
 

 

 University of Groningen

Cost-effectiveness analysis of quadrivalent and nonavalent human papillomavirus vaccines in
Ethiopia
Wondimu, Abrham; Postma, Maarten J; van Hulst, Marinus

Published in:
Vaccine

DOI:
10.1016/j.vaccine.2022.02.080

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2022

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Wondimu, A., Postma, M. J., & van Hulst, M. (2022). Cost-effectiveness analysis of quadrivalent and
nonavalent human papillomavirus vaccines in Ethiopia. Vaccine, 40(14), 2161-2167.
https://doi.org/10.1016/j.vaccine.2022.02.080

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

https://doi.org/10.1016/j.vaccine.2022.02.080
https://research.rug.nl/en/publications/231c920b-2c11-4c35-8c9e-794ae09676dd
https://doi.org/10.1016/j.vaccine.2022.02.080


Vaccine 40 (2022) 2161–2167
Contents lists available at ScienceDirect

Vaccine

journal homepage: www.elsevier .com/locate /vacc ine
Cost-effectiveness analysis of quadrivalent and nonavalent human
papillomavirus vaccines in Ethiopia
https://doi.org/10.1016/j.vaccine.2022.02.080
0264-410X/� 2022 Elsevier Ltd. All rights reserved.

Abbreviations: 4vHPV, Quadrivalent human papillomavirus; 9vHPV, Nonavalent
human papillomavirus; CEAC, Cost-effectiveness acceptability curve; GDP, Gross
Domestic Product; HPV, human papillomavirus; ICER, incremental cost-
effectiveness ratio; PSA, probabilistic sensitivity analyses; QALY, Quality-adjusted
life-year; US$, United States dollar; WHO, World Health Organization.
⇑ Corresponding author at: Department of Health Sciences, University Medical

Center Groningen (UMCG), University of Groningen, Groningen, the Netherlands.
E-mail address: leabrham@gmail.com (A. Wondimu).
Abrham Wondimu a,b,⇑, Maarten J. Postma a,c,d,e,f, Marinus van Hulst a,g

aDepartment of Health Sciences, University Medical Center Groningen (UMCG), University of Groningen, Groningen, the Netherlands
bDepartment of Social and Administrative Pharmacy, School of Pharmacy, College of Medicine and Health Sciences, University of Gondar, Gondar, Ethiopia
cDepartment of Economics, Econometrics & Finance, Faculty of Economics & Business, University of Groningen, Groningen, the Netherlands
dUnit of Pharmaco-Therapy, Epidemiology & Economics (PTE2), Department of Pharmacy, University of Groningen, Groningen, the Netherlands
eDepartment of Pharmacology and Therapy, Faculty of Medicine, Universitas Airlangga, Surabaya, Indonesia
fCenter of Excellence in Higher Education for Pharmaceutical Care Innovation, Universitas Padjadjaran, Bandung, Indonesia
gDepartment of Clinical Pharmacy and Toxicology, Martini Hospital, Groningen, the Netherlands

a r t i c l e i n f o
Article history:
Received 23 November 2021
Received in revised form 22 February 2022
Accepted 23 February 2022
Available online 2 March 2022

Keywords:
Cervical cancer
HPV vaccine
Cost-effectiveness
Ethiopia
a b s t r a c t

Background: In Ethiopia, cervical cancer is the second most common cancer among women of the repro-
ductive age group. Since 2018, the quadrivalent human papillomavirus (4vHPV) vaccine targeting four
HPV types (6/11/16/18) has been introduced in the national immunization program in Ethiopia.
Currently, however, a nonavalent HPV (9vHPV) vaccine which provides broader protection against nine
HPV types (6/11/16/18/31/33/45/52/58) is available for global use. Our study, therefore, aims to estimate
the cost-effectiveness of 9vHPV vaccine compared to the current HPV vaccination program in Ethiopia.
Method: A static Markov cohort model was used to simulate the progression of HPV infection to cervical
cancer for a cohort of 12-years-old girls (N = 100,000) in Ethiopia. The model ran up to the age of
100 years, with a cycle length of 1 year. One-way and probabilistic sensitivity analyses were used to
explore the robustness of the model and uncertainties around the parameters included in the model.
Cost-effectiveness thresholds of one and three times gross domestic product (GDP) per quality-
adjusted life-year (QALY) gained were considered.
Results: At a price of US$ 6.9, the incremental cost-effectiveness ratio (ICER) per QALY gained for the
9vHPV vaccine was US$ 454 compared to the 4vHPV vaccine, which is less than one times GDP per capita
of Ethiopia. The ICER was most sensitive to the change in the discount rate of QALYs. Compared to 4vHPV
vaccine, for 9vHPV vaccine to remain very cost-effective and cost-effective, its price per dose should not
exceed US$ 8.4 and US$ 15, respectively, at a threshold of one and three times GDP per capita.
Conclusion: Compared to the 4vHPV vaccine, the 9vHPV vaccine is a cost-effective option in Ethiopia,
given that its price per dose does not exceed US$15.

� 2022 Elsevier Ltd. All rights reserved.
1. Introduction

The Human Papillomavirus (HPV) is the most common cause of
infection of the anogenital tract [1]. Although HPV infections are
primarily temporary and cleared up within a few months of acqui-
sition, some of them may persist and progress to cancer [2]. HPV
infection is linked to almost all cases of cervical cancer [1,3]. Glob-
ally, cervical cancer was ranked as the fourth common cancer
among women and was responsible for the deaths of some
311,000 women in 2018, with the vast majority occurring in less
developed nations [4,5]. In Ethiopia, cervical cancer was the 2nd
most common cancer in women aged 15 to 44 years. In 2018,
about 6,294 new cervical cancer cases were diagnosed in Ethiopia,
and 4,884 women died from the disease [6].

There are currently three HPV vaccines available on the market:
a bivalent HPV (2vHPV) vaccine, a quadrivalent HPV (4vHPV) vac-
cine, and a nonavalent HPV (9vHPV) vaccine. Both 4vHPV vaccine
additionally protects against non-oncogenic HPV types 6 and/11
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[7,8]. Both 2vHPV and 4vHPV vaccines demonstrated cross-
protection against other non-vaccine oncogenic HPV types [9–
11]. However, a result from a recent systematic review showed
that the cross-protection provided by the 2vHPV and 4vHPV vacci-
nes was inconsistent across non-vaccine HPV types, and its long-
term durability has not yet been established [12]. Compared to
the 4vHPV vaccine, the 9vHPV vaccine provides protection against
additional high-oncogenic HPV types 31/33/45/52/58. With five
HPV types, the 9vHPV vaccine can prevent approximately 90% of
cervical cancers [13].

In Ethiopia, an HPV vaccination program of two-dose 4vHPV
vaccine for girls at the age of 14 has already been implemented
since 2018 [14]. As evidenced by various epidemiological studies
in Ethiopia, however, other high-oncogenic HPV types
(31/33/45/52/58) that the 4vHPV vaccine cannot sufficiently pro-
tected have also been frequently detected in individuals with cer-
vical cancer [15–17]. In Ethiopia, the combined prevalence of these
other high-oncogenic HPV types is about 28.2 % [18]. Hence,
switching from the 4vHPV vaccine to the 9vHPV vaccine will pro-
vide Ethiopia additional health and economic benefit. Notably, the
present study aimed to evaluate the cost-effectiveness of introduc-
ing a 9vHPV vaccine compared to the 4vHPV vaccine for the pre-
vention of cervical cancer among 12-year-old girls in Ethiopia
where cervical cancer imposes a heavy health and economic bur-
den on women of reproductive age. Additionally, our study sought
to determine the maximum price per dose for the 9vHPV vaccine to
remain cost-effective in comparison to the 4vHPV vaccine.
2. Methods

2.1. Model structure

A previously published Markov cohort model, adapted to reflect
the setting in Ethiopia, was used in our analysis [19]. The model
includes three mutually exclusive health states: susceptible, cervi-
cal cancer, and death (Fig. 1). Using this model, we analyzed a
cohort of 100,000 girls aged 12 years. This group of girls was sup-
posed to be not exposed to HPV. The cohort was followed up to the
age of 100 years.
2.2. Input data

The parameters used in the current study are shown in Table 1.
The efficacy data for the 4vHPV and 9vHPV vaccines were derived
from clinical trial data and weighted by the proportion of cervical
cancer attributed to various HPV strains among Ethiopian women
[18,20,21]. Lifelong protection from HPV vaccination was assumed
in our study. The incidence and mortality data for cervical cancer in
Ethiopia was derived from the GLOBOCAN report [6]. Age-specific
all-cause mortality among women was obtained from the World
Health Organization (WHO) life table for Ethiopia [22]. The cost
for treating cervical cancer was obtained from a previous cost-
effectiveness analysis [23]. Gavi, the vaccine alliance, prices were
used for the vaccines and school-based vaccine delivery cost was
Cervical cancer Susceptible  

Death 

Fig. 1. Schematic representation of the Markov model.
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adopted from an earlier study [24,25]. All cost estimates were
inflated to 2019 values [26].
2.3. Outcomes

The primary outcome measure used in this study was incre-
mental cost-effectiveness ratio (ICER) of vaccination with the
9vHPV vaccine among 12 years old girls, compared with the 4vHPV
vaccine. We also assessed the impacts of the 9vHPV vaccine prices
per dose on the ICER values. An ICER that falls below once times
the gross domestic product (GDP) per capita is considered very
cost-effective, while if the ICER falls between one and three times
GDP per capita, it is considered cost-effective. However, when it is
more than three times GDP per capita, it is assumed to be cost-
ineffective according to WHO’s cost-effectiveness threshold
[31,32]. The number of cervical cancer cases avoided and life-
years saved were also reported. The analysis was done from the
perspective of the healthcare system. Both the costs and health
outcomes were discounted at the rate of 3%. Discount rates of 0
and 6% were used in the sensitivity analysis.
2.4. Sensitivity analyses

To test parameter uncertainty and assess the robustness of the
results, both univariate and probabilistic sensitivity analyses (PSA)
were performed, with the distributions used in the PSA as listed in
Table 1.
3. Results

3.1. Public health impact of HPV vaccine

The public health impact of HPV vaccines in terms of cervical
cancer incidence and life-years saved at vaccination coverage of
53.2% are shown in Fig. 2. The model estimated that the 4vHPV
vaccine and 9vHPV vaccine would prevent 519 and 793 cervical
cancer cases by vaccinating 100,000 girls at the age of 12, respec-
tively, when compared with the absence of HPV vaccination. Sim-
ilarly, 80 (4vHPV vaccine) and 121 (9vHPV vaccine) discounted
life-years would be saved in this population. Fig. 3 shows cervical
cancer cases prevented at different vaccination coverage. The
results show that when vaccine coverage increased from about
50% to more than 90%, the number of cervical cancers prevented
increased by about 70%.
3.2. Cost-effectiveness analysis

Table 2 shows the results of a cost-effectiveness analysis. Com-
pared with the 4vHPV vaccine, 419 quality-adjusted life-years
(QALYs) would be gained with the 9vHPV vaccine at an incremen-
tal cost of US$ 189,984. This resulted in an ICER of US$ 454 per
QALY gained. Fig. 4 depicts the effect of 9vHPV vaccine price per
dose on the ICER. Fig. 4 shows that the 9vHPV vaccine is very
cost-effective up to US$ 8.4 per dose and will be cost-effective up
to US$ 15 per dose, using one- and three-times GDP per capita as
cost-effectiveness thresholds, respectively, as recommended by
the WHO.
3.3. Univariate sensitivity analyses

Results from univariate sensitivity analysis are presented in
Fig. 5. As displayed in the tornado diagrams, the ICER is mainly sen-
sitive to the discount rate for QALYs.



Table 1
Model impute parameters, inclusive ranges for the univariate sensitivity analysis and distributions for the probabilistic analysis.

Parameter Base-casevalue Range Distribution
(alpha, beta)

Source

The proportion of HPV 16/18 in CC 0.536 0.493 – 0.578 Beta (286, 248) [18]
The proportion of other HrHPV in CC (31/33/45/52/58) 0.282 0.244 – 0.320 Beta (150.6, 383.4) [18]
Vaccine efficacy in HPV 16/18 (4vHPV and 9vHPV vaccines) 0.975 0.926 – 0.995 Beta (121.2, 3.1) [20,21]y

9vHPV vaccine efficacy in other HrHPV (31/33/45/52/58) 0.975 – [20,21]�

Vaccine coverage 0.532 0.201 – 0.957 Beta (1066.1, 937.9) [27]
Cancer treatment Cost $825.98 619.48 – 1032.47 Gamma (1, 825.98) [23]
4vHPV vaccine price per dose $4.50 – [28]
9vHPV vaccine price per dose $6.90* 5.18 – 8.63 [29]
Vaccine delivery cost $4.62 3.47 – 5.78 Gamma (1, 4.62) [25]
Utilities
Susceptible 1
Cancer 0.68 0.48 – 0.84 Beta-PERT (3.2, 2.8) [30]
Death 0
Discounting
Discount rate cost 0.03 0 – 0.06
Discount rate utility 0.03 0 – 0.06

HPV: Human papillomavirus; CC: Cervical cancer; HrHPV: High-risk human papillomavirus; 4vHPV vaccine: quadrivalent human papillomavirus vaccine; 9vHPV vaccine:
nonavalent human papillomavirus vaccine. * A projected price to be paid by Gavi. y Both vaccines were presumed to be equally effective against HPV type 16/18. � The efficacy
of 9vHPV vaccine against HPV types 31/33/45/52/58 was assumed to be the same as that against HPV types 16/18.
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Fig. 2. Estimated cases averted and discounted life-years saved by HPV vaccines (N = 100,000; HPV. human papillomavirus; 9vHPV vaccine. nonavalent human
papillomavirus vaccine; 4vHPV vaccine: quadrivalent human papillomavirus vaccine).
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3.4. Cost-effectiveness acceptability curve

The result from probabilistic sensitivity analysis is displayed in
Fig. 6 as a cost-effectiveness acceptability curve (CEAC). The CEAC
shows that at a threshold of $856 per QALY gained (equivalent to
one GDP per capita of Ethiopia), the 9vHPV vaccine is cost-
effective at a probability of about 91%. The probability of being
cost-effective reached 100% when the threshold increased to 3-
times GDP per capita (US$ 2567 per QALY gained).
4. Discussion

In this study, the impact and cost-effectiveness of the 9vHPV
vaccine compared to the 4vHPV vaccine was assessed in the Ethio-
pian setting. According to our findings, switching from the 4vHPV
vaccine to the 9vHPV vaccine will provide an additional health
benefit in terms of both cervical cancer cases avoided and life-
2163
years saved per vaccinated cohort of 12-year-old girls. This is of
great importance for Ethiopia, Africa’s second-most populous
country, where the cohort of 12-year-old girls was estimated to
be 1, 338, 291 (in 2018) and cervical cancer is the second leading
cause of cancer mortality among women [6,33]. The higher benefit
from the 9vHPV vaccine than the 4vHPV vaccine observed in our
study was because the former also protects cervical cancer from
an additional five HPV subtypes (31/33/45/52/58), which were also
identified as being responsible for a significant proportion of cervi-
cal cancer in Ethiopia [18]. In addition to maximizing the impact,
switching from the 4vHPV vaccine to the 9vHPV vaccine will sup-
port WHO’s cervical cancer elimination target, which calls for cer-
vical cancer incidence to be reduced to less than 4 cases per
100,000 women in every country [34,35].

Not surprisingly, our study also suggests that the benefit from
the HPV vaccine in Ethiopia can be maximized by increasing the
vaccine uptake rate. As evidenced in other developing countries,
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Fig. 3. Cervical cases prevented at different HPV vaccine coverage rates (N = 100,000; HPV: human papillomavirus; 9vHPV vaccine: nonavalent human papillomavirus
vaccine; 4vHPV vaccine: quadrivalent human papillomavirus vaccine).

Table 2
Results of cost-effectiveness of analysis.

Intervention Cost (US
$)

Effect
(QALY)

D Cost
(US$)

D Effect
(QALY)

ICER
(US$/
QALY)

4vHPV vaccine 1,295,065 2,631,913 Reference Reference
9vHPV vaccine The World Health Organization. Global strategy to accelerate the elimination of cervical

cancer as a public health problem. Geneva: World Health Organization: 2020.
1,485,049 2,632,332 189,984 419 454

ICER: Incremental cost-effectiveness ratio; QALY: Quality-adjusted life year; 9vHPV vaccine: nonavalent human papillomavirus vaccine; 4vHPV vaccine: Quadrivalent human
papillomavirus vaccine; US$: United States dollar
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the burden associated with cervical cancer in Ethiopia could be sig-
nificantly reduced by building public awareness about HPV immu-
nization and improving HPV vaccine uptake. For instance, Rwanda,
a low-income country in Africa, has reached 90% of HPV vaccine
uptake as a result of population-based policy interventions [36].
High vaccination coverage will ensure immunization equity and
allow all vulnerable and at-risk populations to benefit from the
HPV vaccine. According to a previous study conducted in Ethiopia,
the poorest wealth quintile would receive roughly one-third of the
health benefits and 50% of the financial risk protection benefits
from HPV vaccination [37].

The current study showed that switching from the 4vHPV vac-
cine to the 9vHPV vaccine would be very cost-effective in Ethiopia
and the result was insensitive to changes in most parameters,
showing the robustness of the conclusion. However, despite
remaining below the threshold, the ICER was most influenced by
the change in discount rates for QALYs. This is because the discount
rate reduces the benefit of the HPV vaccine, as the benefit occurs
many years after vaccination. The United Kingdom Joint Commit-
tee on Vaccination and Immunization recommended a non-
reference-case discount rate of 1.5% instead of the usually applied
3.5% in the United Kingdom (UK) when the benefit of intervention
is sustained over a long period (at least 30 years) [38]. The PSA also
demonstrated that when compared to 4vHPV vaccine, 9vHPV vac-
cine has a higher chance of being cost-effective (greater than90%).

The results from the present analysis showed that the 9vHPV
vaccine would be very cost-effective up to a price of about US$
8.4 per dose and cost-effective up to a price of US$ 15 per dose,
according to WHO criteria of cost-effectiveness. The results could
contribute to future price negotiations between Gavi and vaccine
manufacturers. Despite the differences in the type of model
employed, several previous economic evaluation studies confirmed
the cost-effectiveness of the 9vHPV vaccine when compared to
4vHPV vaccine. The price at which the 9vHPV vaccine is cost-
2165
effective varies across the countries [2,39-41]. However, a Chinese
study found that the 9vHPV vaccine was not a cost-effective
option. The authors hypothesized that the relatively higher price
difference between the 9vHPV and 4vHPV vaccines in China was
primarily responsible for inconsistent results [42].

Although this analysis concludes that the 9vHPV vaccine would
be (very) cost-effective compared to the current 4vHPV vaccine,
the decision to switch to the 9vHPV vaccine would be associated
with significant budget impact in Ethiopia, where the national
domestic general government health expenditure amounts to only
0.77% of the GDP [43]. Hence, the affordability and sustainability of
the vaccination program through self-financing seems debatable.
Therefore, as the 9vHPV vaccine is not yet included in the Gavi sup-
port list for low-income countries, the country could seek support
from other potential international partners to switch from 4vHPV
vaccine based universal vaccination to 9vHPV vaccine based uni-
versal vaccination.

The current study is subject to some caveats. First, the cohort
model used in our research will underestimate the impact of the
HPV vaccine as it fails to capture the indirect benefits of vaccina-
tion gained from herd immunity. Besides, the current analysis also
disregards the effect of HPV vaccines on the genital wart and non-
cervical cancers, including vulvar, anal, oropharyngeal, and vaginal
cancers. Therefore, this will further underestimate the potential
benefit of the vaccines.
5. Conclusions

Compared to Ethiopia’s current vaccination program with the
4vHPV vaccine, the 9vHPV vaccine has the potential to provide sig-
nificant additional public health benefits. By switching to the
9vHPV vaccine, 274 additional cervical cancer cases will be
avoided, and 42 life years will be gained per 100,000 vaccinated
girls in Ethiopia. The 9vHPV vaccine is also (very) cost-effective



Fig. 6. Cost-effectiveness acceptability curves comparing 4vHPV and 9vHPV (9vHPV: nonavalent human papillomavirus vaccine; 4vHPV: quadrivalent human papillomavirus
vaccine; QALY: quality-adjusted life year).
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when compared with the 4vHPV vaccine. The 9vHPV vaccine
remains cost-effective up to a price of US$ 15 per dose.
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