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Abstract. Cervical cancer remains a major public health burden, particularly in low- and middle-income
countries (LMICs), despite being largely preventable through HPV vaccination and cervical screening. This
review synthesizes current evidence on the economic value of HPV prevention strategies, including
vaccination, screening, and combined approaches. Available studies show that the value of HPV vaccination
varies by vaccine type, target population, dose schedule, coverage, and local resource constraints. In general,
routine vaccination of girls remains the most efficient strategy, while single-dose schedules and lower-cost
vaccines may improve affordability and uptake in LMICs. For screening, high-risk HPV testing generally
provides better long-term value than cytology or visual inspection with acetic acid, especially when
combined with self-sampling to improve coverage in underserved populations. Evidence further suggests
that integrated vaccination-plus-screening programs provide the greatest overall benefit by combining
primary and secondary prevention. However, results remain highly context-specific and depend on vaccine
price, screening infrastructure, follow-up capacity, and willingness-to-pay thresholds. More locally
grounded research from LMICs is needed to inform equitable and feasible policies. Overall, effective
cervical cancer prevention requires not only economically sound strategies, but also strong implementation
and health system support.

Health Economic Evaluation can guide the
1 Introduction allocation of resources by weighing the costs and
benefits of all the prevention plans. The economic
analysis of HPV vaccination has been conducted for
some time, but its results are often specific to certain
circumstances and not generalizable. There are still
some shortcomings. First, most studies have focused on
high-income countries and lack data from low- and
middle-income countries where there are differences in
vaccine prices, health-system capacity, etc. A
systematic review of gender-neutralized model for

Cervical cancer remains a pressing public health
challenge despite being largely preventable. In 2020,
about 604,127 new cases and 341,831 deaths occurred
around the world; it was the fourth most frequent cancer
and the fourth main reason for cancer-related death
among women [1,2]. The burden is distributed unevenly,
and about 85 per cent of the cases and deaths occur in
low- and middle-income countries (LMICs); the
mortality rate in LMICs is about 18 times higher than in vaccines found 53 papers, but most of them originated
high-income countries _(HIC_S) [2]. ) ) from high-income countries [5]. For example, the

The. long'tef}n high-risk human papillomavirus incremental cost-effectiveness ratio (ICER) of HPV
(HPV) infection is known to be one of the causes of vaccination in Uganda is 18475 per DALY averted, and
cervical cancer [3]. HPV type 16 and 18 are responsible in Slovakia, it is as high as 183,637 per DALY averted;
for about 70% of the cases, and HPV types 6 and 11 thus, whether a strategy is regarded as cost-effective
account for more than 90% of the genital warts [4]. depends on the local willingness-to-pay threshold [6].
Since more than 80% of sexually active people get HPV Second, comparative evidence of different types of
at some point in life, the period of about 15-20 years vaccines (bivalent, quadrivalent, nonavalent) in various

between infection and cancer is a crucial time for economic conditions is still lacking [7]. Thirdly, some
prevention [4]. In 2020, the World Health Organization recent studies have shown that one dose of the vaccine

publi'shed its Global Strategy for‘ the Elimination of may be more economical [8]. Fourth, more studies are
Cerylcgl Cancer, and by 2030, it set the target of needed to find the best way to integrate vaccination and
achieving the 90-70-90 goals of 90 per cent HPV screening in a single path [9].
vaccination coverage for girls, 70 per cent screening This paper will summarize in brief how to carry out
coverage, and 90 per cent treatment coverage [4]. It is the cost-effectiveness analysis of HPV vaccination.
still difficult to reach the goals, especially in LMICs due Varying by type of vaccine, target group, age and area
to lack of funds, infrastructure and other reasons. this paper will compare vaccination-only, screening-
only and combined methods. Based on the above results,
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it will be decided how to formulate policies and use the
scarce healthcare resources.

2 Conceptual foundation

2.1 HPV infection and cervical cancer
pathogenesis

Human papillomavirus (HPV) is a small, non-enveloped,
double-stranded DNA virus, and among its many
genotypes, only some are oncogenic; the rest are not [4].
The high-risk types are 16, 18, 31, 33, 45, 52 and 58;
they are causal factors of cervical cancer, and the low-
risk types 6 and 11 cause genital warts [3,4]. The main
cause of the cancerous process is the viral oncoproteins
E6 and E7. E6 can enhance the degradation rate of the
tumor suppressor protein p53 and thus promote
apoptosis, and E7 is an inhibitor of the retinoblastoma
protein (pRb) that can disturb cell-cycle control and
promote uncontrolled cell proliferation [3]. As a result
of the above molecular changes and slow genomic
instability, malignant cells have originated from normal
cervical epithelial cells [3].

Most HPV infections (70-90%) are asymptomatic
and will clear on their own in 1-2 years [4]. Prolonged
infection with high-risk strains can cause cervical
intraepithelial neoplasia (CIN), and if it is not treated on
time, it may become invasive cancer. Generally
speaking, the time from the beginning of infection to
invasive carcinoma is about 15-20 years; therefore,
prevention can be initiated now [3,4]. There is a long
delay in symptoms; therefore, timely prevention and
screening should be carried out at that time.

2.2 Current treatment modalities for HPV-
related diseases

Although a drug specifically targeting viruses has not
been developed to treat the disease that has emerged,
there are still treatments for precancerous lesions of the
cervix. Cryotherapy and thermal ablation are simple in
terms of equipment and have a relatively low cost;
therefore, they are suitable for places that do not have
such facilities [4,6]. Methods of excision are used to
remove the abnormal tissue; LEEP (Loop
Electrosurgical Excision Procedure) and cold-knife
conization are two such methods, and then histological
tests are conducted [4,6].

Invasive cervical cancer has different treatments at
different stages. Early-stage disease can be treated by
radical hysterectomy; locally advanced disease is treated
with chemoradiotherapy; metastatic disease is usually
palliative chemotherapy or immunotherapy [3,4]. In
short, although there are effective treatments for
precancerous lesions and invasive cancer, they are very
costly in terms of body and mind. Therefore, the first
line of defense is vaccination, and the second line is
screening [3,4].

23 HPV vaccines: types and current
applications

Six prophylactic HPV vaccines have been approved in
some parts of the world, and all of them are virus-like
particle (VLP) vaccines without viral DNA [4].
Generally speaking, the three kinds of vaccines are
bivalent (HPV 16/18), quadrivalent (HPV 6/11/16/18)
and nonavalent (HPV 6/11/16/18/31/33/45/52/58) [4,
10]. The bivalent vaccine is given with the AS04
adjuvant, and this one can stimulate stronger and longer-
lasting antibody production than that induced by
aluminum hydroxide in the quadrivalent vaccine [10].
The nonavalent vaccine is about 90 per cent effective in
preventing cervical cancer; the other two are the bivalent
and quadrivalent vaccines [4].

Vaccination Schedules vary by age. Individuals aged
9-14 years should be given two doses with at least a 6-
month interval; those aged 15 years and older should
receive three doses [4]. Given that it has the same effect
as other methods to treat persistent HPV 16/18 infection
[4,8], in 2022 the World Health Organization added a
single-dose schedule to the list of off-label uses for
young people aged 9-20 years. According to the results
of the IARC India trial and the Costa Rica Vaccine Trial,
there was no difference in the proportion of HPV 16/18
infections after one dose compared with multiple doses
over a period of up to seven years [8].

There are still many deficiencies in global coverage.
As 0f 2023, only 15% of girls had received vaccinations
by the age of 15, which was far below the World Health
Organization's goal of 90% [5]. Coverage is very low in
LMICs because of financial, infrastructure and socio-
cultural problems [4,5].

3 Methodological framework for

economic evaluation

This section summarizes the analytical approaches, key
metrics, and model parameters used in HPV cost-
effectiveness studies.

3.1 HPV infection and cervical cancer
pathogenesis

Economic evaluations of HPV prevention typically use
three approaches, defined by their outcome measures
(Table 1).

Table 1. Comparison of economic evaluation methods

Common
Outcome Key application
Method measure feature in HPV
research
Natural Comparin;
Cost- units samg " eg
effectiveness (cases Simple, ne-typ
. S, vaccines (e.g.,
analysis averted, intuitive .
. bivalent vs.
(CEA) life-years
. nonavalent)
gained)
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Captures Vaccine efficacy
Cost-utility both Preferred (>95% for HPV
. QALYs or . approach for ) .
analysis DALY mortality most HPV 16/18); duration
(CUA) S and ost 1 of protection (20 Clinical
L evaluations . Low—
morbidity . years to trials,
- Intervention N . moderat
Policy lifetime); implementa .
Cost-benefit . advocacy; coverage rates; | tion studies
analysis Monetary | Determines | less common screening
units [4] net benefit due to sensitivity/specif
(CBA) 2lo e
monetization 1city
challenges Vaccine price
Modeling approaches can be broadly classified into (US$ 5-20 in Local
two types. Static Markov models simulate transitions of LMICs, costing
a cohort across predefined health states (e.g., healthy, Cost I[{JISC$ 1.507250, mn studies, Xf’r}i’
HPV-infected, CIN, cervical cancer, death) with fixed s); screening Gavi, '8
.. babiliti Th ionall tests (US$ 2— WHO
transition  probabilities. ey are computationally 15): treatment
simpler but cannot capture herd immunity. Dynamic costs
transmission models account for disease spread between Discount rate
individuals, allowing estimation of indirect (herd) (3% annually); WHO
effects, and are therefore essential for evaluating . time horizon guidelines
.. L . Economic o Low
gender-neutral vaccination and elimination strategies (lifetime, [3-
[4,5]. typically 100 | 6,8,10,12]
The choice of analytic perspective determines which years)

costs are included. The healthcare system perspective
includes direct medical costs (vaccine procurement,
administration, screening, treatment). The societal
perspective additionally incorporates patient travel costs,
time lost from work, and productivity losses, which are
particularly important in LMICs, where indirect costs
are substantial [3,4].

3.2 Core metrics

Health outcomes are measured using disability-adjusted
life years (DALYs) or quality-adjusted life years
(QALYs), with DALYs more common in WHO and
LMIC-focused analyses [3,11]. Cost-effectiveness is
assessed via the incremental cost-effectiveness ratio
(ICER), compared against willingness-to-pay thresholds
typically set at 1-3 times GDP per capita [4].

3.3 Key model parameters

The validity of economic evaluations depends on four
parameter categories, summarized in Table 2.

Table 2. Key parameter categories for HPV cost-
effectiveness models

Typical Setting
Category Key inputs data variabil
sources ity
HPV incidence
and clearance
rates; CIN
progression/regr | Longitudin
Epidemiolo essip n al cohort High
. probabilities; studies, (by
gical . .
age-specific cancer region)
cancer incidence | registries
and mortality;
all-cause
mortality

Sensitivity analysis addresses parameter uncertainty.
One-way sensitivity analysis examines the effect of
varying individual parameters. Probabilistic sensitivity
analysis assigns probability distributions to all uncertain
parameters and runs thousands of model iterations,
generating confidence intervals around ICER estimates.
This approach is increasingly considered best practice
for HPV economic evaluations [3,4].

4 Economic value of HPV vaccination

HPYV vaccination is widely regarded as one of the most
economically efficient strategies for cervical cancer
prevention, particularly when delivered before sexual
debut. However, its economic value is not uniform
across settings. Vaccine price, target population,
coverage, age at vaccination, dose schedule, and
national income level all influence whether a
vaccination strategy is considered cost-effective.
Because benefits accumulate over decades through
reductions in HPV infection, CIN, and cervical cancer
mortality, most studies evaluate vaccination using long-
term or lifetime models.

4.1 Key model parameters

The three HPV vaccine types differ in antigen coverage
and economic outcomes. Bivalent (HPV 16/18) covers
~70% of cervical cancers. Quadrivalent adds HPV 6/11,
preventing genital warts. Nonavalent extends to nine
types, covering ~90% of cervical cancers [4,10].

The optimal vaccine type varies by setting. In HICs,
nonavalent is more frequently cost-effective because
higher willingness-to-pay thresholds justify its broader
protection [5,7]. In UMICs, the picture is mixed;
bivalent or quadrivalent may offer better value when
budgets are constrained [7]. In LMICs, vaccine price
becomes dominant; lower-cost bivalent vaccines,
including domestic options, may generate greater public
health gains by enabling higher coverage [12].
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4.2 Comparison by target population

Routine vaccination of girls aged 9-14 years is
consistently the most efficient strategy. Vaccination
occurs before HPV exposure, immunogenicity is strong,
and school-based delivery is feasible and low-cost [4,7].

Gender-neutral  vaccination (GNV)-vaccinating
boys in addition to girls-provides direct male protection
and enhances herd immunity. A systematic review of 53
GNV models found that its economic value depends
strongly on female coverage, vaccine price, and
protection duration [S]. GNV is more cost-effective
when female coverage is low to moderate; as female
coverage rises, the incremental benefit of vaccinating
boys declines due to herd effects. In resource-
constrained settings, prioritizing girls remains the most
efficient strategy in resource-constrained settings.
Vaccination before sexual debut (9-14 years) remains
the most cost-effective strategy, while catch-up
vaccination becomes progressively less favorable with
age.

4.3 Single-dose vaccination

In 2022, WHO recognized a single-dose schedule as an
alternative for ages 9-20 years, based on evidence from
the IARC India trial and Costa Rica Vaccine Trial
showing no significant difference in persistent HPV
16/18 prevention compared to multi-dose schedules
[4,8].

Economically, single-dose vaccines have been
relatively low-cost; they have reduced procurement and
logistics expenses, solved the cold chain problem,
improved coverage, are suitable for low- and middle-
income countries (LMICs) with weak follow-up systems,
etc. However, the Length of protection is not fixed. The
Model of Economics is subject to the condition of weak
immunity. If the long-term effects can be verified, then
a single dose will be one of the most economical ways
to expand around the world rapidly.

5 Economic evaluation of cervical
cancer screening

Although HPV vaccination offers major long-term
benefits, cervical cancer screening remains essential.
Adult women in current cohorts were often not
vaccinated before HPV exposure, and vaccines do not
eliminate all oncogenic HPV types. Screening therefore
remains the cornerstone of secondary prevention by
identifying precancerous lesions that can be treated
before progression to invasive cancer.

5.1 Screening modalities comparison

The main cervical cancer screening methods include
visual inspection with acetic acid (VIA), cytology (Pap
smear), high-risk HPV (hrHPV) testing, and simplified
low-cost HPV tests such as careHPV. These modalities
differ substantially in performance and resource
requirements.

VIA is the simplest and least expensive option,
allowing same-day “screen-and-treat” approaches in
low-resource settings. However, its accuracy depends
heavily on provider training. Cytology has high
specificity but requires laboratories and pathologists,
limiting its scalability in LMICs. hrHPV testing has
superior sensitivity and is now WHO’s preferred
primary method, as its high negative predictive value
allows longer screening intervals [3,4]. Due to the lack
of funds, HPV was developed to be relatively low-cost
and showed good results (about 86 per cent sensitivity
and specificity) [6].

5.2 Screening frequency and age range

The Screening Period and Age Group are the Reasons
for Different Costs. Too many screening tests are costly
and may lead to overdiagnosis; too few miss some cases
that need prevention.

WHO recommends starting screening for the general
population at age 30, and based on the type of test, it is
typically every 5-10 years [4]. For women with a
weakened immune system, especially those who have
been infected with HIV, screening should start earlier (at
age 25) and be conducted more often (every 3-5 years)
due to the rapid development of the disease [4]. As the
vaccinated group of people ages, there may be fewer
new HPV cases, so they can delay starting screenings or
reduce the frequency of screening, but some countries
still need to conduct these screenings.

5.3 HPV self-sampling

Self-collection of the HPV test is gradually being used
to cover the uninsured people. To reduce the
embarrassment and inconvenience of women when
being taken to the clinic for sample collection, self-
sampling can be carried out at home.

Evidence from Uganda, Bangladesh and Slovakia
show that the ICER for HPV self-sampling in
underscreened populations is favorable, but the absolute
values are different in different areas [6]. The
Interpretation of the above ICERs will be different based
on the chosen cost-effectiveness threshold. The general
benchmark is the threshold of GDP per capita and
willingness-to-pay (WTP); that is to say, although the
same ICER may be considered cost-effective in one
environment, it will not be in another. Reported ICERs
are I$475/DALY in Uganda, 1$1,698/DALY in
Bangladesh and 1$3,637/DALY in Slovakia. The
economy of self-sampling needs to have a strong system
for the return of results, referrals and treatment. If the
follow-up is not done properly, the expanded screening
will be ineffective. Self-sampling is very convenient for
rural women, low-income groups and the uninsured.

5.4 Key Determinants of Screening Cost-
Effectiveness

Five typical reasons influence the economy of cervical
cancer screening. First, test performance is fundamental.
A High Sensitivity will help find all the diseased
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individuals; However, there will be more false alarms
(low specificity). It is relatively easy to carry out.
Second, coverage is also a problem. Organized
programs with callbacks are better than spontaneous
screenings. Thirdly, there is a serious problem of lack of
follow-up in low- and middle-income countries, so a
screen-and-treat model has been used. Fourth, treatment
availability is necessary; screening will have little
benefit if there is no access to diagnosis and treatment.
Fifth, screening interval: Extend the interval from every
year to every 5-10 years to lower the total cost and still
enjoy most of the health benefits. Besides the results of
a model, it is also necessary to determine if the health
system can practically provide vaccination and follow-
up care.

6 Combined prevention
vaccination and screening

strategies:

6.1 Synergistic effects

Vaccination and cervical cancer screening should be
taken together; one is not a substitute for the other. The
goal of HPV vaccination is to prevent new infections;
among various types, the highly oncogenic HPV 16 and
18 can be proactively reduced to avoid the development
of precancerous lesions and cervical cancer later in life.
Screening can find the early signs of pre-cancerous
lesions or early-stage diseases in women who are
already infected with HPV or have not been vaccinated
prior to HPV exposure. The combination of the two can
prevent it better than either one alone.

The other way is economy. As vaccination reduces
the number of young people with HPV, screening
policies will gradually be altered to start later, increase
the time between screenings, and use targeted methods.
Therefore, the long-term program costs will be lower,
and health will not be lost. At the same time, screening
is still necessary because many adult women in the
current cohort have not been vaccinated, vaccine
coverage is still low in many areas, and available
vaccines do not cover all types of oncogenic HPV.
Therefore, in order to achieve a certain purpose, both

vaccination and screening need to be conducted together.

6.2 Economic value of combined strategies

According to the above data, it is believed that combined
vaccination and screening can be employed to reduce
cervical cancer. In addition to the old methods of
vaccination and screening, a combined program can also
provide some protection against the transmission of
HPV in the future and detect the disease in people who
have been exposed to it earlier.

According to a model study in Guangdong Province,
China, if the strategy of bivalent HPV vaccination is
implemented and a coverage rate of 90% is achieved in
conjunction with expanded cervical cancer screening,
cervical cancer will be eradicated by 2049 [9].
According to the national data in China, with regular
(every 5 years) care and screening, HPV vaccination
will also be an economical way to enhance public health

and will be more affordable for arecas with weak
economic conditions and scarce resources that need
low-cost screening technology. Therefore, it can be
concluded that combined programs can help to better
utilize resources by integrating prevention, early
diagnosis and low cost.

Therefore, in line with the WHO elimination
framework, it is necessary to achieve 90% coverage of
the vaccination program for girls, 70% screening
coverage and 90% treatment coverage [4]. Model
studies have shown that the goals will be achieved and
cervical cancer will no longer be a public health issue in
many countries by 2050-2070. Although the economic
advantages of the combined strategy are still limited by
local factors, such as vaccine prices, choices in
screening tests and services, coverage of the health
system for treatment, etc., all the data so far indicate that
integrated prevention will be more economical in the
long run.

7 Discussion: key determinants,
challenges, and policy Implications

7.1 Synthesis of findings and policy
implications

Based on the above, it is concluded that a single HPV
prevention measure cannot be adopted universally. The
economic value of vaccination and screening depends
on the price of vaccines, coverage rates, types of
screening, service delivery ability and local disease
burden. Therefore, it can be seen why the results differ
among countries and why the results of HICs cannot be
directly applied to LMICs.

Some of the policy messages are consistent in the
studies. First, the chosen vaccine needs to be available
locally. The nonavalent vaccine may have good long-
term effects in high-income countries, and bivalent or
quadrivalent vaccines may be more practical in low- and
middle-income countries if their lower cost can be
afforded for the expansion of coverage. Second, girls'
vaccination is still the foundation of prevention, and
gender-neutral vaccination will be more likely to be
justified after high female coverage. Thirdly, in general,
the value of hrHPV-based screening is higher than that
of VIA and cytology, and self-sampling can be used to
expand the coverage of remote areas. Finally, it is found
that the highest overall results are achieved when
vaccination and screening are done together, rather than
separately.

7.2 Implementation challenges

Although there is some support, it has not been widely
implemented. Vaccine hesitancy, misinformation and
lack of awareness can reduce the participation rate of
teenagers. There are also some problems in the
implementation of the screening program, such as a lack
of trained staff, inadequate laboratory facilities and poor
follow-up of positive test cases.

The other is funding. Although it will be beneficial
for the economy in the long run, the initial investment
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will still be too high for low- and middle-income
countries. Equity will also be the main focus. Rural
areas, the low-income group and women with poor
access to care are often at the bottom of the list for
preventive programs. Therefore, in the future, the
policies will not only focus on the economy but also
need to consider feasibility, the continuity of care, and
fair access.

8 Limitations and future directions

8.1 Limitations of current evidence

This review should be interpreted in light of several
limitations in the existing literature. Most of the
economic studies on HPV prevention are from high-
income countries, and evidence from LMICs is still
relatively scarce. This will reduce generalizability;
vaccine prices, screening facilities, access to treatment
and the disease situation in different places are all
different. Second, the research methods are very
different. The structures of the models, time horizons,
assumptions and evaluation indices are not the same.
Thirdly, many of the analyses are based on estimated or
imported cost parameters rather than local actual data;
thus, the conclusions may not be very accurate in some
countries.

8.2 Future directions

In the future, more weight will be given to context and
practice. More studies need to be conducted in LMICs
to find a way to use local cost data and reasonable
assumptions about coverage, follow-up and treatment
capacity. More studies are needed to be carried out on
single-dose vaccination, long-term protection and the
economic effects of changing the screening for
vaccinated people. In the future, research will need to
give more thought to combined service models that
integrate vaccination, screening and treatment; these
may be more suitable for addressing the problem of
cervical cancer elimination in actual conditions.

9 Conclusion

HPV vaccination and cervical cancer screening remain
the two main pillars of cervical cancer prevention.
Current evidence suggests that their economic value
varies across settings and is shaped by vaccine price,

coverage, screening method, and health system capacity.

In general, vaccination of girls remains the foundation
of primary prevention, hrHPV-based screening offers
clear advantages over older approaches, and combined
vaccination-plus-screening ~ strategies provide the
greatest overall benefit. At the same time, no single
strategy is appropriate for all countries. Policies should
be adapted to local epidemiology, available resources,
and service delivery capacity. More evidence from
LMIC:s is still needed, particularly on locally relevant
costs, implementation barriers, and integrated
prevention models. Overall, progress toward cervical

cancer elimination will depend not only on
economically sound interventions, but also on equitable
and feasible delivery in real-world settings.
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