
1Shi W, et al. BMJ Open 2021;11:e052682. doi:10.1136/bmjopen-2021-052682

Open access 

Cost- effectiveness of human 
papillomavirus vaccine in China: a 
systematic review of modelling studies

Wenchuan Shi,1 Xiaoli Cheng,2 Haitao Wang,3 Xiao Zang    ,4 Tingting Chen    5

To cite: Shi W, Cheng X, 
Wang H, et al.  Cost- 
effectiveness of human 
papillomavirus vaccine in 
China: a systematic review of 
modelling studies. BMJ Open 
2021;11:e052682. doi:10.1136/
bmjopen-2021-052682

 ► Prepublication history and 
additional supplemental material 
for this paper are available 
online. To view these files, 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
bmjopen- 2021- 052682).

Received 23 April 2021
Accepted 18 November 2021

1School of Health Economics 
and Management, Nanjing 
University of Chinese Medicine, 
Nanjing, Jiangsu, China
2Dongfang Hospital, Beijing 
University of Chinese Medicine, 
Beijing, China
3Office of Financial Affairs, 
Chongqing Traditional Chinese 
Medicine Hospital, Chongqing, 
China, Chongqing, China
4Department of Epidemiology, 
Brown University School of 
Public Health, Providence, Rhode 
Island, USA
5The First School of Clinical 
Medicine, Nanjing University 
of Chinese Medicine, Nanjing, 
Jiangsu, China

Correspondence to
Dr Tingting Chen;  
 tingtingchen@ njucm. edu. cn

Original research

© Author(s) (or their 
employer(s)) 2021. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Objectives China suffers from high burdens of human 
papillomavirus (HPV) and cervical cancer, whereas 
the uptake of HPV vaccine remains low. The first 
Chinese domestic HPV vaccine was released in 2019. 
However, collective evidence on cost- effectiveness of 
HPV vaccination in China has yet to be established. We 
summarised evidence on the cost- effectiveness of HPV 
vaccine in China.
Design Systematic review and narrative synthesis
Data sources PubMed, EMBASE, China National 
Knowledge Infrastructure and Wanfang Data were 
searched through 2 January 2021
Eligibility criteria for selecting studies Cost- 
effectiveness studies using a modelling approach focusing 
on HPV vaccination interventions in the setting of China 
were included for review.
Data extraction and synthesis We extracted information 
from the selected studies focusing on cost- effectiveness 
results of various vaccination programmes, key contextual 
and methodological factors influencing cost- effectiveness 
estimates and an assessment of study quality.
Results A total of 14 studies were included for review. 
Considerable heterogeneity was found in terms of the 
methodologies used, HPV vaccination strategies evaluated 
and study quality. The reviewed studies generally 
supported the cost- effectiveness of HPV vaccine in 
China, although some reached alternative conclusions, 
particularly when assessed incremental to cervical cancer 
screening. Cost of vaccination was consistently identified 
as a key determinant for the cost- effectiveness of HPV 
vaccination programmes.
Conclusions Implementing HPV vaccination programmes 
should be complemented with expanded cervical cancer 
screening, while the release of lower- priced domestic 
vaccine offers more promising potential for initiating 
public HPV vaccination programmes. Findings of this 
study contributes important evidence for policies for 
cervical cancer prevention in China and methodological 
implications for future modelling efforts.

INTRODUCTION
As the leading cause of cervical cancer, 
human papillomavirus (HPV) is one of the 
most common sexually transmitted infections 
both in China and globally.1 A recent meta- 
analysis of nearly 200 studies on the preva-
lence of HPV revealed that as high as 19.0% 

(95% CI 17.1% to 20.9%) of women in China 
were infected with high- risk HPVs, while the 
subtypes with the highest infection rates were 
16, 52, 58, 53 and 18.2 Meanwhile, cervical 
cancer is the forth most common cancer for 
women worldwide, accounting for over 100 
000 new cases and 47 000 deaths each year 
in China.3 Among all the newly diagnosed 
cervical cancer cases in China, around two- 
thirds were found within the age group of 
44–64 years.3 HPV is predominately trans-
mitted through sexual contacts and is also 
responsible for many other diseases such as 
anal cancer, oropharyngeal cancer, vaginal 
and vulvar cancer, penile cancer and genital 
wart.4 5

Cervical cancer is preventable and curable 
in the early stages. To mobilise efforts to elim-
inate cervical cancer, WHO has set strategic 
targets for all countries by 2030, known as the 
90- 70- 90 targets: 90% of girls fully vaccinated 
by age 15; 70% of women screened twice in 
a lifetime for cervical cancer (by age 35 and 
45); 90% of women identified with cervical 
disease receive treatment.6 HPV vaccine has 
been endorsed as the most effective approach 
for preventing HPV infection and associ-
ated diseases. The USA, Australia, Canada 

Strengths and limitations of this study

 ► The first systematic review on the cost- effectiveness 
of human papillomavirus (HPV) vaccination strate-
gies in the setting of China.

 ► A total of 14 modelling studies with disparate meth-
odologies focusing on various HPV vaccination pro-
grammes and strategies were included for view.

 ► We performed a review of four databases in both 
English and Chinese on a comprehensive set of 
contextual and methodological factors to identify 
key determinants for cost- effectiveness results and 
optimal vaccination programmes.

 ► Not all aspects and assumptions of a model were 
evaluated in this review but only the ones we be-
lieved were most influential on cost- effectiveness 
results.

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-5722-8255
http://orcid.org/0000-0002-5777-3755
http://dx.doi.org/10.1136/bmjopen-2021-052682
http://dx.doi.org/10.1136/bmjopen-2021-052682
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2021-052682&domain=pdf&date_stamp=2021-11-08


2 Shi W, et al. BMJ Open 2021;11:e052682. doi:10.1136/bmjopen-2021-052682

Open access 

and the UK were among the first countries to introduce 
HPV vaccine into national immunisation programmes.7 
Population- level impact of HPV vaccine has been 
evidenced by many prior studies,8–10 and a recently 
published study following over 2000 women from Nordic 
countries who have received three doses of quadrivalent 
HPV vaccine for 14 years demonstrated a remarkable 
100% effectiveness against HPV16/19- related high- grade 
cervical dysplasia.11

It was not until July 2016, a decade after the first HPV 
vaccine’s licensing in the USA, when the first commer-
cial HPV vaccine, Cervarix, was approved to use in main-
land China.12 The first Chinese domestic HPV vaccine 
(Cecolin), a bivalent vaccine against HPV 16 and 18, was 
licensed by the Chinese Food and Drug Administration 
in Dec 2019 and priced only half of Cervarix.13 However, 
HPV vaccine coverage rate remains low. As of March 2021, 
there are no HPV vaccination programmes in China. 
According to an online cross- sectional survey of 4220 
female students from 136 Chinese universities in 2019, 
only 11% of participants reported have received the HPV 
vaccine.14 An even lower HPV vaccination coverage level 
(3.6% among females, 1.9% among males) was found in 
another online survey of college students in 2019.15 The 
low rate of HPV vaccination is attributable to many causes, 
including late introduction of HPV vaccines, high out- of- 
pocket costs, lack of awareness, and misunderstandings 
about HPV and HPV vaccines among the public.15 16

Cost- effectiveness analysis is widely used to evaluate 
the public health and economic value of health interven-
tions and policies. A number of systematic reviews have 
assessed cost- effectiveness models evaluating HPV vacci-
nation programmes across different policy settings.4 17–19 
However, none of them have focused on the Chinese 
context. Although most suggested that HPV vaccina-
tion programmes were likely to be cost- effective in many 
settings, some reached discordant conclusions. Many 
contextual and methodological factors may affect the 
estimated cost- effectiveness of HPV vaccination, such as 
baseline risk of HPV infection, uptake of cervical cancer 
screening and treatment, analytical perspective, model 
design, cost of vaccine, vaccine efficacy and duration of 
protection and comparison strategies.19–21 Therefore, 
caution should be taken when interpreting or extending 
these study findings and when developing new economic 
models. Given the increasing awareness of HPV and 
availability of HPV vaccines (more options and lower 
price) among the public, a targeted review of latest cost- 
effectiveness models of HPV vaccination in the setting of 
China will be of substantial value for public health policy 
making. Furthermore, an understanding of the range 
of methods and assumptions used in analysing the cost- 
effectiveness of HPV vaccination can help guide future 
modelling development efforts.

We executed a systematic review of published cost- 
effectiveness studies of HPV vaccination in China. 
We comprehensively compared differences in cost- 
effectiveness results of various HPV vaccination 

programmes alone, in addition to, or in combination with 
other cervical cancer prevention interventions as a result 
of various modelling methods, designs and assumptions.

METHODS
Search Strategy
We performed a systematic review of literature published 
in English and Chinese following the Preferred Reporting 
Items for Systematic Reviews and Meta- Analyses guide-
lines22 for reporting of systematic reviews (online supple-
mental appendix table S1). The systematic literature 
search was conducted in databases MEDLINE (PubMed), 
and EMBASE for articles in English, as well as in databases 
China National Knowledge Infrastructure and Wanfang 
Data for articles in Chinese. We developed search terms 
using a combination of the following keywords: ‘HPV/
cervical cancer’, ‘vaccine’, ‘cost- effectiveness’ and ‘China’ 
(see online supplemental appendix table S2, S3 for 
detailed search strategies). Corresponding key terms in 
Chinese were used in searching Chinese databases. Our 
searches covered all published literature up to our last 
search on 2 January 2021 with no limitations on publica-
tion date.

Selection criteria
Cost- effectiveness studies fulfilling the following selec-
tion criteria were included in review: (1) studies focusing 
on HPV vaccination interventions explicitly, alone or 
in combination with other interventions; (2) studies 
analysing the cost- effectiveness of HPV vaccination using 
a modelling approach, excluding those where costs were 
not assessed or using a non- modelling approach; (3) 
studies conducted in the setting of China (including 
the special administrative regions of Hong Kong and 
Macau), excluding those examining a broader context 
where China was only a subregion in the analysis and 
(4) studies published as full- length original research arti-
cles, excluding conference abstracts and commentaries, 
to ensure sufficient details were provided (in the manu-
script or online supplemental appendix) for the informa-
tion required for this review.

Data extraction and analysis
Information pertaining to the cost- effectiveness results 
and different contextual and methodological factors 
aforementioned that might influence cost- effectiveness 
results was extracted for each selected study. These 
factors were generally grouped in four categories: (1) 
study design, including both model structural design 
and analytical design; (2) HPV vaccine, such as type, effi-
cacy, price and other assumptions; (3) HPV vaccination 
strategies compared and evaluation approach; and (4) 
uncertainty analysis and study quality. Data extraction was 
independently performed by two reviewers (WS and XC) 
and any differences were resolved with a third reviewer 
(HW or XZ). For articles published in Chinese, data 
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extraction was conducted in the original language and 
translated into English for analysis.

We converted cost- effectiveness results and unit cost 
for vaccine from all studies in different currencies and 
years to 2021 USD according to the Consumer Price 
Index Inflation and USD/CNY exchange rate in January 
2021 (US$1=¥6.5). For studies where the currency year 
was not stated, we assumed it to be the year of the study’s 
publication. We also provided an assessment of the 
reviewed economic evaluations using the Consensus on 
Health Economic Criteria (CHEC)- list23 to determine the 
percentage of checklist items (a total of 19) that each study 
met as a score for study quality. Given the heterogeneity 
in modelling designs and methods, study population (eg, 
girls/women of different ages), interventions (eg, type 
of vaccine), health outcomes, comparator strategies, as 
well as some practical challenges (eg, no sample size for 
weight assignment), a meta- analysis is rarely feasible for 
cost- effectiveness outcomes and thus was not performed 
in this study.24

Patient and public involvement statement
Neither patients nor the public were involved in this 
review.

RESULTS
Figure 1 presents a flow diagram of the study search and 
selection process. A total of 136 articles (69 in English and 
67 in Chinese) were identified after removing the dupli-
cates (N=78). Following screening of titles and abstracts, 
35 full- text articles were evaluated, among which 14 met 
the selection criteria (10 in English and 4 in Chinese) 
and were included for review.13 25–37 Of these 14 included 
studies, all were published after 2010 and 12 after 2016 

(the year when the first HPV vaccine was licensed to use) 
(table 1). Most studies evaluated HPV vaccination at the 
national level (8/14), as opposed to focusing on one 
providence (4/14) or city (2/14). All studies except one 
(in Hong Kong) were conducted in the setting of main-
land China.

Study design
The majority of studies (13/14) adopted a cohort- based 
model that stratifies the study population into groups 
according to each individual’s characteristics and health 
state, whereas only one used an individual- based model 
(table 1). In addition to the susceptible and death states, 
most models considered a similar set of disease states, 
including different stages of cervical intraepithelial 
neoplasia/squamous intraepithelial lesion and cervical 
cancer. Three studies included additional states for HPV 
infection (stratified by risk level) prior to developing 
cervical intraepithelial neoplasia, and only two also 
accounted for genital wart as possible consequence of 
HPV infection. Although HPV is an infectious disease that 
is transmitted through sexual contacts, dynamic models 
that capture changing risk of infection (as a function 
the number of infectious individuals in the population 
at a given time point)38 were only used in 4/14 studies. 
The study population simulated in each model were in 
line with the type of model used, where population of 
both males and females were considered all in dynamic 
models to construct transmission dynamics and poten-
tial herd immunity (other models considered females 
only). The majority of models assessed (12/14) consid-
ered a lifetime (or 100- year) time horizon to capture all 
possible long- term benefits and consequences of alterna-
tive interventions. Only eight models explicitly described 
the cycle length used in the model simulation, among 
which six used a yearly cycle and two used a monthly 
cycle. Although a shorter cycle may better capture the 
continuous- time reality and incidence of HPV infection 
during the period,39 yearly cycles may have limited impact 
on biasing cost- effectiveness results given the long incu-
bation period but can help reduce computation time. In 
estimating relevant costs, over half studies (7/12) framed 
their analysis from the perspective of healthcare sector/
payer, two from the perspective of government, and only 
three adopted a broader societal perspective, whereas 
two did not explicitly report their perspectives. Out of 
the 14 studies, 11 used utility- based measure for health 
outcomes, such as quality- adjusted life years and disability- 
adjusted life years, while the remaining estimated health 
benefits in the unit of life year saved or death averted. A 
3% discounting rate was universally applied in all studies 
(except one whose discounting rate was unreported). 
Model calibration and validation are both recommended 
by modelling guidelines and are critical steps to establish 
the credibility and reliability of economic models against 
empirical data.40 41 However, only nine studies incorpo-
rated either calibration or validation (two performed 
both) in their analysis.

Figure 1 Flow diagram of study selection. CEA, cost- 
effectiveness analysis.
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HPV vaccine
The type of HPV vaccine modelled and pertaining 
features and assumptions varied across different studies 
(table 2). All studies focused on the vaccination of 
females only. While in most studies (12/14) vaccination 
was considered to be implemented among preadolescent 
girls under age 18 (before sexual debut); two studies 
focused on vaccination at the age of 18–25, one examined 
HPV vaccination at different ages between 12 and 55, and 
one also considered expanded catch- up programmes 
among females aged 16–39 (the primary programme 
still focused on preadolescent girls). Different types of 
vaccine were considered in different studies: eight studies 
focused on a bivalent vaccine, one on a quadrivalent 
vaccine, one on a nonavalent vaccine, two compared all 
these three types in one study, while two did not specify 
the valence of vaccine. Three- dose schedule was consid-
ered in nine studies; the remaining either assumed a two- 
dose schedule or did not report required doses. Although 
most models derived estimates for vaccine efficacy against 
cervical cancer and other HPV- related disease states from 
real- world data (clinical trials or observational studies), 
a few studies (5/14) assumed a 100% vaccine efficacy, 
which might result in possible overestimation for the 
impact and cost- effectiveness of HPV vaccine. Regarding 
vaccination coverage for the modelled interventions, half 
studies assumed a 70% coverage in their primary analysis 
(which may vary in sensitivity analysis (SA)), following by a 
coverage level of 100% (3/14), 80% (1/14), 50% (1/14) 
and 20% (1/14), while one aimed to explore different 
coverage levels (25%, 50%, 75%). Most studies (13/14) 
assumed lifelong vaccine protection (in which one also 
explored other durations of protection) while only one 
considered a waning of immunity over time. Cost of 
vaccination, including medical cost for multiple doses 
and relevant administration cost, varied between studies 
on different types of vaccine ranging from US$54.2 to 
US$663. Most (8/14) chose a cost between US$300 and 
US$500. The first domestic vaccine was analysed in Zou et 
al13 study that was priced at US$99.8 per vaccination (in 
2019 US$).

Cost-effectiveness of HPV vaccination strategies
Despite no established cost- effectiveness threshold 
in China, almost all studies used the heuristic cost- 
effectiveness threshold proposed by the WHO based on 
local gross domestic product (GDP) per capita, even 
though two studies did not use a utility- based measure for 
health outcomes (table 3). The only exception was one 
that used an extended cost- effectiveness framework whose 
primary outcome was not incremental cost- effectiveness 
ratio (and thus did not specify the threshold). Various HPV 
vaccination strategies were assessed in the reviewed studies. 
Eight studies examined the impact and cost- effectiveness 
of HPV vaccination programmes incremental to either 
existing screening programmes or opportunistic vacci-
nation programmes or none at all, among which three 
stratified their analysis by different vaccination coverage 

levels, different ages of vaccination and different income 
levels of target population. Although these eight studies 
sought to address slightly different study questions, they 
appeared to reach a consistent conclusion that HPV 
vaccination was cost- effective. One study examining the 
effect of vaccination age showed that vaccination was cost- 
effective at any age under 23 years in rural and any age 
under 25 years in urban areas. One study compared the 
value of nonavalent vaccine to quadrivalent and bivalent 
vaccine for the prevention of cervical cancer and found it 
not cost- effective unless the nonavalent vaccine could be 
priced lower than US$550 and US$450 for the full doses 
(as opposed to US$663 used in the study, in 2017 US$), 
respectively. The other five studies, on the other hand, 
analysed combination strategies for HPV vaccination with 
various HPV screening methods or frequencies, three of 
which also created cost- effective frontiers to identify an 
optimal strategy. However, findings of these studies were 
less consistent, and sometimes contradictory. Canfell et al 
study examined the association between cost- effectiveness 
of HPV vaccination strategies (in combination with 
screening interventions) and cost per vaccinated girl 
(CVG), and found strategies involving vaccination would 
be cost- effective only at CVGs of US$50–US$54 or less (if 
CVG>US$54, screening- only strategies would be more 
cost- effective).25 Ma et al study found that the addition of 
universal vaccination to screening programmes was not 
cost- effective unless with at least a 50% reduction on the 
vaccine price (from US$451 to US$226).32 The optimal 
combination of vaccine type and screening method 
identified in Mo et al study was nonavalent vaccination 
and visual inspection with acetic acid (VIA).33 However, 
another finding of this study was that quadrivalent and 
nonavalent vaccine both denominated bivalent vaccine 
regarding the cost- effectiveness, conversely to Jiang et 
al’s results.27 Although Song et al showed that the combi-
nation of vaccination at age 15 and screening twice in a 
lifetime (at age 35 and 45) was cost- effective compared 
with no intervention, but it was not cost- effective when 
compared with only screening twice in a lifetime (optimal 
strategy).35 Zou et al was the only study that included the 
domestic vaccine in their analysis (with lower price than 
the imported vaccines) and they identified the optimal 
strategy to be vaccination with careHPV screening once 
every 5 years.13 They also determined that adding vacci-
nation to screening programmes would be consistently 
more cost- effective than screening alone when vaccina-
tion cost could be lower than US$50.

Uncertainty analysis and study quality
To assess model uncertainty, many studies explicitly incor-
porated SA, including one- way SA (in 10 studies), two- 
way SA (in 1 study) and probabilistic SA (in 5 studies) 
(table 3, some studies incorporated multiple types of SA). 
Among those performed one- way SA, the parameters that 
cost- effectiveness results were most sensitive to included 
discounting rate, cost of vaccine and vaccine efficacy. 
Quality assessment of the reviewed studies against the 
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CHEC- list suggested that most of them upheld a high 
level of quality in reporting, with an average score of 
85 and ranging from 53 to 100 (where 100 represented 
100% of checklist items were complied with) (online 
supplemental appendix table S4).

DISCUSSION
To our knowledge, this study provides the first system-
atic review on the cost- effectiveness of introducing HPV 
vaccination programmes in the setting of China. In this 
review, we performed a comprehensive and in- depth 
assessment of 14 model- based cost- effectiveness studies 
regarding their findings, study design, and assumptions 
for HPV vaccine and vaccination programmes. Despite 
considerable heterogeneity in the methodologies used 
in different models, our findings show that HPV vacci-
nation is estimated to have substantial potential to be a 
cost- effective addition to existing/other cervical cancer 
prevention interventions in China. However, the cost- 
effectiveness of HPV vaccination is likely to depend on 
considerations such as cost of vaccination, age of vacci-
nation, vaccine efficacy, as well as complementary and/
or competing strategies (eg, cervical cancer screening).

Among all the influential factors, cost of vaccine was 
consistently identified as a key determinant for the cost- 
effectiveness of HPV vaccination. Cost estimates varied 
considerably across studies for different vaccines and 
years; acquiring more reliable evidence on vaccine cost will 
help reduce uncertainty surrounding cost- effectiveness 
results. Six of the reviewed studies performed additional 
threshold analysis to determine the cost at which adding 
HPV vaccination to cervical cancer screening programmes 
would become/remain (more) cost- effective. While three 
studies suggested disparate thresholds for the cost per 
fully vaccinated girl/woman ranging from US$226 to 
US$689, findings of the other three were more consistent 
showing a lower threshold of US$50. The Zou et al study 
assessed the first domestic bivalent HPV vaccine at a unit 
cost of US$99.8, substantially cheaper than the imported 
vaccines.13 Given more domestic vaccines under develop-
ment and growing initiatives to include HPV vaccine into 
national immunisation programme, further reduction in 
vaccine price and improved cost- effectiveness is attain-
able in the foreseeable future. Furthermore, some other 
characteristics and assumptions of HPV vaccine and vacci-
nation programmes were also found to be associated with 
increased cost- effectiveness of HPV vaccination, such as 
higher vaccine efficacy, longer duration of vaccine immu-
nity, younger age being vaccinated and higher vaccina-
tion coverage (although most models did not account for 
herd immunity).

Findings of the reviewed studies were generally consis-
tent with other systematic reviews focusing on cost- 
effectiveness of HPV vaccination in low- income and 
middle- income countries.19 42 43 Most of these studies 
concluded that vaccination was likely to be cost- effective, 
particularly in contexts without organised cervical cancer R
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screening programmes. On the contrary, HPV vacci-
nation, regardless of the type of vaccine and modelling 
design, was more consistently found in high- income 
countries,44 45 due in large to higher willingness to pay 
thresholds and vaccine uptake. Based on the summary of 
evidence, a few recommendations may be provided for 
implementing HPV vaccination programmes to enhance 
its cost- effectiveness. HPV vaccine is most recommended 
for routine vaccination for girls at younger age (before 
16) while will still remain valuable for women of older 
age (under 23 years in rural and under 25 years in urban 
areas) according to one reviewed study that explored 
different vaccination ages.29 The US Centers for Disease 
Control and Prevention recommended vaccination for 
everyone (including men) at age 11 through age 26 
years.46 In the UK, men and women aged 12–13 years 
are routinely offered HPV vaccination and can access 
free vaccination up until their 25th birthday.47 Regarding 
the type of vaccine for recommendation, two studies 
reached contradicting conclusions about the relative 
cost- effectiveness between nonavalent, quadrivalent and 
bivalent vaccines. This difference is likely attributable 
to disparate costs applied for different vaccines in the 
two models. In Jiang et al’s model,27 nonavalent vaccine 
was assumed to be 60% and 116% more expensive than 
quadrivalent and bivalent vaccines, respectively, while it 
costed only 11% more than the other two vaccines in Mo 
et al’s study.33 Future investigations of different vaccines 
and their pricing, efficacy and population impacts may 
be required for more rigorous recommendation strat-
egies. Meanwhile, the reviewed studies demonstrated 
strong synergies between HPV vaccination and cervical 
cancer screening that the greatest public health bene-
fits, and sometimes also the optimal strategy, could be 
achieved only when these two interventions were imple-
mented simultaneously. However, in identifying the 
optimal combination strategies, two studies indicated 
that screening alone might outperform strategies with 
the addition of HPV vaccination, while there was less 
consistency regarding the screening methods (pap, VIA 
or careHPV test) and testing frequencies. Given current 
low uptake of screening in China, establishing appro-
priate strategies to substantially expand cervical cancer 
screening should be prioritised prior to or simultaneously 
with implementing HPV vaccination programmes.

From the methodological point of view, a few recom-
mended model design and practice may be highlighted 
for future modelling efforts. First, a key finding of this 
review was that the majority of reviewed studies applied 
a static model in simulating HPV infection that was 
unable to capture potential herd immunity when HPV 
vaccination reached a high level of coverage. According 
to the modelling guideline, dynamic design is important 
to consider when an intervention affects a pathogen’s 
ecology or when the intervention affects disease trans-
mission.38 Incorporating dynamic design will ensure 
capturing the indirect effects of HPV vaccination that arise 
from averted infections, that is, individuals not reached 

by the vaccination programme can still benefit by expe-
riencing a lower infection risk. However, applying such a 
dynamic model may require modelling the population of 
men (who are non- recipients of HPV vaccine) as well as 
additional model parameters. Second, cost- effectiveness 
models are built on various input data and assumptions 
and are inevitably subject to uncertainty. Handling model 
uncertainty is important and can help assess the robust-
ness of model results and enhance our confidence in a 
chosen course of action. Model calibration and SA are 
both recommended practices40 to address uncertainty but 
were not performed in all models (calibration in 7/14 
models, SA in 12/14 models). For the conduct of uncer-
tainty analysis, we also recommend carefully choosing 
uncertainty ranges for parameters to meaningfully reflect 
their plausible values (rather than imposing an arbitrarily 
range) and explicitly reporting the rationale. Third, 
although cervical cancer is the primary disease following 
HPV infection, it is also important to account for other 
possible consequences and diseases, without which the 
impact and cost- effectiveness of HPV vaccination may be 
underestimated.

Our review may have some limitations. First, we did not 
attempt to exhaustively include all aspects and assump-
tions of a model in this review (such as utility estimates, 
force of infection, disease progression) but only the ones 
we believed were most influential on cost- effectiveness 
results. Second, the quality of evidence used to support 
a model is another central factor in ensuring credibility 
and reliability of model inferences but was not assessed 
in this review. Third, we were unable to perform a meta- 
analysis due to the variability across studies in the strate-
gies evaluated and outcomes reported. Nevertheless, all 
studies have compared the estimated cost- effectiveness 
with the WHO- CHOICE cost- effectiveness benchmark 
using local (national, provincial or city- level) GDP per 
capita, providing a consistent criterion across studies.

The body of evidence from this systematic review of cost- 
effectiveness modelling studies on HPV vaccine suggests 
that implementing HPV vaccination programmes for 
young girls is likely warranted in China and should be 
paired with expansion of cervical cancer screening to 
maximise their impact. Cost of vaccination was found to 
significantly affect the cost- effectiveness estimates and 
policy recommendations. As domestic vaccines become 
available and their prices continue to drop, HPV vacci-
nation will become a more viable option in designing 
cervical cancer prevention programmes. Future model-
ling studies following established best- practice standards 
are needed to reduce decision uncertainty and defini-
tively establish the cost- effectiveness of HPV vaccination 
in combination with screening programmes.
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