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ABSTRACT

Background: The aim of the study was to es-
timate the cost-effectiveness of addition of hu-
man papillomavirus (HPV) vaccination to the Po-
lish cervical cancer prevention programme.

Methods: A cost-utility analysis was conduc-
ted. A lifetime Markov model, adapted to Polish
settings, was used to compare the costs and he-
alth outcomes of the two strategies, i.e. the exi-
sting cervical cancer prevention programme with
or without universal HPV vaccination in girls at
the age of 14.

Results: Assuming that the whole cohort was
vaccinated (100% vaccination coverage), the esti-
mated lifetime risk of developing cervical cancer
would be reduced from 0.95% to 0.23%; therefo-
re, 1311 cases of cervical cancer and 681 deaths
due to cervical cancer would be prevented in a
cohort of 182,000 girls aged 14 years.If the assu-
med vaccination coverage was 24%, the cost of
gaining an additional quality-adjusted life year
(QALY) due to HPV vaccination as an extension of
the cervical cancer prevention programme wo-
uld be PLN 52,737.91/QALY and PLN 76,288.47/
QALY from the public payer’s perspective and
the common perspective of the public payer
and the patient, respectively.This cost effecti-
veness is maintained for different parameter
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assumptions in the sensitivity analysis. Even with
high assumed discount rates for costs and health
outcomes (5% for both), the ICUR value was still
lower than the cost-effectiveness threshold (PLN
105,801 per QALY).

Conclusion: Addition of HPV vaccination to the
cervical cancer prevention programme in Poland
is a highly cost-effective intervention.

INTRODUCTION

Primary cervical cancer constitutes a vast
majority of cases of uterine cancer and devel-
ops over many years from precancerous le-
sions known as cervical intraepithelial neopla-
sia (CIN) [1l. Depending on its histopathological
features, CIN is currently classified into three
cathegories, i.e.CIN1, CIN2, or CIN3. In Poland,
cervical cancer is one of the most common can-
cers in women, and the absolute number of new
cases and deaths due to this neoplasm in 2010
in Poland was 3078 and 1735, respectively; this
was equal to the standardised incidence and
mortality rates of 10.3 and 5.1/100,000 women,
respectively [2I. The epidemiology of CIN in Po-
land is not accurately known. According to the
National Cancer Registry, there were 775 cases of
pre-invasive cervical cancer (currently classified
along with CIN3) in 2010; however, this number is
significantly underestimated because the report-
ing or registering of precancerous lesions is not
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mandatory in Poland. Carcinoma in situ/CIN3 is
much more common than invasive cancer 1. Pap
smears enable early detection and treatment of
precancerous cervical lesions; thus, they consti-
tute the basis of screening programmes aimed
at reduction of the cervical cancer incidence and
mortality rates. However, introduction of an ac-
tive screening programme in Poland in the years
2006/2007 did not result in increased dynamics
of reduction of the cervical cancer incidence and
mortality rates, mainly due to low coverage and
unknown quality of the programme.

A necessary (although not sufficient) aetiolog-
ical factor of cervical cancer is persistent infec-
tion with human papillomavirus (HPV) (. HPV is
classified into high-risk types (hrHPV), i.e. those
with a high carcinogenic potential (14 types: HPV-
16/18/31/33/35/39/45/51/52/56/58/59/66/68)
and low-risk types (IrHPV), e.g.HPV-6 or 11. Cer-
vical cancer develops most commonly as a result
of infection with HPV-16 or 18 which are respon-
sible for more than 70% of all cases of cancer at
that location, and, in addition, for a majority of
high-grade intraepithelial precancerous lesions
of the uterine cervix, vulva, vagina, anus, and
penis [“°. At present, no anti-HPV medications
are available on the market and therefore no
causal treatment aimed at eradication of HPV is
possible.Currently only treatment of histological
abnormalities caused by HPV is possible and is
most commonly based on its removal or destruc-
tion [,

There are two HPV vaccines registered, i.e.
Cervarix® (GSK) and Silgard® (MSD), and HPV
vaccination programmes for women have been
introduced in 19 countries in Europe. In most
of these countries vaccination is completely fi-
nanced from public resources [7]. According to
the Polish Vaccination Programme (PVP) for the
year 2013, HPV vaccination is recommended but
not financed by the Ministry of Health from its
budget (€. In Poland, HPV vaccines are available
on the market to patients but not reimbursed;
they are also available locally in health programs
introduced by regional government entities and
other local authorities.

The aim of this analysis was to evaluate
cost-effectiveness of Cervarix® in Poland if fi-

nanced from public resources and used in pre-
vention of cervical cancer and precancerous
lesions associated with specific carcinogenic
types of human papillomavirus. In this paper the
results of a cost-utility analysis comparing the
costs and outcomes of current practice in pre-
vention of cervical cancer in Poland (i.e. a Pap
smear performed every 3 years in women aged
25-59 years; the “Screening” strategy) with those
of the same practice plus HPV vaccination using
Cervarix® (the “Cervarix + Screening” strategy)
are presented.
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MATERIALS AND METHODS

The costs and outcomes associated with ad-
dition of HPV vaccination to the cervical cancer
prevention programme in Poland were estimated
based on a Markov cohort model developed by
Demarteau et al., widely discussed in the litera-
ture, in which costs and outcomes of an interven-
tion are assessed in a lifetime horizon — Global
Cervarix Model version 12.0 (the model makes
it possible to compare both a strategy including
HPV vaccination vs. no vaccination and vaccina-
tion with Cervarix® vs. vaccination with Silgard®;
therefore, data concerning genital warts were
included in order to make potential comparison
of costs and health outcomes of both registered
vaccines possible) %1011 This model has been
adapted to Polish settings by means of inclusion
of Polish epidemiological and cost data related to
cervical cancer and CIN.

The analysis was performed from the public
payer’s perspective and a common perspective

of the public payer and the patient, assuming
30% patient’s co-payment for the HPV vaccine
and partial coverage of the costs of treatment
of genital warts by the patient (in Poland these
costs are not completely covered by the public
payer). In the base-case scenario, discount rates
of 5% for the costs and 3.5% for health outcomes
were assumed. The incremental cost-utility ratio
(ICUR) was estimatedand cost-effectiveness of
HPV vaccination was evaluated; the threshold
value for one additional quality-adjusted life year
gained was assumed at PLN 105,801, according
to the guidelines of the Agency for Health Tech-
nology Assessment in Poland 122,

The effects of changes in the parameters as-
sumed in the model on the results of the analysis
were assessed using one-way sensitivity analysis
and probabilistic analysis. The following param-
eters were taken into account: vaccination ef-
ficacy, the utilities of specific health states, the
incidence and prevalence rates for specific HPV
types in the population, costs of treatment of

Table 1. Screening efficacy and utility values for specific health states included in the model

CIN1DETECTION RATE

CIN2/CIN3 DETECTION RATE

PROPORTION OF POSITIVE PAP SM EARS

NO HPV INFECTION

HPV INFECTION

GENITAL WARTS

CIN1DETECTED

CIN2/CIN3 DETECTED

CERVICAL CANCER TREATED

CERVICAL CANCER CURED

DEATH
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SCREENING EFFICACY
58% 26
61% 26
5.5% o
UTILITIES (DISUTILITIES)
1 29,31
1 29,31
(0.0180) 35
(0.0128) 29,31
(0.0094) 29,31
(0.2730) 29,31
(0.0620) 29,31
0
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Table 2. Efficacy of HPV vaccination and distribution of specific HPV types in Polish population

DISTRIBUTION OF HPV TYPES EFFICACY OF CERVARIX®
PARAMETER — MEAN (RANGE) — MEAN (RANGE)

CIN1
-HPV 16/18 23.9% (22.9%; 24.9%) (2] 98%[21, 27, 28, 30,33, 34]
- CROSS-PROTECTION 45.6% (39.1%; 51.4%) [24] 48% [29%; 62%) [21, 314
PROPORTION OF POSITIVE PAP SM EARS 6.8% (5.6%; 8.0%) [24] 0%
OVERALL EFFECTIVENESS CIN1 65.2%
GENITAL WARTS (GW)
-HPV 6/11 76.2% [25] 0%
- CROSS-PROTECTION 0%
CIN2/CIN3
-HPV 16/18 53.0% (51.9%; 54.1%) [24] 98% (21, 27, 28, 30, 33,34]
- CROSS-PROTECTION 43.3% (42.2%; 44.1%) [24] 68% (2 23]
OVERALL EFFECTIVENESS CIN2/CIN3 81.4%
CERVICAL CANCER
-HPV 16/18 72.0% (67.5%; 77.1%) [24] §8%(21, 27, 28, 30,33, 34]
- CROSS-PROTECTION 13.4% (5.4%; 26.5%) [24] 68Y% (48Y%; 82%) (21, 23]

OVERALL EFFECTIVENESS CERVICAL CANCER

CIN, genital warts and cervical cancer, and the
participation rate in screening.

Target population

In the model it was assumed that HPV vaccina-
tion would be administered to girls at the age of
14 years.Vaccination using a vaccine against type
16 and 18 human papillomavirus (Cervarix®) is
indicated in individuals aged 9 years or more [13],
Depending on the country, national vaccination
programmes include HPV vaccination in females
aged 9-18 years. The Polish Gynaecological So-
ciety 4l and the Polish Paediatric Society [°]
recommend basic HPV vaccination in girls aged
11-12 years and supplementary vaccination

80.1%

(catch-up programmes) in girls aged 13-18 years,
while the Polish Society of HPV Infections Proph-
ylaxis recommends basic HPV vaccination in girls
aged 12-15 years and supplementary vaccina-
tion in young women aged 16-25/26 years [1°],
HPV infection usually develops as a result of the
first sexual contacts ['7). Based on the results of
a representative study conducted in Poland ¢,
the estimated sexual initiation rate in Polish girls
below 15 years of age is very low. Target vaccina-
tion age of 14 years has been selected in order to
maximize vaccination coverage of the cohort as a
result of co-administration of Cervarix® with the
booster vaccination againstdiphtheria and teta-
nus which, according to the PVP, is obligatory at
this age 8],
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Initial data

The health state utility values implemented
in the economic model and data concerning the
efficacy of cytological screening are presented in
Table 1. Data concerning the efficacy of Cervarix®
taken into account in the economic model were
obtained from the PATRICIA study (in which the
efficacy and safety of Cervarix® administered
according to the 0, 1, 6 months schedule were
compared with those of placebo [1920.21,22,23]) or
assumed based on the opinion of the experts in-
volved in development of the model [°10.11] (Table
2).

The target population size was estimated based
on data published by the Central Statistical Office
of Poland (CSO) and in the model the cohort size
was assumed at 182,000 girls.

In the base-case scenario, taking into account
data obtained from the Ministry of Health’s re-
port on realisation of the National Cancer Control
Programme for the year 2011 and the CSO data
concerning the proportion of women who declare
they had a pap smear performed in the previous 3
years, it was assumed that 49.29% of women took
part in screening (either organised or opportunis-
tic).

In the analysis it was assumed that 24% of the
target population would be actually vaccinated.
Such coverage was observed in 2008 in France,
where 65% of the cost of HPV vaccination is re-
imbursed from public resources [”1. In addition, in
order to evaluate the maximum health outcomes
associated with introduction of HPV vaccination,
a coverage level of 100% was assumed in a sepa-
rate scenario [,

Data used in the model included Polish epide-
miological data concerning overall death rate
(CSO data) and the number of new cases and
deaths due to cervical cancer %! as well as those
concerning the prevalence of specific HPV types
in the population and the HPV infection incidence
rates, obtained from national registries and the
World Health Organization database [2% (Table 2).

Direct medical costs incurred by the patient
(i.e. patient’s co-payment for the HPV vaccine and
costs of pharmacotherapy of genital warts) and
the public payer (i.e. co-financing of HPV vaccina-
tion and the costs of diagnostics and treatment of
CIN and cervical cancer as well as those of surgical
treatment of genital warts) were taken into ac-
count in the analysis. The average costs of diag-
nostics and treatment assumed in the model and
the price of Cervarix® are presented in Table 3.

Table 3.Costs of diagnostics and treatment of specific health states

COST DATA COST [PLN]
REGULAR SCREENING — WOMEN WITH NEGATIVE PAP SMEAR (INCLUDING FALSE NEGATIVE RESULTS) 53.87
MANAGEMENT OF CIN1 ASSOCIATED WITH HRHPV INFECTION FOR ONE YEAR AFTER ITS DETECTION 964.53
FURTHER MANAGEMENT AFTER CIN1 HAS BEEN CURED 53.87
MANAGEMENT OF CIN2 OR CIN3 FOR ONE YEAR AFTER ITS DETECTION 2195.00
FURTHER MANAGEMENT AFTER CIN2 OR CIN3 HAS BEEN CURED 107.74
ANNUAL COST OF TREATMENT OF CERVICAL CANCER 5613.38
TREATMENT OF GENITAL WARTS 281.82
CERVARIX® - VACCINE COST PER INJECTION 393.76
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Figure 1. Incidence of cervical cancer (undiscounted results of modelling)

RESULTS

The results obtained in the model indicate
that addition of HPV vaccination using Cervar-
ix® to prevention of cervical cancer in Poland is
cost-effective. In a lifetime horizon, vaccination
in girls aged 14 years was associated with addi-

Table 4.Results of the economic analysis

tional health outcomes as expressed both in life
years (LY)and quality-adjusted life years (QALY).
Assuming a coverage level of 24%, the individ-
ual incremental value was 0.0036 QALY, which
equals 657 additional QALY in the whole cohort
of 182,000 girls.

CATEGORY CERVARIX® INCREMENTAL
+ SCREENING OUTCOMES

QUALITY-ADJUSTED LIFE YEARS (QALYS)

TOTAL COSTS [PLNI (PUBLIC PAYER AND PATIENT)&

INCLUDING:

- HPV VACCINATION

- TREATMENT OF CIN1

- TREATMENT OF CIN2/CIN3

- TREATMENT OF CERVICAL CANCER

- TREATMENT OF GENITAL WARTS

- SCREENING

TOTAL COSTS [PLN1 (PUBLIC PAYER)&

- PUBLIC PAYER AND PATIENT

26.2836 26.2836 0.0036
409.02 218.56 190.46
497.05 221.54 275.51
283.51 0.00 283.51
24.55 26.48 -1.93
142 8.85 -1.43
26.63 31.65 -5.02
9.79 9.79 0.00
145.15 144.77 0.38

PLN52,737.91

PLN 76,288.47

& - Health outcomes and costs per patient in the modelled cohort (discounted values).
# - The ratio of the difference in costs to the difference of health outcomes of both interventions.
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In comparison with cytological screening alone,
addition of HPV vaccination (Cervarix®) was as-
sociated with increased efficacy with respect to
prevention of CIN1 and CIN2/CIN3 as well as new
cases and deaths due to cervical cancer. When a
coverage level of 100% was assumed, HPV vac-
cination prevented 1311 cases of cervical cancer
and 681 deaths due to cervical cancer (Figure 1)
as well as 33,313 cases of CIN1 and 6791 cases of
CIN2/CIN3 in the cohort’s lifetime. As expected,
the “Cervarix + Screening” strategy did not pre-
vent development of genital warts (Cervarix® is
not indicated in prevention of this condition).

Regardless of the perspective adopted, the
strategy including cytological screening and
HPV vaccination in comparison with the strat-
egy based on cytological screening alone was a
cost-effective intervention (Table 4).

The results of one-way sensitivity analysis and
probabilistic analysis confirmed high cost-ef-
fectiveness of HPV vaccination. In the assumed
ranges of variation of the parameters included
in sensitivity analysis, the results obtained in the
model indicated cost-effectiveness (i.e. the ICUR
value below the cost-effectiveness threshold) of
the “Cervarix + Screening” strategy in compari-
son with the “Screening” strategy in all the ana-
lysed scenarios (data not shown).

CONCLUSIONS

The analysis demonstrated that a strategy as-
suming addition of HPV vaccination using Cervar-
ix® in girls aged 14 years to current cervical can-
cer prevention practice in Poland (i.e. Pap smears
in women aged 25-59 years in a reimbursed
screening programme) is a highly cost-effective
intervention in comparison with current practice.
Cervarix® prevents a higher number of precan-
cerous lesions and cervical cancer cases as well
as deaths due to cervical cancer than screening
alone.

The results of this analysis indicated that, in
comparison with current practice, a strategy in-
cluding vaccination with Cervarix® in a cohort of
girls aged 14 years and assuming a coverage level
of 24% would make it possible to reduce both the
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incidence of cervical cancer and mortality due to
cervical cancer by 16%. If the coverage level was
100%, the “Cervarix + Screening” strategy would
make it possible to reduce both the incidence
and mortality rate by 76%.

The analysis demonstrated that the cost of
additional quality-adjusted life year gained (i.e.
the ICUR value) for addition of HPV vaccination
to the current cervical cancer prevention pro-
gramme versus current practice alone was much
lower than the recommended cost-effectiveness
threshold in Poland (i.e. PLN 105,801 at pres-
ent), regardless of the adopted perspective of
the analysis. Financing of Cervarix® from public
resources would make it possible to reduce the
incidence of cervical intraepithelial neoplasia as
well as the incidence and mortality due to cervi-
cal cancer, which in turn would reduce the costs
associated with treatment of those conditions,
in Poland at present amounting to nearly PLN 70
million annually.

DISCUSSION

Numerous economic analyses conducted in
other countries indicate that HPV vaccination
performed in parallel with cytological screening

constitute an efficacious and cost-effective strat-
37,38,39,40,41,42
egy [ ’ ’ ’ '’ ) J'

The benefits would be highest if all teenage
girls were vaccinated; however, experience
gained in the countries in which vaccination is
partially reimbursed by the public payer indicate
thatitis not possible, at least in the first few years
after introduction of reimbursement, to obtain
such a high vaccination coverage. According to
the opinion of Polish experts, in Poland the ex-
pected coverage rate in girls aged 14 years may
be 10-15% in the first year of reimbursement of
HPV vaccination. In subsequent years the cover-
age level may increase to 25-30% 3],

Evaluation of economic aspects of HPV vac-
cination is relatively difficult. This is due to the
specificity of HPV infection and the fact that its
consequences (especially cancerous lesions) de-
velop even decades after the infection. Epidemi-
ological data concerning HPV infection indicate



Cost-effectiveness analysis of Human Papillomavirus
(HPV) vaccination using Cervarix® as an extension to
the cervical cancer prevention programme in Poland

that most sexually active women and men were,
are, or will be infected with this virus. Introduc-
tion of universal vaccination against HPV, despite
significant expenses in the first stage of a wom-
an’s life, may result in savings due to a lower risk
of CIN and cervical cancer in later stages. Taking
into account that in most cases women are diag-
nosed with cervical cancer at the age of 50-60
years, HPV vaccination may also result in lower
productivity loss.

Primary prevention of cervical cancer with
vaccination may contribute to nearly complete
elimination of the problem of mortality due to
cervical cancer in Poland and therefore limit the
number of orphaned families. Intangible costs
associated with the disease cannot be estimat-
ed; however, epidemiological data, i.e. more
than 3000 new cases and nearly 2000 deaths
each year, demonstrate the scale of the problem
affecting thousands of families and “wiping out”
a population equivalent to a small town every
few years. Therefore, reimbursement of HPV
vaccination may be an important step towards a
change of this situation. ®

Conflict of interests / sources of financing:
MMG, MG, and OP received remuneration
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a HTA report and publications concerning
Cervarix®.
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