assess the vaccination effect on
targeted populations such as older women, schoolboys,
and men who have sex with men. Fourth, we
acknowledge the coexistence of multiple cervical cancer
screening approaches in China and the estimated local
coverage of each cervical cancer screening programme
is difficult to obtain.

In conclusion, our results indicate that careHPV
screening once every 5 years with vaccination is the most
cost-effective strategy in China at a WTP of three-times
the per-capita GDP. We highlight a threshold of the
vaccination cost of $50 for two doses that benchmark the
upper-end vaccination cost for a future vaccination pro-
gramme to be most cost-effective even at a lower WTP.
Our study contributes important evidence for policies for
the prevention and control of cervical cancer in China
and also contributes to the global efforts of cervical
cancer elimination.
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