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COST-EFFECTIVENESS ANALYSIS FOR HPV MITIGATION STRATEGIES IMPLEMENTED
IN 2018 IN THE REPUBLIC OF MOLDOVA BASED ON INFECTIOUS DISEASE
MODELLING

Amnanu3 s5KoHOMUYECKoH 3P PeKTUBHOCTH cTpaTeruii 6opsobl ¢ BITY, peannzoBannbix B 2018 rogy
B PenyGninke MosioBa Ha OCHOBE MaTeMaTU4YeCKOrO MOJIEIMPOBAaHUS NH(EKIIMOHHBIX 3a001eBaHU

Andrzej JARYNOWSKLI', candidate of science
Moldova State University in Kishinev, Republic of Moldova
Interdisciplinary Research Institute in Wroclaw, Poland

Anoxncein APUHOBCKHH, kanouoam nayk
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Mesxcoucyunaunapustii HayuHo-ucciedosamenbckuit uncmumym 6o Bpouynaee, Ilonvwua

Summary Human papillomavirus (HPV), is a sexually transmittable virus infection, which is
necessary risk factor for developing cervical cancer, first killer in working age women in Moldova.
Since 2018 Moldova has modified screening program and vaccination program (mainly externally
funded). To assess the performance of the mitigation policy we propose cost-effectiveness analysis
according to 2 already implemented strategies. (1) Vaccination of a single age-cohort, although
vaccinating a single cohort may not have a substantial effect in other countries with distinct socio-
economic situation. (2) Transition to more technologically advance screening ecosystem (changing
from Romanowski to Pap smear), which might not necessary be cost-efficient in low resource
settings (if GDP per capita will not growth substantially at the same time).

(1)We verified that single cohort vaccination is both cost-beneficial (total costs reduction will
balance intervention costs around the year 2040) and cost-efficient (with incremental impact in 20
vears perspective on the level of 2300 EUR/QALY). Moreover, we found out that single year cohort
is more beneficial than 5-years cohort vaccination scenarios in our mathematical model. This
behaviour could be explained by a transitional situation in Moldova (HPV epidemic is near
outbreak threshold), still small changes of model parameters and initial conditions could cause
strong effect in the epidemiology. However, a definitive answer cannot be given with the chosen
methodology.

(2)Transition between Romanowski -> Pap smear cytology in screening benefits unquestionably in
epidemiology e.g. due to higher specificity. However, further maintenance and higher procedure
costs could exceed treatment costs, hence intervention costs would gather unacceptable share in
whole national limited resources dedicated to public health.

Keywords: computational social science, epidemiology modelling, cost-effectiveness analysis,
HPYV and cervical cancer

AnHoOTanus Bupyc nanuniomul yenosexka, unu BIIY, - nepedasaemas nonogvim nymem uH@exyus
supyca, Komopulil ecmb 0OHUM U3 He0OX00UM (hakmopos pucka 01 passumusl paKa Weuku Mamku
(00un u3 camvlii pacnpocmpaHenHviX MUno8 pakd y HCeHWUH mpyooCnocoOHO20 603paAcma 8
Pecnyonuxe Monoosa)...

Bupyc nanunnomer yenogexa (BII9) — smo supycnaa unghexyus, nepedasaemas noioviM nymem,
ABIAIOWAACA HEOOXO00UMbIM (akmopom pucka paseumus paka weliku mamxu. BITY sensemcs
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nepeoCmeneHHOU NPUYUHOU CMepmu Cpeou HCeHwur mpyoocnocoonozo eospacma 6 Monooge. C
2018 200a Mondosa uzmenuna npoepammy CKpUHUHed U NPOSPAMMY 6AKYUHAYUU (8 OCHOBHOM,
@unancupyemyio u3z GHEWHUX UCMOYHUKOS). [Isi oyenKu dhexmusHocmu norumuKu CMacyeHusl
nocneocmeaul Mol npeonazaem aHaIu3 dIKOHOMU4eckol sggexmusnocmu 6 coomeemcmasuu ¢ 2 yiice
peanuzoganubiMu cmpameeuamu. (1) Baxyunayus oonoti 603pacmuoil epynnvl, Xoms 6aKyUHaAyus
OOHOIL KO2OPMbl MOJCEN He UMemb CYUeCm8enHo20 dghgexma 6 Opy2ux cmpaHax ¢ Omaudiouelcs
coyuanbHo-s3KkoHoMudeckol cumyayuetl. (2) Ilepexo0 k 6onee mexuonocuuecku npPoOGUHYMOLL
cucmeme ckpuHuHea (nepexod om masxka Pomanoeckozo k Ilan-masxy), komopwiii modicem 6Gvimy
Heobs3aMmeNbHbIM C MOYKU 3PEHUs 3ampam 6 YCIO8UAX 02paHuyeHHuIX pecypcog (ecau BBII na
OyuLy Hacenenust He 6yoem 00HOBPEMEHHO CYUeCMBEHHO PACML).

(1) Mol nokasanu, ymo axkyunayus 0OHOU KO2OPMbl 8bl2O0HA C MOYKU 3PEHUSL 3ampam (CHUMNCeHUue
00WuUX 3ampam no38oaum cOAIAHCUPOBAMb PACX00bl Ha npodurakmuxy coe-mo 6 2040 200y) u
apexmuena ¢ mouxku 3peHus 3ampam (¢ OONOTHUMENbHBIM 6030elicmeuem udepez 20 nem Ha
yposue 2300 espo / QALY). bonee moeo, mbl 0OHapYHCUIU, YUMO 8 HAULel MAMEMAMUYECKOU MOOelU
8aKyuHayus 0OUHOYHOU KO2opmul Ooee Nole3Hd, Yem HenpepuleHas eakyunayus. Takoe nosedeHue
Modicem Oblmb 00vACHEHO nepexooHou cumyayuei 8 Mondose (3nudemus BIIY onuska k nopoecy
BCNBIWKU), XOMms HebONbuiue USMEHEHUs Napamempos MOOelu U HA4AIbHbIX YCA08UU MO2YM
okazams cuivHoe enuanue 8 snuoemuono2uu. OOHAKO 0OOHO3HAUHBIN Omeem He Modcem Obimb 0aH ¢
8b10PAHHOU MEMOO0N02UE.

(2) Ilepexoo om maska Pomanosckoco Kk yumonocuueckomy Ilan-masky npu cKpuHuHee,
HEeCOMHEHHO, NoJle3eH 8 INUOEMUOIO2UU, HanpuMep. u3-3a bonee gvlcokou cneyuguunocmu. Tem ne
MeHee, OanvHelluee 00cIyxcusanue u bouee 8blCoKUe 3ampamsl Ha NPoyedypbl MO2YM NPEeblCUMb
3ampamsl Ha JleyeHue, NOIMOMY 3ampamvl HA NPOQUIAKMUKY COCMABUIU Obl HEOONYCMUMO
8bICOKYIO Q00  pacxo0d O2PAHUYEHHBIX HAYUOHANbHLIX pecypcax, NpeoOHA3HAYeHHbIX OJis
00w ecmeenHo2o 30paeooXpaHeHUs.

KiiroueBble €j10Ba: BBIUMCIUTENIBHBIE COLUATIBHBIE HAYKH, JIHJIEMHOJIOTHYECKHE MOJEITNUPOBAHNUE,
aHanu3 s3KoHoMHueckor 3pdexruBroctr, BITY u pak mieiiku MaTku

Introduction

The Republic of Moldova has recently started battle with health problems as sexually
transmittable diseases and cancers, but due to financial crisis, lack of program coordination, partly
because of a lack of experience, has still high morbidity and mortality. From ECDC (European
Centre for Disease Prevention and Control) reports [47] Moldova is a European country with
almost highest cervical cancer risks and classified by WHO in the field of sexually transmitted
diseases at the level of countries of the third world [56]. Additionally, we observed political
transformation and beginning of social norm change in Moldova as increase of sexuality patterns in
number of sexual partners (second demographic transition or post-modernist revolution). We would
like to model multi-faceted transmission of diseases [2] in the context of determining the best
epidemiological control according to budget possibilities. The optimal preventive guidelines are
known: cervical screening practice, teenagers vaccination and sexual education. In developed

countries mitigation strategies are so successful to think even about disease eradication soon [5].
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However, cost-effectiveness of described intervention in resource limited setup is still unknown

with high uncertainty in HPV vaccination, screening, and cancer treatment costs.

This paper describes epidemiological and financing trends on HPV and cervical cancer in
Moldova according to new program launched in 2018. Around 800k EUR in 2017-2018 was spent
on capacity building in new screening technology in cytology and another 600k EUR was spent on
vaccination in 2018/2019. We want decision makers to be informed about proposition of changes to
be made in the allocation of the health resources required to implement optimal (cost/effective)
prevention program. Thus we examine: (1) a single year cohort vaccination scenario to test its
conditional cost-effectiveness (possible sensitivity to sexual partner acquisition rates and country
economic growth) as well as; (2) cytology change from Romanowski to Pap (Papanicolau) smears,

would not necessary be cost-efficient in low resource settings.
Epidemiology and fact sheets

Human papillomavirus, or HPV, is a sexually transmittable virus infection, which is not
only the main, but also necessary risk factor for developing cervical cancer [55]. The time between
getting infected by HPV and developing a cancer can be twenty years or more, therefore a dynamic
model of human behaviour would be very useful, so that simulations can be made and different
scenarios compared. We observe both behavioural change (sexual partner number increases) and
demographical change (population ageing) [53]. Among the oncogenic HPVs, the most severe one
is type 16, present in about half of all cervical cancer cases. We model one HPV strain (16) and
imitate multi-strains environment. Recent studies have shown that the main safety precaution with
respect to cervical cancer is going to be a combination of vaccination and screening - since only
type specific vaccines (as for type 16 and 18 in our study) are available and there are as many as 15

oncogenic high risk HPVs not covered by vaccine used in Moldova.

Deaths due to Cervical Cancer in age cohorts "Newborn" to sexuality in Moldova
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Fig. 1. Selected demographical historical data till 2016 and projection (averaged) till 2030.
Cervical cancer death cases in age cohorts. {left} Number of 15 years old girls entering sexual

maturity age {right}.
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Source: Author’s calculations based on the Institute of Oncology and Statistics Moldova data.

The Republic of Moldova is one of Europe's poorest nations (whenever we use statistics of
Moldova, we mean right Nistru bank only). Total yearly expenditure on health amounts is limited
to just 150EUR per capita and reliable data on cervical cancer is missing. Some official statements
are untrustable due to well known corruption mechanism of reporting "virtual" patients [28]. The
economic situation over the past 2 decades has not allowed for health systems development [57].
Till now some statistics differ significantly dependently of data source. Moreover, public health
system in Moldova had no capacity to couple with official screening program till 2017 (women
>20 y. o. every 2 years), where more than 700k test should be done yearly (in 2014 there were
around 200k unique cytologies and many sites were already overloaded). Demographically,
Republic of Moldova had (in years 1998-2014) a population of 1.4-1.6 millions women ages 15
years and older who are at risk of developing cervical cancer. Sexual active woman cohort (age 15-
64) was in range 1.25-1.35 millions [45]. We observe both behavioural change (sexual partner
increase) and demographical change (population ageing, but still very young), which both
corresponding to second demographic transition since Soviet Union collapse. Last 10 years
estimates indicate that every year 400-550 (approx data) women were diagnosed with cervical
cancer and 145-220 (register data) died from the disease [22]. Estimated societal cost was around
5000 disability-adjusted life years (DALYs) every year (or 3000 QALY quality-adjusted life years)
[10, 50]. Cervical cancer ranks as the 2nd most frequent cancer among women in Republic of
Moldova and the 1st most frequent cancer among women between 15 and 44 years of age with
share of 39% of all kind of working age woman cancer cases [9]. The incidence of cervical cancer,
had increased from 2005 to 2009. Data on the HPV burden is not available, but generalizing old
studies with data from other south-eastern European countries, 15-20 % of women in the general
population have HPV and 80-90% had it in their live [54]. Prevalence of the most oncogenic HPV-

16/18 strains is estimated on 2-5%.

Moldova introduced HPV vaccines in selected subpopulation in 2016 and full coverage of
10 y. o. girls with support from Gavi in 2018 only [Fig. 4]. First national wide suboptimal
screening program was introduced in 2013 and updated in 2016 to optimal age-range in almost
similar schema as we proposed a year before [61]. The majority of cervical cytology was processed

by Romanowski staining technique — standard for the former Soviet Union [52].
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GDP per capita of Moldova in current EUR
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Fig. 2. Moldovan GDP patterns (with unpredictable political and economic situation) and
HPYV intervention costs — the third health expenditure -as % in total health expenses (in
comparison Australian intervention in HPV costs are 8 times higher than Moldovan and the

same time consume 5 times less available resources)

Source: Author’s visualization based on the Statistics Moldova data.

Cost-effectiveness analysis

Let consider more precise monetary and populational effects of intervention used in health
economy [8]. To do so, we introduce quality-adjusted life-year (QALY) - a measure of disease
burden, including both the quality and the quantity of life lived. The QALY is based on the number
of years of life and adjusted to health state (where 1 is a perfect health and 0 is death) that would be
saved by the intervention. QALY indicates in the best way the benefits of intervention, because it is
sensitive to current patient age (literally to current life expectancy). The intervention is highly cost—
effective if its incremental cost per QALY yearly [38] is below GDP per capita of given country
(~2.5k EUR for Moldova) or it could be considered as cost—effective if its below 3*GDP (~7.5k
EUR for Moldova) [58]. In previous papers we showed, that targeted vaccination is cost-effective
(the incremental QALY between targeted and no vaccination is less than 4k EUR per QALY in 40
years perspective, however practical implementation could be very difficult), while screening too
old and too young woman is not cost-effective (the incremental cost per QALY between national
and our scenario was 20k EUR per QALY in 20 years perspective) respectively to Moldova GDP
[61]. It is important to mention, that cervical cancer incidence probably will be decreasing any way

in Moldova - even with no new additional interventions [29]. Moreover, Moldovan cervical cancer
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perspective [Fig. 1, 7] looks much better than in other Eastern and Central European countries [1],
probably due to recent transition of screening guidelines from opportunistic to organized in
beginning from XXI century [12], because of relatively young society and increasing knowledge of

STI (sexual transmittable infections).
Research Questions

Moldova has modified since 2016 screening program [52] almost the same as we
recommended [61] with small difference in maximum age of screening with 61 instead of 65 which
could be an artefact of our age-cohorting schema. Other analytical research approach as PRIME
[32] and OPTIMA [59] have provided sufficient cost — effectiveness analysis of standard
procedures as screening and vaccination, however their universal tools (both of them were built to
be used in many counties) do not fit Moldovan specificity in many details. Big intervention in the
period of 2017-2020 with main objective as reorganization of screening and new vaccination was
externally funded in amount of 1.2M EUR [48]. Ministry of Health declared the will to continue
vaccination program already for years 2019-2025 [60], but we are not sure about real financing this
project (money in amount of 400k EUR are secured for 2019 only [24]). There is also a strong
disbelieve in Moldovan society about vaccinations safety issues [49] with strong anti-vaccination
political fuel [44]. There is still an open question about cost effectiveness of point (single cohort)
vaccinations, because vaccinating single cohort could not have no satisfactory effects for whole
population [39]. The real scenarios assuming vaccinating 10 y.o. girls in 2018 was not implemented
by us, because the first effects would be visible too late for simulation time span. We verify instead
a single year vaccination of 14 y.o. girls in 2018, so we can keep projection of costs, demographics
and epidemiology for next 20 years only. Quadrivalent vaccine (targeting HPV oncogenic strains
16, 18, and also non-oncogenic stains 9 and 11 which cause genital warts) is used in 2018, so we
introduced additionally to previous studies, an effects on genital warts (cost of curing and QALY
losses). Increase in cytology cost was also updated due to change from Romanowski to Pap smear.
Vaccination in a single action a single cohort has not been considered from health economic
perspective for Moldova yet. Moldova case cost-effectiveness analysis is also important to be
disseminated worldwide [13], due to similar externally founded projects in other Low and Middle

Income countries (e.g. GAVI- the Vaccine Alliance).

Research question 1: Testing possible impact of new 'single' 2018 year project funded
mostly by external sources - vaccines for cohort of girls born in 2007 ~600k EUR (400k EUR is a

financial cost for program continuation in 2019 with GAVI substitution):
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- Estimating incremental costs of adding HPV vaccine in single 2018 year to the existing
immunization program (reasonable assumption that Moldova will not continue full coverage

vaccinating because of lack of resources);

- comparing scenarios of “single year vaccination” in full coverage in 2018 against
vaccination of the same amount of girls in the same age but in 5 year time span (20% of each

cohort each year).

Research question 2: Testing best budget possibilities according to national screening
guidelines since 2018 (Romanowski ->Pap cytology change [41]) with capacity building [52] cost
of 800k EUR (also funded mostly by external sources):

- Comparing scenarios of various procedure cost per unit (pessimistic — with
Romanian price in long term, moderate with Russian price [14] in long term, and optimistic — no

significant change).

Model and results of adjusting realistic scenarios

According to provided information, model for Moldova was proposed. It is a set of
deterministic differential equations (implemented in Vensim). Stochasticity [18] was introduced in
sexual partner matching schema. The model has aggregated the most important path of infection
(heterosexual contacts only), cancer development and prevention scenarios (more than 100
equations and 200 parameters). HPV dynamics (Transmission dynamics via sexual contacts)
associated also with the occurrence of cervical cancer (cancer development) was inspired by Polish
model implementation [26]. Mathematical formulation of HPV related issues have been already
carefully analysed, because its epidemiology has been widely described and modelled in recent
years [6, 42]. We have prepared cost-benefit and cost-effectiveness analysis for various vaccination
strategies, various screening programs with control over other preventive programs (using
condoms/sexual education) for Moldova, based on its own demography [46] and sexual behaviour

of heterosexual part of population only [40].
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iw
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Fig. 3. Visualization of this very complicated model in Vensim (Exportable version can
be obtained from Github: https://github.com/ajarynowski/HPV_Moldova — free Vensim

reader is available from www.vensim.com )

Source: Author’s own model available on Github

We used data since 1998 (2002) to 2014 (2017) to adjust model parameters and we project
till our result around 2035 (2038). We use mathematical [19] and sociological concepts [12] within
complex system methodology. Mathematical modelling of infectious diseases transmitted by sexual
contacts (as HPV) is increasingly being used to determine the impact of possible interventions
(there are dozens of such studies in literature [25, 26, 43]. We have used probability of infection per
a new partner as a main transmission driver. The shape of sexual partner distribution [34] was
followed from Finish study [3] and adjusted by scaling to obtain mean partners number in
Moldova. The most unknown demographical parameter is the increase in partner numbers [35].
That increase of partner’ acquisition was introduced as a modifiable variable and tested for few
scenarios [29]. In our model woman are stratified in 5 years cohorts (stocks) starting form 15 y. o.
Effective screening intervals (average interval between smears) were previously implemented as a
variable (more important from cost/effectiveness analysis) describing healthcare system capacity
[29]. Change of screening procedures from opportunistic to regular is also represented in effective
screening frequencies [9] and costs [Fig. 4]. Condom use was also tunable variable, while sexual
education significantly increased in recent few years [35, 51]. Standard model is better described in

extended version of previous report [27], and new functionalities are mentioned directly in this
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paper. Model and its parametrization in Vensim environment is publicly available:

http://github.com/ajarynowski/HPV_Moldova

Intervention vs total costs of HPV 18&16
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Fig. 4. Simplified Moldovan history of pathogenic HPV strains costs. Intervention (int) costs
(sexual education, vaccination, screening) and Total (tot) costs (intervention costs with mainly
cervical cancer treatment as well as other treatment costs of pre-cancer abnormalities, anus

cancer, genital warts)
Source: Authors own projections.

In our calculations we provide economic costs (total expenses), which differ from financial
costs (Moldova Government expenses), because of importance of foreign aids. Intervention costs
(sexual education, vaccination, screening) till 2017 counts as Y4 of treatment costs. In big
investments in Moldovan Cervical Cancer Program in years 2017-2020 intervention costs (funded
by GAVI, World Bank, United Nations Population Fund-UNFPA, Swiss Contribution -SDC,

European Union -UE, etc.) exceeds treatment costs.
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Selected Control Variables
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Fig. S. Selected control variables in model projection ((a) effective infection probability —

condom use, (b) effective screening interval in years, (c) cancer treatment cost in EUR, (d)

sexual partner change rate as multiplicator)

Source: Author’s own assumptions.

Results - Research Question 1) Romanowski->Pap smears

There is only a little difference in epidemiology (specificity) between Romanowski and Pap

smear in specificity [Tab. 1]. Lower specificity of Romanowski can be corrected by repeated Pap

test (mainly with borderline results) [52].

However there is a substantial difference in cost procedure and Pap smear could be 30% to

90% more expensive for a single procedure [Fig. 6], but the same time number of procedures

would decreased by around 10%, because there is no need for repetition any more.

Tab. 1. Characteristics of smears. False Positive rate change-> test repetition (up to 10% due

to unclear result)

Cytology Sensitivity for | Sensitivity for | Specificity for
morphological morphological morphological
abnormalities in HPV | abnormalities in pre- | abnormalities in HPV
positive  stage without | cancer stage with | positive or pre- cancer
mid- and  high-grade | mid- and high- | stage
dysplasia grade dysplasia

(CIN>I)
Pap 60% 90% 98%
Romanowski 60% 90% ~90 %

Source: Author’s own estimates based on [36]

While the rising trend in innovative medical technologies (as Pap smear in this case), the

chances for efficiency gains and costs reductions are usually large. However, new technology-

enabled models of healthcare delivery are not always cost-effective. Capacity building

(transitional) costs in this case were covered by foreign sponsors, but equipment amortization and

staff cost should be sustain by Moldovan themselves. We try to anticipate costs per procedure in
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next 20 years [Fig. 6]. We choose target level of future price from Romania (as a pessimistic
scenario), Russia (moderated scenario) and current price with most likely interest rate (as
optimistic scenario). We assume 15 years amortization period for equipment (characteristic convey
curve shape) [Fig. 6]. Reader must be aware, that currently PCR test together with liquid base Pap
smear is a standard in developed countries, however machine learning development in image

processing for low-cost diagnosis [17] could change whole landscape in next years.

Smear costs per untit test
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Fig. 6. Smear cost per unit for pessimistic (pes), moderate (mode) and optimistic (opt)
scenarios. In transitional time window (2017-2018) cost per procedure (operational cost)
deceased, because capacity building costs ~800k EUR (training old and hiring new staff,

laboratory equipment etc.) includes partially operational costs.
Source: Author's own assumptions.

Let’s consider baseline scenario, for which Moldova will stay in Romanowski regime. If we
assume that drop-out rate at the level of 20% in repetition tests, there will be around 12
QALY/yearly loses more that in Pap scenario in 20 years projection. Around 10 cancer cases and 4
deaths could be averted with the transition to Pap in 20 years perspective. However, cost
comparison is more difficult due to potential instability of Pap procedure price [Fig. 6], so
incremental cost-effectiveness vary from 0 in optimistic to 50k incremental EUR/QALY in

pessimistic scenario.
Results - Research Question 2) ‘Single’ cohort vaccination

First of all, we compare single cohort vaccination against no widespread vaccination at all.
Vaccination is both cost-beneficial (total cost reduction balance intervention cost around year 2040)
and cost-efficient (with incremental impact in 20 years perspective on the level of 2200

EUR/QALY) [Fig. 7].
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Total yearly costs in EUR of cervial cancer with or without single year cohort vaccination Total yearly QALY losts due to HPV related issues with or without single year cohort vaccination
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Fig. 7. Comparison of total costs of HPV related issued (interventions, genital warts and

cancers) {left} and QALY losses {right} with and without vaccination in 2018.
Source: Author's own projections.

Thus we examine such a single year vaccination scenario to show its conditional cost-
effectiveness in comparison with 5-year cohort vaccination scenario. We assume that 15120 girls
has been vaccinated for both single year cohort and 5-year cohort scenarios two years after and

before 2018 [Fig. 8].

Percent of girls vaccinated before reaching 15 y.o. Two scenarious with the same number of vaccinated girls

9

675

coverage

45

0
2002 2005 2008 2011 2014 2017 2020 2023 2026 2029 2032 2035
years

point vace continues vace

Fig. 8. Vaccination coverage of 15120 girls in both scenarios single year/5-years cohort.

Source: Author's own assumptions.
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We found out that difference in number of HPV infections is ~610 and difference in QALY

saved is ~ 80 in favour of single year against 5-years cohort vaccination in next 20 years.

Comparing single year with 5-years cohort in young woman (15-19 y. 0.) we observed the
increase of infection number between single year and 5-years cohort scenarios in first 1-2 years
(because we started 2 years earlier vaccination in 5-years scenario), then around 2019-2022 there is
a significant reduction in infections, and there is no long term difference between scenarios (due to
aging — moving vaccinated girls to older cohorts). In males, first difference between single year and
S-years cohort scenarios appears in next 5-10 years (when vaccinated women their early 20th years

old - the most sexually active period of their life [18]).

Conclusions, Recommendations and Limitation

The optimal preventive guidelines for cervical cancer are known [42]: cervical screening
practice, widespread vaccination and sexual education. However, interventions with the highest
impact and lowest price should be prioritized [33]. In addition, Moldova — lower middle income
country — straggles with challenging demographic processes, like the ageing of the society [15, 21]
and the increase of sexual activity [16] combined with the unstable economic situation [37]. We
suggest (according to our simulation) that the official preventive program for cervical cancer in
Moldova is optimal in terms of costs and medical efficiency in vaccination schema and suboptimal
in screening protocols (optimal in medical efficiency only). We present a simplified representation
of the system with around 200 static parameters and additional 20 time dependent control
parameters — variables (such as condom use, effective screening interval, partner’s acquisition rate,
cancer treatment cost [Fig. 5], etc.,). We consider different scenarios varying the tunable variables
(vaccination coverage type [Fig. 8] and smear cost [Fig. 6]). Exact parametrization of the model
used for this paper can be found in repository (github). However, reader must be aware, that
presented model and parametrization has been chosen according to a heuristic methodology [31].
Although we explored other models and parameters configuration, we cannot claim, that our model
is the only and the best one for targeting research question 1 (vaccination) and 2 (screening). On
the other hand, the main advantage of our model in comparison with well-established modelling
tools already applied to Moldova (developed by WHO — PRIME [32] and sponsored by World
Bank OPTIMA [59]) is its flexibility. In our model, we can test different scenarios (as cohort
vaccination, and smear price dynamics), which is not possible or feasible in PRIME and OPTIMA,

and our findings should be understood as complementary results only.
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The idea of transition from Romanowski to Pap smear cytology (research question 1), is
unquestionable (due to higher specificity of the last). However, further maintenance and higher
procedure costs [Fig. 6] might exceed treatment costs, implying unacceptable share in whole
national limited resources dedicated for public health for intervention costs [Fig. 2, 4]. We found an
interesting paradox, that transition to more technologically advanced health system (changing from
Romanowski to Pap smears), would not necessary be cost-efficient (incremental cost-effectiveness
from 0 to 50 k EUR/QALY) in such low resource settings as in Moldova and unstable GDP growth
perspective. Reader must be aware, that we simplified difference between Romanowski and Pap
smears in procedure cost (trained staff and lab equipment amortization) and specificity (test

repetition in Romanowski method) issue only, even both methods have many variants.

We reopen discussion about vaccination guidelines in low-income countries (as Moldova),
where cost of widespread action could be too high for local governments (research question 2).
Vaccination could be both cost-beneficial (total costs reduction balance intervention costs before
2037) and cost-effective (with incremental impact in 20 years on the level of 2200 EUR/QALY).
Moreover the single cohort (point) vaccination (as it was introduced in Moldova) exceeds the 5
years cohort by approximately 610 less infections and approximately 80 less QALY lost in 20
years’ time horizon. The possible explanation of this nonintuitive behaviour might be because HPV
in Moldova is rather close to epidemic reproduction threshold rate, still small change of model
parameters and initial conditions could cause strong effect in epidemiology. Main effect of
intervention is probably via men, which avoid infection (mainly around year 2025 — the peak of
sexual activity of vaccinated girls) and will not infect other women. The decrease in infection
numbers (and QALY loses in consequence) resulting from the ‘single’ teenage cohort HPV
vaccination in 2018 might provide protective effects in heterosexual men through ‘local’ herd
immunity [11]. This can have an effect probably while changing partners in Moldova is still not as
common as in other countries [7, 23]. However, change in initial conditions and parameter values
could diminish positive effect (e.g. higher partner’s acquisition rate). Another limitation is System
Dynamic approach, so few features as real sexual patterns matching were not implemented. There
1s no distinguish of rural and urban population or any spatial resolution [4] in the model, which
have impact both on partner’s acquisition and vaccine/screening uptake. Phenomenon of single
cohort vaccination cost-effectiveness must be investigated more carefully in different methodology
(as ABM Agent Based Modelling) from presented one (System Dynamics) to understand role of
men in immunisation efficacy for example. Moreover, no proper sensitivity analysis could be
readily performed using the current methodology (limitation of Vensim software) in presented
study, even we have found dependence on changing condition, so only through ABM - obtained

results could be generalized. Another limitation is time horizon for 20 years, which is already too
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far for price/demography/technological assumptions and too short to even test efficiency of
vaccination of cohort of 10 y. o. girls (so we could test vaccinating 14 y. o. instead). We have used
aggregated age cohorting with 5 years window, which on the one hand side is a popular approach
[3, 20] — on the second hand it has significant limitations, so year by year analysis could be more

proper for single year cohort vaccination schema.

We recommend continuation of vaccination which is both financial (with GAVI substitute)
and economic cost-effective. In terms of screening technology transition: there is no way to go
back, however screening costs have to be periodically monitored and national guidelines could be

revisited (if necessary) according to economic situation in Republic of Moldova.
Acknowledgment

AlJ would like to thank to Liana Cernov, Florentin Paladi, Ghennadii Gubceac from Moldova State
University, Vitaly Belik from Free University of Berlin, David Regan, Trevor Dougherty and
Richard Gray from Kirby Institute in Sydney as well as PANTHER project for partial financial
support. Codes are publicly available in a repository:

https://github.com/ajarynowski/HPV_Moldova

References

1. ARBYN, M,, et al. Trends of cervical cancer mortality in the member states of the European Union. European
journal of cancer, 45.15: 2640-2648. 2009

2. ANDERSON, R. M., & MAY, R. M. Infectious Diseases of Humans: Dynamics and Control. Oxford: Oxford
University Press, 1992.

3. BARNABAS, P, et al. Epidemiology of HPV 16 and cervical cancer in Finland and the potential impact of
vaccination: Mathematical modelling analyses. PLoS Med 3(5): e138. 2006

4. BELIK, V., et al. Natural human mobility patterns and spatial spread of infectious diseases. Physical Review
X, 1.1: 011001. 2011

5. BRISSON, M., et al. Population-level impact, herd immunity, and elimination after human papillomavirus
vaccination: a systematic review and meta-analysis of predictions from transmission-dynamic models. The
Lancet Public Health. Nov 1;1(1):e8-17. 2016

6. CANFEL, K., et al. "HPV-FRAME: A consensus statement and quality framework for modelled evaluations of
HPV-related cancer control." Papillomavirus Research, 100184. 2019

7. CDC, Reproductive, Maternal and Child Health in Eastern Europe and Eurasia: A Comparative Report, Center
for Disease Control and Prevention, 2003

8. DAMM, O., HORN, J., MIKOLAJCZYK, RT., et al. Cost-effectiveness of human papillomavirus vaccination
in Germany. Cost Effectiveness and Resource Allocation.15(1):18. 2017

9. DAVIES, P., & VALUTA, D. Capacity Assessment and Recommendations. United Nations, 2014.

10. DAVIES, P, et al. Implementing an organised cervical screening programme in the Republic of Moldova—
stakeholder identification and engagement. Cancer epidemiology, 50: 272-277. 2017

11. DONOVAN, B,, et al. Quadrivalent human papillomavirus vaccination and trends in genital warts in Australia:
analysis of national sentinel surveillance data. The Lancet infectious diseases. 11(1):39-44. 2011

12. DOSEKAN, O. “An overview of the relative risks of different sexual behaviours on HIV transmission”.
Current opinion in HIV and AIDS, 5 (4), 291, 2010

13. EKWUNIFE, OL, et al. Challenges in cost-effectiveness analysis modelling of HPV vaccines in low-and
middle-income countries: A systematic review and practice recommendations. Pharmacoeconomics, 35.1: 65-
82.2017

14. EMC,  https://www.emcmos.ru/clinics/klinika-ginekologii-i-onkoginekologii/ginekologiya [retrieved
03.05.2019]

15. GAGAUZ, O, et al., Population Situation Analysis in the Republic of Moldova. CCD. Chisinau, 2016.


https://www.emcmos.ru/clinics/klinika-ginekologii-i-onkoginekologii/ginekologiya
https://github.com/ajarynowski/HPV_Moldova
https://doi.org/10.1101/19009886
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/19009886.this version posted October 22, 2019. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

16. GAGAUZ, O, PAHONNI, I. YOUTH HEALTH AND HEALTH-RISK BEHAVIOUR, ECONOMIE S§I
SOCIOLOGIE, Revista teoretico-stiintifica, vol. 4, pp. 94-105, 2017

17. GALLAY, C,, et al. Cervical cancer screening in low-resource settings: a smartphone image application as an
alternative to colposcopy. International journal of women's health, 9: 455, 2017

18. GEFFEN, N., SCHOLZ, S. Efficient and Effective Pair-Matching Algorithms for Agent-Based Models. Journal
of Artificial Societies and Social Simulation, 20.4. 2017

19. GRABOWSKI, A., & ROSINSKA, M. “The relationship between human behavior and the process of epidemic
spreading in a real social network”. Eur.Phys.J D 83, 2012.

20. HORN J., DAMM O., et al.. Estimating the long-term effects of HPV vaccination in Germany. Vaccine,
1;31(19):2372-80, 2013

21. HRUSCIOV, E, POPULATION AGEING DETERMINANTS IN THE REPUBLIC OF MOLDOVA AND
SELECTED EUROPEAN COUNTRIES, ECONOMIE SI SOCIOLOGIE, Revista teoretico-stiintifica, vol.
1&2, pp. 148-158, 2017

22. ICO HPV. Human Papillomavirus and Related Cancers, Fact Sheet (R. of Moldova). Barcelona,
2014

23. IDOM, Defending and promoting the rights of persons living with HIV/AIDS, Moldovan Institute
for Human Rights, 2014

24. IPN, In Calendarul National de Vaccinare va fi introdus in nou vaccine
http://ipn.md/ro/societate/94491 [retrieved 03.05.2019]

25. ISINGA, P. Model for assessing HPV vaccination strategies. Emerging Infectious Diseases, 13 (1), 2007

26. JARYNOWSKI, A., & SERAFIMOVIC, A. “Studying Possible Outcomes in a Model of Sexually Transmitted
Virus (HPV) Causing Cervical Cancer for Poland”. Advances in Intelligent Systems and Computing , 129-141,
229,2014

27. JARYNOWSKI, A. HPV and cervical cancer in Moldova, epidemiological model with intervention cost vs
benefit and effectiveness analysis. USM: Kishinev: arXiv:1504.05383, 2015

28. JARYNOWSKI, A. Collapse of cooperation and corruption in a mathematical model within game theory
including Moldovan case study (Homo Sociologicus vs Homo Economicus), MEXJYHAPOJIHAS
HAYUYHAS KOH®EPEHIIUS, mnocesmenHass 20-71€THIO SKOHOMHYECKOro o00pa3oBaHusi B benblikoM
Yuusepcurere «Aneky Pycco» 2015

29. JARYNOWSKI, A., CERNOV, L, Optimal cervical cancer preventing strategies - model for Moldova, 18th
ICID / UMP.315 (extended abstract), 2018

30. JARYNOWSKI, A, Single cohort vaccination can be cost-effective. Paradox in HPV mitigation model for
Moldova. Sexually Transmitted Diseases, Vol 45, Sup 2, p S54, 2018

31. JARYNOWSKI, A., BUDA, A., PARADOWSKI, MB, MODELLING COMMUNITIES AND
POPULATIONS. INTRODUCTION TO COMPUTATIONAL SOCIAL SCIENCE (accepted Methodological
Studies), 2019

32. JIT, M., et al. Cost-effectiveness of female human papillomavirus vaccination in 179 countries: a PRIME
modelling study. The Lancet Global health, 2.7: e406-e414. 2014

33. KASPRZYK, R, et al. “Creative Application to Remedy Epidemics”. Risk Analysis VII and Brownfields V ,
545-562,2010

34. LILJEROS, F,, et al. “The web of human sexual contacts”. Nature, 411 (6840), 907-908, 200.

35. OECD, Youth Well-being Policy Review of Moldova, 2018

36. PATH, Cervical Cancer Screening and Treatment in Low-Resource Settings: Practical Experience From PATH,
2013

37. PISCHINA, T, ECONOMIC GROWTH IN THE REPUBLIC OF MOLDOVA — TODAY’S CHALLENGES
AND OPPORTUNITES, ECONOMIE SI SOCIOLOGIE, Revista teoretico-stiintifica, vol. 3, pp. 54-62, 2016

38. PHELPS, C. Health economics. Routledge, 2016.

39. QIAO, M., et al. “Qualitative analysis of the SICR epidemic model with impulsive vaccinations”.
Mathematical Methods in the Applied Sciences, 695-706, 2013

40. RAHMAN, Q. “Born gay? The psychobiology of human sexual orientation”. Personality and Individual
Differences 34, 1337-1382, 2003

41. REBAR, A.; BOON, G.; NICOLA, D. Cytologic Comparison of Romanowsky Stains and Papanicolaou-type
Stains II. Cytology of Inflammatory and Neoplastic Lesions. Veterinary clinical pathology, 11.2: 16-25. 1982

42. REGAN, D., DONOVAN, B. Balancing the cost-benefit equation for cervical cancer prevention: a moving
target. The Lancet Public Health, 1(2), e42-e43. 2016

43. RYDING, J. Seroepidemiology as basis for design of HPV vaccination program. In Human Papillomavirus
vaccination: Immunological and epidemiological studies. Lund, 2008

44, SPUTNIK, Efecte adverse ale vaccinului anti-HPV https://sputnik.md/analytics/20180417/18586258/vaccin-
gardasil-cervarix-efecte-adverse-HP V-informare-ce-cred-japonezii.html [retrieved 03.05.2019]

45. STATISTICS MOLDOVA. National Bureau of Statistics of the Republic of Moldova, 2014

46. STATISTICS MOLDOVA. National Bureau of Statistics of the Republic of Moldova, 2017

47. ECDC, STI in Europe 1990-2010, 2012



https://sputnik.md/analytics/20180417/18586258/vaccin-gardasil-cervarix-efecte-adverse-HPV-informare-ce-cred-japonezii.html
https://sputnik.md/analytics/20180417/18586258/vaccin-gardasil-cervarix-efecte-adverse-HPV-informare-ce-cred-japonezii.html
https://doi.org/10.1101/19009886
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/19009886.this version posted October 22, 2019. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

48.
49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

It is made available under a CC-BY-NC-ND 4.0 International license .

SDC, Cervical Cancer Prevention Project in the Republic of Moldova, 2017

SDC, Assessment of Knowledge, Attitudes and Practices on Cervical Cancer Prevention in the Republic of
Moldova — KAP Survey, 2019

QUENTUNN, W.,, et al. Economic evaluation of HPV vaccine introduction in the Republic of Moldova,
https://www.mig.tu-berlin.de/fileadmin/a38331600/2017.lectures/Minsk 20170315.wg_Moldova_cost-
effectiveness.pdf , WHO (C4P and Prime), 2017

UNAIDS, REPUBLIC OF MOLDOVA PROGRESS REPORT ON HIV, 2016

UNFPA, Assessment of Cervical Cytology Services in the Republic of Moldova and Recommendations for
their Reorganisation to Comply with International Evidence-Based Standards, 2016

UNFPA, Demography matters: How population dynamics impacts the economy of the Republic of Moldova?
2017

URSU, R, et al. HPV prevalence and type distribution in women with or without cervical lesions in the
Northeast region of Romania. Virology journal, 8.1: 558. 2011

WHO.  Sexually transmitted infections, 2012.  http://www.euro.who.int/en/what-we-do/health-
topics/communicable-diseases/sexually-transmitted-infections/facts-and-figures [retrieved 03.05.2019]

WHO. Sexual and reproductive health, 2012. http://www.euro.who.int/en/what-we-do/health-topics/Life-
stages/sexual-and-reproductive-health/country-work [retrieved 03.05.2019]

WHO. (2014A) Better non-communicable disease outcomes. Copenhagen: Republic of Moldova, Health
Policy Paper Series, 2014.

WHO.(2014B)) Choosing interventions that are cost. Geneva: 2014. http://www.who.int/choice/en/ [retrieved
04.10.2019]

WORLD BANK. Optimizing Investments in Moldova’s HIV Response. World Bank, Washington, DC. 2015,
World Bank. https://openknowledge.worldbank.org/handle/10986/ [retrieved 03.05.2019]

Moit Mup, B Mongose 15 000 neBodek CMOTYT MONYyYUTh OCCIIaTHO BaKIMHY OT BHpYyCa HATMIIIOMBI
YeIIoBeKa, arpenas — UioHb (3) 2017

SpeiHOBCKHMH, A,. OnTHManpHOE CTpaTerMy NPO(WIAKTHKN paka IEeWKH MaTKH - MOJAENb JUisi MOJIOBEI.
Hayunsriit quanor, 1:169, 2015

Date of presentation: 15.10.2019


https://openknowledge.worldbank.org/handle/10986/
http://www.euro.who.int/en/what-we-do/health-topics/Life-stages/sexual-and-reproductive-health/country-work
http://www.euro.who.int/en/what-we-do/health-topics/Life-stages/sexual-and-reproductive-health/country-work
http://www.euro.who.int/en/what-we-do/health-topics/communicable-diseases/sexually-transmitted-infections/facts-and-figures
http://www.euro.who.int/en/what-we-do/health-topics/communicable-diseases/sexually-transmitted-infections/facts-and-figures
https://www.mig.tu-berlin.de/fileadmin/a38331600/2017.lectures/Minsk_20170315.wq_Moldova_cost-effectiveness.pdf
https://www.mig.tu-berlin.de/fileadmin/a38331600/2017.lectures/Minsk_20170315.wq_Moldova_cost-effectiveness.pdf
https://doi.org/10.1101/19009886
http://creativecommons.org/licenses/by-nc-nd/4.0/

