
1Jiang Y, et al. BMJ Open 2019;9:e031186. doi:10.1136/bmjopen-2019-031186

Open access 

Cost- effectiveness and value- based 
prices of the 9- valent human 
papillomavirus vaccine for the 
prevention of cervical cancer in China: 
an economic modelling analysis

Y Jiang,1 Weiyi Ni,2 Jing Wu   3

To cite: Jiang Y, Ni W, Wu J.  
Cost- effectiveness and value- 
based prices of the 9- valent 
human papillomavirus vaccine 
for the prevention of cervical 
cancer in China: an economic 
modelling analysis. BMJ Open 
2019;9:e031186. doi:10.1136/
bmjopen-2019-031186

 ► Prepublication history and 
additional material for this 
paper are available online. To 
view these files, please visit 
the journal online (http:// dx. doi. 
org/ 10. 1136/ bmjopen- 2019- 
031186).

Received 20 April 2019
Revised 12 October 2019
Accepted 05 November 2019

1School of Public Health 
(Shenzhen), Sun Yat- Sen 
University, Shenzhen, 
Guangdong, China
2Department of Pharmaceutical 
and Health Economics, 
University of Southern California, 
Los Angeles, California, USA
3School of Pharmaceutical 
Science and Technology, Tianjin 
University, Tianjin, China

Correspondence to
Dr Jing Wu;  jingwu@ tju. edu. cn

Original research

© Author(s) (or their 
employer(s)) 2019. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

Strengths and limitations of this study

 ► The study used a previously validated model.
 ► The analyses used Chinese- specific input data.
 ► Only analysed individuals without prior infection.
 ► Used a static model instead of a dynamic model and 
did not consider herd immunity.

 ► Did not take into account the prevention of genital 
warts.

AbStrACt
Objectives To evaluate the cost- effectiveness of the 
9- valent human papillomavirus (HPV) vaccine for the 
prevention of cervical cancer in China.
Design Health economic modelling using the 
Papillomavirus Rapid Interface for Modelling and 
Economics (PRIME) model populated with China- specific 
data.
Setting Individual cervical cancer prevention in China 
using the 9- valent HPV vaccine from the perspective of 
private sector purchasers in relation to receiving other HPV 
vaccines and not receiving vaccination for 16- year- old 
girls in China who had not been previously infected with 
HPV.
Participants Not applicable.
Interventions Vaccination using the 9- valent, the 
quadrivalent and the bivalent vaccines.
Primary outcome measure Incremental costs per 
disability- adjusted life year (DALY) prevented.
results In the base case, the incremental costs per DALY 
prevented were, respectively, US$35 000 and US$50 455 
compared with the quadrivalent and the bivalent vaccines, 
both of which were above the cost- effective threshold of 
US$25 920/DALY prevented. To be cost- effective in these 
comparisons, the 9- valent vaccine should be priced at 
$550 and $450 for the full doses, respectively. To be highly 
cost- effective, the price thresholds were $435 and $335. 
The incremental costs per DALY prevented in relation 
to no vaccination was US$23 012, making the 9- valent 
vaccine marginally cost- effective. The results were robust 
in most one- way sensitivity analyses including changing 
vaccination age to 13 and 26 years.
Conclusions At the current price, the 9- valent HPV 
vaccine is not cost- effective compared with the 
quadrivalent and the bivalent vaccines for young girls in 
China who had not been previously infected with HPV. 
Policymakers and clinicians should keep potential vaccine 
recipients informed about the economic profile of the 
9- valent vaccine and carefully consider expanding its use 
in China at the current price.

IntrODuCtIOn
Less than 1 year after the launch of the biva-
lent and quadrivalent human papillomavirus 

(HPV) vaccines in China, the 9- valent HPV 
vaccine was also approved by the China Food 
and Drug Administration in April 2018. 
Unlike the review processes of bivalent and 
quadrivalent HPV vaccines that took about 10 
years in China, the review process of 9- valent 
HPV vaccine took a record short period of 
9 days.1 However, the 9- valent HPV vaccine was 
only approved for use among 16–26- year- old 
girls, whereas the bivalent and quadrivalent 
HPV vaccines were approved for use among 
9–26- year- old boys and girls.2

Among the oncogenic HPV types, the 
bivalent and the quadrivalent vaccines are 
efficacious against types 16/18, whereas the 
9- valent vaccine provides additional protec-
tion against types 31/33/45/52/58.3 Both 
the quadrivalent and the 9- valent vaccines 
are also protective against HPV types 6/11, 
which can cause genital warts.3 The cost- 
effectiveness of bivalent and quadrivalent 
HPV vaccines for the prevention of cervical 
cancer has been previously analysed in the 
setting of China. The results of such analyses 
were favourable to the cost- effectiveness of the 
bivalent and quadrivalent vaccines compared 
with no vaccination for the prevention of 
cervical cancer.4 5 However, the previous 
analyses in the literature were conducted 
before the introduction of the first HPV 
vaccine in China. Hence, the prices of HPV 
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vaccines in the previous analyses was around $50, which 
did not reflect the present reality. In the meantime, the 
cost- effectiveness of the 9- valent HPV vaccine in China is 
still unknown. In light of this, it is important to obtain 
evidence on the value of the 9- valent vaccine to deter-
mine whether it should be used more broadly. Although 
previous studies have quantified the cost- effectiveness of 
the 9- valent vaccines compared with alternative vaccines 
in other countries,3 6–9 evidence in other healthcare 
systems is not portable to China for numerous reasons 
such as different prices, cancer treatment costs and epide-
miological profiles. As such, the objective of the current 
study was to analyse the cost- effectiveness of the 9- valent 
HPV vaccine for the prevention of cervical cancer among 
Chinese women from the perspective of private sector 
purchasers because HPV vaccines are neither publicly 
funded nor reimbursed by any payers to our knowledge. 
More specifically, this study pertains to the clinical deci-
sion setting of whether it is cost- effective for a Chinese 
woman without previous infection to use the 9- valent 
HPV vaccine. We compared the 9- valent vaccine with the 
quadrivalent vaccines, the bivalent vaccines and no vacci-
nation, respectively. Among these, the comparison with 
the quadrivalent vaccine forms a specific incremental 
efficacy evaluation of cervical cancer prevention. Thus, 
it serves as the primary basis for discussion and conclu-
sion. The comparison with the bivalent vaccine may be 
complicated by the additional efficacy of preventing non- 
oncogenic HPV types provided by the 9- valent vaccine, 
whereas the comparison with no vaccination is arguably 
not incremental. However, the alternative comparisons 
were necessary to render a comprehensive understanding 
of the health economic profile of the 9- valent vaccine, 
which is important because even the bivalent and the 
quadrivalent vaccines are subject to cost- effectiveness 
concerns for women living in rural areas of China.10

MethODS
We adapted the Papillomavirus Rapid Interface for 
Modelling and Economics (PRIME) model in the current 
analysis. The PRIME model is a health economic model 
developed by WHO that allows country- specific evaluation 
of HPV vaccination among women without prior infection 
of HPV.11 12 Country- specific cervical cancer incidence, 
mortality, HPV type distribution and economic data were 
built in the model. The model developers assessed the 
quality of country- specific data as either ‘satisfactory’ 
or ‘unsatisfactory’ based on availability of data for each 
country and quality of methods used in data collection, 
and the Chinese data were deemed ‘satisfactory’.11 The 
model calculates the incremental costs per disability- 
adjusted life year (DALY) prevented for vaccinated indi-
viduals over a lifetime as well as population outcomes 
such as cervical cancer prevented and deaths prevented. 
In addition, the model was validated against previously 
published HPV vaccine cost- effectiveness studies in the 

literature. More details of the model have been described 
elsewhere and in online supplementary appendix 1.11

The current analysis only examined incremental 
costs per DALY prevented for vaccinated individuals. 
Because the intervention of interest in the current 
analysis is 9- valent HPV vaccination, we modified the 
model to use the proportion of cervical cancer that was 
attributable to HPV types 16/18/31/33/45/52/58 in 
China reported by International Agency for Research 
on Cancer (IARC) HPV Information Centre instead of 
only the proportion that was attributable to types 16/18 
in the original model.12 13 According to IARC estimates, 
92% of cervical cancer in China were attributable to types 
16/18/31/33/45/52/58.13

The model also permitted customisation of target age 
group, efficacy of vaccine (percentage of cervical cancer 
reduction), vaccine price, vaccine delivery costs, cancer 
treatment cost, discount rate and disutility values of 
three cancer- related health states (cancer diagnosis, non- 
terminal cancer sequelae and terminal cancer). Data in 
the customised input fields can over- ride the default data. 
In the current analysis, default data of efficacy of vaccine, 
discount rate and disutility values were used. It should 
be noted that several other inputs could be customised 
in the model including coverage rate (or uptake rate), 
birth cohort size and cohort size at the vaccination age. 
Except for coverage rate, these inputs only affect popula-
tion outcomes that are not of interest in the current anal-
ysis and does not affect the results of the cost- effectiveness 
results for vaccinated individuals. We assumed a coverage 
rate of 100% in our analysis such that the mean popula-
tion result is equivalent to that of an average vaccinated 
individual.

In the base case analysis, the target age group was 
16- year- old girls because this was the youngest group 
among the current age of licensure of the 9- valent vaccine 
in China (additional explanation in online supplemen-
tary appendix 2). It is noteworthy that this was older than 
WHO- recommended primary target age window of 9–14 
years.14 Regardless of vaccination age, the time horizon 
was set so such that the cohort were followed up to 100 
years old. The price of 9- valent HPV vaccine in govern-
ment procurement catalogue as of December 2018 was 
used.15 16 We also assessed the prices at which the incre-
mental costs per DALY prevented were at the cost- effective 
threshold of three times the 2017 China gross domestic 
product (GDP) per capita and at the highly cost- effective 
threshold of once the 2017 China GDP per capita to 
inform decision makers of the value- based prices. There-
fore, the cost- effective threshold and the highly cost- 
effective thresholds are US$25 920/DALY prevented and 
US$8640/DALY prevented, respectively.17 Default data of 
vaccine administration costs per person in China in the 
PRIME model were used but adjusted to 2017 equivalent 
using the healthcare component Consumer Price Indices 
in China.18 In addition, cancer treatment costs in 2015 
were updated to 2017 US dollars.18 19 Input data are listed 
in table 1.
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Table 1 Input data and model results of the base case 
analysis of the 9- valent HPV vaccine and the exploratory 
analyses of the bivalent and quadrivalent HPV vaccines

Input data

Parameter Value Reference/source

Vaccination age 16 years NA

Percentage of cervical 
cancer in China 
attributable to types 
16/18/31/33/45/52/58

92.0% 13

Percentage of cervical 
cancer in China 
attributable to types 
16/18

69.1% 13

9- valent vaccine price for 
full doses (2017 US$)

$610 15 16

Quadrivalent vaccine 
price for full doses (2017 
US$)

$375 15 16

Bivalent vaccine price for 
full doses (2017 US$)

$273 15 16

Vaccine administration 
costs (2017 US$)

$18 Model default with 
inflation adjustment16 

18

Cancer treatment costs 
(2017 US$)

$7183 18 19

Efficacy of vaccine 100% Model default

Discount rate 3% Base case 
assumption

Disutility weight of 
cancer diagnosis

0.08 Model default

Disutility weight of non- 
terminal cancer sequelae

0.11 Model default

Disutility weight of 
terminal cancer

0.78 Model default

DALY, disability- adjusted life year;HPV, human papillomavirus; 
ICER, incremental cost- effectiveness ratio measured as 
incremental costs per DALY prevented; NA, not applicable.

In one- way sensitivity analyses, age at vaccination (each 
age between 13 and 26 years), efficacy of vaccine (reduced 
to 90%), cervical cancer incidence of all age groups, 
cervical cancer mortality, all- cause mortality, cancer treat-
ment costs, disutility of terminal cancer and discount rate 
(1% and 5%) were varied to examine the robustness of 
incremental costs per DALY prevented results. Parame-
ters of interest other than age at vaccination, efficacy and 
discount rate were increased and decreased by 25%. In the 
pivotal clinical trial based on which the quadrivalent HPV 
vaccine was approved by the Chinese regulatory body, the 
efficacy against cervical intraepithelial neoplasia (CIN) 
grades 1+ and 2+ related to HPV 6/11/16/18 was 100% 
at the end of the 12th month.20 Also, the efficacy against 
cervical persistent infection was above 90%.20 Therefore, 

the efficacy was set to 90% in the sensitivity analyses to 
test the impact of possible lower efficacy after vaccination.

Patient and Public Involvement
Patients were not involved.

reSultS
The base case results of comparing the 9- valent vaccine 
with the quadrivalent and bivalent vaccines are shown 
in table 2 (more detailed information on the base- 
case results is in online supplementary appendix 3). 
The incremental costs per DALY prevented compared 
with the quadrivalent and the bivalent vaccines were 
US$35 000 and US$50 455, respectively. Therefore, the 
9- valent vaccine was not cost- effective when compared 
with either the quadrivalent or the bivalent vaccine. To 
be cost- effective, the 9- valent vaccine should be priced at 
$550 and $450 for the full doses, respectively. To be highly 
cost- effective, the price thresholds were $435 and $335. 
Furthermore, the 9- valent vaccine should be priced at 
$505 to reach the same ICER as the quadrivalent vaccine 
when both vaccines were compared with no vaccination. 
The corresponding price was $370 when the comparator 
was the bivalent vaccine.

The results of comparing with no vaccination are 
displayed in table 2. The incremental costs per DALY 
prevented were US$23 012. This was slightly less than the 
cost- effective threshold but substantially above the highly 
cost- effective threshold. In addition, the prices for the 
9- valent HPV vaccine to be cost- effective and highly cost- 
effective were $680 and $220, respectively.

The results of one- way sensitivity analyses are presented 
in online supplementary appendix 4. The results of 
comparing with the quadrivalent and the bivalent vaccines 
were relatively sensitive to using alternative discount 
rates. When the discount rate was 1%, the 9- valent 
vaccine was cost- effective compared with both the quad-
rivalent and the bivalent vaccines, but not highly cost- 
effective. However, none of the other changes impacted 
the inference using either the cost- effective threshold or 
the highly cost- effective threshold. In the comparison 
with no vaccination, both using alternative discount rates 
and changing the mortality rate of cervical cancer had 
substantial impacts on the results. When the discount 
rate was 5%, the incremental costs per DALY prevented 
in the comparison of the 9- valent vaccine and no vacci-
nation were $43,145, which was above the cost- effective 
threshold. Similarly, the corresponding result was $30 246 
when the mortality rate of cervical cancer was reduced by 
25%, which was also above the cost- effective threshold. 
The results remained cost- effective in all other scenarios.

DISCuSSIOn
In the present analysis, the 9- valent HPV vaccine was 
not cost- effective for the prevention of cervical cancer 
among 16–26- year- old Chinese girls without prior HPV 
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Table 2 Base case results

9- valent vaccine Quadrivalent vaccine Bivalent vaccine

Discounted net costs $611 $380 $278

Discounted DALYs prevented 0.0265 0.0199 0.0199

ICER of 9- valent vaccine vs other vaccines NA $35 000 $50 455

ICER vs not being vaccinated $23 012 $19 061 $13 944

Price threshold of 9- valent vaccine to be cost- effective vs 
other vaccines*

NA $550 $450

Price threshold of 9- valent vaccine to be highly cost- 
effective vs other vaccines†

NA $435 $335

Price threshold of 9- valent vaccine to be as cost- effective 
as other vaccines‡

NA $505 $370

Price threshold to be cost- effective vs not being 
vaccinated

$680 NA NA

Price threshold to be highly cost- effective vs not being 
vaccinated

$220 NA NA

*For example, the 9- valent vaccine should be priced at $550 for the full doses to be cost- effective when compared with the quadrivalent 
vaccine.
†For example, the 9- valent vaccine should be priced at $435 for the full doses to be highly cost- effective when compared with the 
quadrivalent vaccine.
‡At this price, the 9- valent vaccine is as cost- effective as the quadrivalent vaccine when each of them was compared with not receiving 
vaccination if the price of the 9- valent vaccine is $505 for the full doses. This is equivalent to saying that the cost- effectiveness of the 9- valent 
vaccine vs the quadrivalent vaccine is the same as the cost- effectiveness of the quadrivalent vaccine vs not receiving vaccination. The 
interpretation of the comparison vs the bivalent vaccine is the same.
DALY, disability- adjusted life year; ICER, incremental cost- effectiveness ratio measured as incremental costs per DALY prevented; NA, not 
applicable.

infection when compared with either the quadrivalent or 
the bivalent vaccine, which remained so in all the sensi-
tivity analyses except for using a discount rate of 1%. The 
results suggest that the price of the 9- valent HPV vaccine 
needs to be adjusted downward to provide more value for 
Chinese female recipients. Since the highly cost- effective 
threshold is more stringent, the 9- valent HPV vaccine is 
also not highly cost- effective in China.

The results are important to the extent that the 
marginal health gain of investing in the quadrivalent or 
bivalent vaccine is more than that of the 9- valent vaccine. 
Although the comparison with the bivalent vaccine 
may not be fair given that the bivalent vaccine does not 
protect against warts, the comparison with the quadri-
valent vaccine is not subject to the same limitation. As 
far as cervical cancer is concerned, our results showed 
that the marginal health gain of an extra dollar in the 
healthcare budget to be spent on the 9- valent vaccine 
would be the same as that on the quadrivalent and biva-
lent vaccine if the 9- valent vaccine were to be priced at 
$505 and $370, respectively. In the meantime, a number 
of Chinese- manufactured bivalent and quadrivalent HPV 
vaccines are already in the late stage of clinical trials and 
will likely be marketed at lower prices than the imported 
counterparts. The entrance of these products will further 
neutralise the edge of the 9- valent vaccine over the other 
vaccines in respect to cost- effectiveness. At the current 
price level, clinicians and policymakers are advised to 

educate potential vaccine recipients and keep them 
informed when suggesting vaccination.

The 9- valent HPV vaccine was cost- effective but not 
highly cost- effective for the prevention of cervical cancer 
among 16–26- year- old Chinese girls without prior HPV 
infection when compared with no vaccination. The 
results were robust to changes in important parameters 
except for discount rates and cervical cancer mortality.

While it is both intuitive and theoretically founded to 
compare the 9- valent vaccine only with the quadrivalent 
and the bivalent vaccines, it should be noted that further 
comparing the 9- valent vaccine with no vaccination may 
provide additional insights when the standard of practice 
is absent. Indeed, only comparing the 9- valent vaccine 
with the other HPV vaccines suffices to inform decision- 
making if HPV vaccination is already the standard of 
practice and the decision should pertain to incremental 
cost- effectiveness in relation to the standard of practice. 
While this might be true in high- income countries, it is 
not necessarily the case in China. Most Chinese women, 
regardless of age, have not been inoculated with any HPV 
vaccine. Specifically, the total number of HPV vaccine 
doses released by the National Institutes for Food and 
Drug Control in all batches as of September 2018 was 
merely 6 million,21 indicating the maximum number of 
women in China that would have received at least one 
dose of HPV vaccine. Hence, the scenario that a portion 
of the individuals would only consider either receiving 
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the 9- valent vaccine or not being vaccinated should not 
be ruled out. For these individuals, the comparison of 
the 9- valent vaccine with no vaccination is relevant for 
decision making. As such, we pertain to the comparison 
with the quadrivalent vaccine as the primary analysis but 
also provide exploratory results of comparing with no 
vaccination.

It is important to note that the results of age- related 
sensitivity analyses do not necessarily suggest that vaccina-
tion is more cost- effective at older ages. Smaller ICERs at 
older ages are mainly caused by fewer years of discounting 
the benefits (see online supplementary appendix 5).

The cost- effectiveness profile of the 9- valent vaccine 
based on the present analysis contrasts that in several 
developed countries. A study found that the 9- valent 
vaccine was cost- effective compared with the quadriva-
lent vaccine among 12–26- year- old girls in the USA if the 
additional acquisition costs per dose was no more than 
US$13.3 Their finding was confirmed by another US 
study.6 An Australian study also showed that the 9- valent 
vaccine was a cost- effective alternative to the quadrivalent 
vaccine for 12- year- old girls if the additional costs per 
dose was under AUS$36.7 In Canada, Italy and Spain, the 
corresponding numbers were CAN$24, €16 and €16.8 9 22 
These numbers were generally consistent with the real- 
world price differences in the public sectors of the afore-
mentioned countries.3 8 9 However, the gaps between the 
prices of the 9- valent and quadrivalent vaccines in these 
markets were substantially smaller than that in China, 
which is likely the main reason of the inconsistent cost- 
effectiveness profiles. This highlights the importance of 
adjusting the price of the 9- valent vaccine in China from 
the value perspective.

The current analysis is subject to several limitations. 
First, our analysis did not model catch- up immunisation 
for those individuals who have already had prior infec-
tions.12 It is reasonable to expect that the incremental 
benefit of the 9- valent vaccine is smaller among these indi-
viduals. Second, the analysis only considered the health 
benefits of preventing cervical cancer but not the bene-
fits of preventing genital warts. Taking into account the 
prevention of genital warts will favour the 9- valent vaccine 
over the bivalent vaccine and no vaccination. In addition 
to these limitations, the model was also subject to other 
limitations that do not necessarily undermine the validity 
of the current results. For example, the model does not 
evaluate vaccination combined with cervical screening 
programme or assess herd immunity due to vaccina-
tion.12 To the extent that the concentration of the present 
study is shedding light on the cost- effectiveness profiles 
of vaccines, including screening may obscure the focus 
as well as create confusion in the selection of decision 
perspective. Also, the model is only appropriate to eval-
uate vaccination among 9–13- year- old girls if the popula-
tion outcomes are of interest because some individuals in 
a cohort of older ages may have been previously infected. 
In theory, these limitations do not affect the economic 
evaluation of vaccinating an individual who is known to 

have no previous infection and decides to accept immu-
nisation. Future economic evaluations should examine 
screening and vaccination strategies in which a portion 
of the target population was infected. More, Chinese- 
manufactured vaccines in future may affect the pricing 
of marketed products and the CEA should be updated 
accordingly. Even more, the efficacy of the vaccine was 
assumed to stay fully protective throughout the time 
horizon. This does not necessarily reflect the reality. 
However, the impact of this limitation is unclear since it 
affects both the 9- valent vaccine and the other vaccines.

COnCluSIOnS
In conclusion, the 9- valent HPV vaccine is not cost- effective 
when compared with the quadrivalent vaccine for young 
girls in China who had not been previously infected 
with HPV at its current price. It is also not cost- effective 
when compared with the bivalent vaccine, although it is 
marginally cost- effective yet not highly cost- effective when 
compared with no vaccination. Given these results, poli-
cymakers and clinicians should be conservative to expand 
the use of the 9- valent HPV vaccines in China unless the 
price is reduced. In addition, it is important that the clini-
cians discuss the economic profile of the 9- valent HPV 
vaccine to keep health- seeking individuals informed. 
More, public health professionals should be cautious 
about using the 9- valent vaccine as the primary choice at 
its current price if HPV vaccines are to be provided as 
public goods nationally.
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