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Introduction

To analyze the cost-effectiveness of pneumococcal vaccination in 40- and 6S5-year-old
patients with chronic heart failure (CHF).

Analysis was performed by Markov modeling from the perspective of the healthcare system.
The evaluation was based on Russian epidemiological data taking into account results of
international studies. The analyzed schedule of vaccination included one dose of 13-valent
pneumococcal conjugate vaccine (PCV13) followed by 23-valent polysaccharide vaccine
(PPSV23) after one year and vaccination with only one dose of PCV13. The time horizon
of the study was S years. Costs and life expectancy were discounted at 3.5% per year.

The cost-effectiveness of vaccination for both 65-year-old and 40-year-old CHF patients is
very high: the incremental cost of one additional QALY (Quality-Adjusted Life Year) for
PCV13+PPSV23 vaccination is 113.24 thousand rubles, while vaccination with PCV13
entails a reduction in costs by 5$56.50 rubles per one vaccinated patient. For vaccination of
40-year-old CHF patients with PCV13+PPSV23, the incremental costs per 1 QALY will
be 519.72 thousand rubles, while for vaccination with PCV13 it will be 99.33 thousand
rubles.

Pneumococcal vaccination of CHF patients reduces the associated morbidity and mortality
and is highly cost effective.
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1.22; 95% CI 1.04-1.44; p<0.0S) [7]. The EPOCH-D-

Patients with chronic heart failure (CHF) face
high risk of pneumococcal infection, especially
when the disease is progressing [1-4]. Moreover,
the frequency of rehospitalization in CHF patients
within a year after suffering pneumonia is statistically
significantly higher than in patients who have no history
of pneumonia (odds ratio (OR) 1.9; 95% confidence
interval (CI) 1.1-3.4; p=0.02) [3].

The risk of death also increases significantly in
patients with CHF after experiencing pneumonia [S5,
6]. According to the independent ORACLE-RF register,
the one-year mortality of patients with decompensated
HF and a history of pneumonia increases by 22% (OR
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CHEF trial showed that the 30 day mortality of patients
with decompensated HF increases more than 10-fold
in the case of pneumonia compared to that in patients
without confirmed pneumonia (OR 13.5; 95% CI 3.5-
18.2; p<0.001) [3]. The findings of randomized trials
evaluating the treatment efficacy in CHF patients
PARADIGM-HF and PARAGON-HF showed that
the presence of pneumonia increases total mortality
4-fold (OR 4.34; 95% CI 3.73-5.05 and OR 3.76; 95%
CI 3.09-4.58, respectively) [8].

Vaccination is the main tool for the prevention
of pneumococcal infection [9, 10]. Pneumococcal
reduces the risk of

vaccination  significantly
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cardiovascular death and rehospitalization in patients
at very high risk including those with CHF (OR 0.78;
95% C10.73-0.83) [11, 12]. However, such vaccination
is cost demanding and requires the assessment of its
economic feasibility before expanding the National
Vaccination Schedule.

Objective

Assess the clinical and economic effectiveness of
pneumococcal vaccination in 40- and 65-year old
patients with CHF.

Material and Methods

The analysis was performed using the Markov model,
which is one of the most common methods used to
assess cost effectiveness of medical interventions [13].
The assessment was carried out from the point of view
of the from the health care system perspective.

Incidence of pneumococcal community-
acquired pneumonia (CAP)

Due to organizational and methodological chal-
lenges in acquiring statistical information, which of-
ten significantly reduces reliability of data [14, 15],
the baseline incidence of CAP in 65-year-old patients
corresponded to the mean data of the sample-based
Russian trials (1,295 per 100,000 people in this age
group) [16, 17]. The results of the US epidemiologi-
cal study were taken into consideration, that the inci-
dence of pneumococcal CAP in 65-year old patients
with CHF was 3.8 times higher than in the general
population [18].

Given the percentage of pneumonia of pneumo-
coccal origin equal to 69.7% [1], the baseline in-
cidence of pneumococcal pneumonia in 65-year
old patients with CHF was set to 3,430 cases per
100,000 people.

In accordance with the Russian epidemiological data,
it was assumed that the morbidity was 1.45 times lower
in 40-year old patients than in 65-year old patients [2].
It was also taken into consideration that the incidence
of pneumococcal pneumonia is 5.1 times higher in
40-year old patients with CHF than in the general
population [18]. Thus, the incidence of pneumococcal
pneumonia was 3,175 cases per 100,000 people in
40-year old patients with CHF.

The sensitivity analysis also included variants
with a 2-fold decrease in morbidity compared to
the baseline variant and CAP incidence calculated
based on the official rates in persons over working age
in the Russian Federation for 2011-2019, which was
359.8 per 100,000 people [2].
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CAP hospitalization rate

It was assumed based on the results of expert
assessment that 70% of patients with CAP were to be
hospitalized.

CAP mortality

The Russian epidemiological data showed that
CAP mortality in patients over working age was 7.9%
of the total number of cases in 2011-2019, which is
comparable with foreign data [19, 20].

It was assumed that CAP mortality in 40-year old
patients is 1.2 times lower than in 65-year old patients [2].

The sensitivity analysis also assessed a variant of a 2-fold
decrease in mortality compared to the baseline variant.

Death caused by other causes
Mortality from other causes corresponded to
the Rosstat data [21].

Vaccination regimens

According to the clinical guideline approved by
the Ministry of Health of the Russian Federation, it
was assumed that all patients are vaccinated with
13 valent pneumococcal conjugate vaccine (PCV13),
and 23 valent pneumococcal polysaccharide vaccine
(PPSV23) a year later [22]. The PCV13 vaccination
variant was also evaluated in case of underfunding.

Coverage of pneumococcal serotypes
Serotype coverage in PCV13 and PPSV23 CAP was
45.6% and 58.8%, respectively [23].

Patient quality of life (QoL)

Since there are few Russian studies on QoL, foreign
data were used in the calculation. The baseline QoL of
the patients was set to 0.7542. CAP requiring and not
requiring hospitalization was assumed to reduce life
expectancy by 0.006 QALYs (Quality-Adjusted Life
Years) and 0.004 QALYs, respectively [24].

Time horizon
Time horizon of the study was S years.

Vaccine efficacy against CAP
induced by vaccine serotypes

The efficacy of PCV13 was assumed to be 48.4%
[25]. The efficacy of PPSV23 was set to 20% and 23% in
65-year old and 40-year old patients, respectively [26].

Vaccination costs
Vaccination costs were calculated based of
registered prices VAT included (PCV13-1518.63 RUB,
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BakunHauusa npoTtme

NHEBMOKOKKOBOW MH(eKLNK

KPATKAS1 UHCTPYKLIUA no npumeHeHnto nekapcTBeHHoro npenaparta MPEBEHAP® 13

(BaKLWIHa MHEBMOKOKKOBas nonucaxapuaHas KOHbormpoBaHHas ancopﬁvnpoaauuaa, TpVIHaALl,aTMBaJ'IeHTHaﬂ)

oceate.

OMUCAHUE
TomorenHas cycneHaus Genoro LseTa.

MNOKA3AHUSA Ans NPUMEHEHNA

- MPOUNaKTMKa MHEBMOKOKKOBLIX WHCDEKLT, BKIOYasn WHBa3MBHbIE (B TOM uucne
MEHUHTYT, 6aKTEPUEMUIO, CENCHIC, TAKENbIE NHEBMOHWV) 1 HEMHBA3MBHbIE (BHEBONLHNY-
Hble MHEBMOHUM 1 CPEQHUe OTUTbI) (hopMbl 3a6oneBaHuii, BbisbiBaembix Streptococcus
pneumoniae cepotunos 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F u 23F, ¢ 2 mecsiLes
KU3HI 1 fanee 63 OrpaHyHeHysi Mo BO3PacTy;

- B paMKax HaLMOHaJIbHOTO KarneHaapst MPO(UNaKTU4ECKIX MPUBUBOK;

-y ML, FPYNIN NOBBILIEHHOTO PUCKA Pa3BITIS MHEBMOKOKKOBOM MH(EKLIMM.

BakuyHauva npoBOAUTCS B PamKax HaLMOHANBHOTO KaneHfapst MpOvNaKTUHECKIX
MPUBMBOK COMMACHO YTBEPXAEHHbIM CPOKaM, & TakoKe SIMLiaM rpymin picka no PassuTiio
NHEBMOKOKKOBOIA MH(EKLMM: C UMMYHOREDULIATHBIMIA COCTOSHUAMM, B T.4. BIAY-nHhekuu-
€/i, OHKONOTUYECKIMIA 3a60N1EBAHISMM, MONYHaKOLLMM UMMYHOCYNPECCHBHYHO Tepaniio; ¢
aHATOMVHECKOI/(hYHKLIOHANLHOI aCTINIEHVIEN; C YCTaHOBNIEHHbIM KOX/IEaPHbIM VIMNIAHTOM
VIV NN2HVIPYHOLLMECS Ha 3Ty OMepaLivio; NaLVieHTaM C NOJTEKaHEM CrIHHOMO3TOBO -
KOCTU; C XPOHVHECKVIMIA 3a60N1eBAHIAMI NETKIX, CEPAIEHHO-COCY/VICTON CUCTEMBI, MEHeHN,
roYeK 1 caxapHbIM AvabeToM; 6onbHbIM GPOHXVANBHOI ACTMON; HEAOHOLLEHHBIM JETSM;
JIMLiaM, HAXOAALLYIMCS! B OPraHU30BaHHbIX KOJEKTUBAX (IETCKVE IOMa, MHTEPHATbI, apMeii-
CKMe KONEKTVBbI); PEKOHBANIECLIEHTaM OCTPOTO CPESHEND OTUTA, MEHVIHIUTA, MHEBMOHIM;
ANMTENBHO M 4acTo GOMeloLLyM AETAM; NauyeHTaM, UHAULVPOBAHHbIM MIKOGaKTepueit
TyGepKynesa; Bcem /uLiam cTaplue 50 NeT; TabakoKypUbLLMKaM.

MPOTUBOMOKASAHUSA

— MOBbILEHHAS YyBCTBUTENBHOCTL Ha MpeaLLIecTByloLee BBeaeH e MpeseHap® 13 um
MMpeseHap® (8 TOM Yucnie aHahUNaKTUHECKWI LLOK, TRXENbIE reHepani3oBaHHbie annep-
TI4ecKve peakLv);

— NOBbILIEHHAR YYBCTBUTENLHOCTb K AVGTEPHITHOMY @HaTOKCUHY W/ini BCToMoraTerlb-
HbIM BelLlecTBaM;

~ OCTPble WH(EKLUMOHHbIE UM HENH(EKLMOHHbIE 3a60neBaHus, 0GOCTPEHUS XPOHH-
yeckux 3aboneBaHmit. BakuMHaLVio MPOBOAAT Nocne BbI3OPOBNEHNS WM B MEPUOR,
pemuccun.

CNoCoOB MPUMEHEHWSA 1 AO3bl

Cnioco6 BBegeHus

BakuuHy BBOAST B pa3oBoit 403e 0,5 MN BHYTPUMBILLEYHO. [IeTAM NepBbiX NET XU3HM
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CTapLLe 2-X NeT — B AeNLTOBUAHYIO MbILLLY Nnneya.
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PPSV23-1521.99 RUB). The cost of pre-vaccination
examination was not considered, as it was assumed that
vaccination was performed during a scheduled visit.
Variants with a 15% increase and a 15% decrease in
vaccination costs were evaluated in the sensitivity analysis.

Costs of treatment of pneumococcal infections

The costs of CAP therapy corresponded to
the rates of compulsory medical insurance in St.
Petersburg in 2021 (87,361.4 RUB in CAP requiring
hospitalization, 3,634.9 RUB in CAP not requiring
hospitalization).

Discounting
The costs and life expectancy were discounted by
3.5% per year in the clinical and economic analysis.

Results and Discussion

The study analysis showed that vaccination can
significantly reduce the number of CAP incidence and
mortality (Table 1).

Table 1 shows that PCV13+PPSV23 vaccination
of 100 thousand 65-year old individuals will prevent
3,986 cases of CAP and 315 deaths of CAP over § years.
Vaccination of 100 thousand 40-year old individuals
with PCV13+PPSV23 will prevent 2,461 cases of CAP
and 162 deaths due to CAP.

Vaccination of 100 thousand 65-year old individuals
with PCV13 will prevent 3,559 cases of CAP and
281 deaths due to CAP. Vaccination of 40-year old
individuals with PCV13 will prevent 2,163 cases of
CAP and 142 deaths due to CAP per 100 thousand
people.

The results of evaluation of the clinical and economic
effectiveness are presented in Table 2.

Vaccination of 65-year old patients with CHF
is highly economically effective (additional costs
per 1 QALY for PCVI13+PPSV23 vaccination -
113.24 thousand RUB, and PCV13 vaccination results
in a reduction by 556.50 RUB per vaccinated patient).

Vaccination of 40-year old CHF patients with
PCV13 and PCV13+PPSV23 results in additional costs
of 99.33 thousand RUB and 519.72 thousand RUB per
QALY, respectively. (Table 2).

The calculation per QALY is a universal indicator
suitable for any medical interventions since each affects
either life expectancy or quality of life or both parameters.
There is no officially approved threshold of willingness
to pay per QALY in the Russian Federation. According
to the WHO recommendations, if the additional costs
of a medical intervention per QALY do not exceed GDP
per capita, it can be considered as highly economically
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effective, and the additional costs per QALY not exceeding

3-fold GDP per capita are economically acceptable [27].
However, this value may be relatively overestimated. Thus,
a systematic survey on the estimation of the willingness to

pay per QALY conducted based on data from 17 countries

showed that the mean willingness to pay is within 0.5-
1.5 GDP per capita [28].

Anyway, given the fact that according to the 2021 data,
Russian GDP per capita amounted to 900.1 thousand
RUB, vaccination with PCV13 + PPSV23 as well as
PCV13 in 40- and 65-year-old patients with CHF is
a cost-effective intervention and can be recommended
for common clinical use.

The reliability of the results was evaluated in
the analysis of sensitivity to changes in model
parameters (Table 3).

Table 3 shows that the cost effectiveness ratio is
sensitive to changes in the model parameters such as CAP
incidence and mortality and prices of the vaccines. Of all
the variants analyzed PCV13 vaccination is a highly cost-
effective intervention. PCV13 + PPSV23 vaccination is
also at least economically acceptable in all cases.

Evaluation of the effect on the health system budget
carried out without discounting showed that the cost of
vaccination of 65-year old CHF patients with one dose
of PCV13 will not exceed the reduction in the cost of
CAP treatment in the vaccinated patient group over
the period of S years (i.e., vaccination will not increase
the budget burden), and in case of PCV13+PPSV23
vaccination, the reduction of the CAP treatment cost
in this patient group will be 82% of the vaccination
cost.

In the case of PCV13 and PCV13+PPSV23
vaccination against pneumococcal infection of 40-year
old patients with CHF, the S-year reduction in the cost
of CAP therapy will be 83% and 47 % of the vaccination
cost, respectively.

Conclusion
Vaccination of patients with CHF against
pneumococcal infection reduces the associated

morbidity and mortality and is highly cost-effective.

Conflict of interest

The publication was prepared using materials of a study
supported by OOO Pfizer Innovations. The authors

did not receive financial support from OOO Pfizer
Innovations related with the preparation of this article.
The article reflects the position of the authors, which may
differ from the position of OOO Pfizer Innovations.

The article was received on 12/12/2022

ISSN 0022-9040. Kardiologiia. 2023;63(5). DOI: 10.18087/cardio.2023.5.n2378



§ ORIGINAL ARTICLES

Table 1. Number of cases of pneumococcal community-acquired pneumonia (CAP) and related deaths
in vaccinated and non-vaccinated patients per 100 thousand people (S-year time horizon)

Non- PCV13vacci- PPCV13+PPSV23 PPCV13+PPSV23
. PCV13+ . s s
Parameter vaccinated PCV13 nation versus  vaccination versus vaccination versus
. PPSV23 s I L
patients no vaccination no vaccination PCV13 vaccination
65-year old patients
Community acquired pneumonia 16,198 12,639 12,213 -3559 -3986 -426
Deaths in CAP 1280 999 965 -281 -315 -34
40-year old patients
Community acquired pneumonia 9,822 7659 7361 -2163 -2461 -298
Deaths in CAP 647 504 48S -142 -162 -20

PCV13, 13 valent pneumococcal conjugate vaccine; PPSV23, 23 valent pneumococcal polysaccharide vaccine.

Table 2. Clinical and economic effectiveness of vaccination against pneumococcal infection (baseline version)

PPCV13+
Non- pCvizs  PCVI3vacci plf)sl:/czgii:a PPSV23 vacci-
Parameter vaccinated PCV13 PPSV23 nation versus nation versus no nation versus
patients no vaccination s PCV13 vaccina-
vaccination .
tion
65-year old patients
Life expectancy, years 4.35973 4.36624 4.36702 0.00651 0.00729 0.00078
Life expectancy and quality of life, QALYs 3.27182 3.27703 3.27768 0.00521 0.00586 0.00065
Vaccination costs, RUB 0 1518.63 2987.35 1518.63 2987.35 1468.72
CAP treatment costs, RUB 9441.99 7366.86 7118.31 -2075.13 -2323.68 -248.55
Total direct medical costs, RUB 9441.99 8885.49 10105.66 -556.50 663.67 1220.17
Cost/efficacy, thousand RUB/ Vaccination®
extra QALYs N B - dominates L 1870.50
Cost/efficacy, thousand RUB/ Vaccination®
extra year of life - - N dominates 91.03 1566.15
Cost/eflicacy, thousand RUB/ Vaccination®
prevented death of pneumococcal infection N N N dominates 210.77 3622.52
40-year old patients
Life expectancy, years 4.59904 4.60230 4.60275 0.00326 0.00370 0.00045
Life expectancy and quality of life, QALYs 3.46438 3.46699 3.46737 0.00261 0.00299 0.00038
Vaccination costs, RUB 0 1518.63 2987.35 1518.63 2987.35 1468.72
CAP treatment costs, RUB 5716.65 4457.47 4284.14 -1259.18 -1432.50 -173.32
Total direct medical costs, RUB 5716.65 5976.10 7271.49 259.45 1554.84 1295.39
g{‘;ﬁ;/ aﬁz" thousand RUB/ - - - 99.33 519.72 3412.47
Cost/eﬂicacyf thousand RUB/ _ B _ 79.69 419.82 2892.08
extra year of life
Cost/efficacy, thousand RUB /prevented _ B 5 182.17 959.62 6607.60

death of pneumococcal infection

QALY, quality-adjusted life year; CAP, community acquired pneumonia; PCV13, 13 valent pneumococcal conjugate vaccine; 23VPS, 23 valent
pneumococcal polysaccharide vaccine; * — dominant strategy — medical intervention that reduces costs and improves prognosis versus the
comparison variant.
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Table 3. Clinical and economic effectiveness of vaccination against pneumococcal infection (sensitivity analysis)

Cost/efficacy, thousand RUB/

QALY

Cost/efficacy, thousand RUB/
extra year oflife

Cost/efficacy, thousand RUB/
prevented death of pneumococcal

infection
] PCV13vac- PPCV13+ PPCV13+ PCV13vac- PPCV13+ PPCV13+ PCV13vac- PPCV13+ PPCV13+
Variant cination PPSV23 PPSV23 cination PPSV23 PPSV23 cination PPSV23 PPSV23
versus no vaccination = vaccina- versusno vaccination vaccina- versus no vaccina- vaccina-
vaccination versusno @ tionversus vaccination versusno tionversus vaccination tionversus tion versus
vaccination PCV13vac- vaccination PCV13vac- no vaccina- PCV13 vac-
cination cination tion cination
65-year old patients with CHF
Baseline Vaccnation 13, jggggp  Vaccimation o) g 156615 accination 51400 369952
dominates dominates dominates
Two-fold reduction
. .. 182.56 620.26 4115.60 146.08 498.80 3447.11 336.92 1150.33 7945.77
in CAP incidence
Morbidity
corresponding
to the official rates
inindividuals 62547 141128 768691 = S500.57 113509 643931 115243  2613.17 1482029
over working age
in the Russian
Federationin 2011-
2019.
Two-fold reduction in Vaccination Vaccination Vaccination
CAP mortality versus . - 221.70 3579.60 . - 178.87 3127.03 . o 412.50 7207.96
. . dominates dominates dominates
the baseline variant
Vaccine prices are L. . c .
15%lower thanin  veccination 50 og 153277 | vaccimation g o, 128337  vaccmation o 6 2968.45
. . dominates dominates dominates
the baseline variant
Vaccine prices are L. L c .
15% higher thanin ~ "2ccination g9 69 220823 vacdnation o, o, 184892  vaccimation - yo5 60 4376.59
. . dominates dominates dominates
the baseline variant
40-year old patients with CHF
Baseline 99.33 519.72 3412.47 79.69 419.82 2892.08 182.17 959.62 6607.60
Two-fold reduction
. .. 679.18 1516.24 7276.48 545.01 1225.00 6167.90 1243.52 2794.91 14069.14
in CAP incidence
Calculation of
morbidity based
on the official rates
in individuals over 851.75 1829.78 8561.66 681.47 1473.89 7234.15 1568.107 3391.44 16642.33
working age in the
Russian Federation
in2011-2019.
Two-fold reduction
in CAP mortality 196.73 1031.71 648577  157.55 837.53 $780.35 35947  1910.87  13185.11
versus the baseline
variant
Vaccine prices are
15% lower than in 12.12 369.94 2832.11 9.72 298.83 2400.23 22.23 683.06 5483.85
the baseline variant
Vaccine prices are
15% higher than in 186.53 669.50 3992.83 149.66 540.81 3383.94 342.11 1236.18 7731.36
the baseline variant

QALY, quality-adjusted life year; PCV13, 13 valent pneumococcal conjugate vaccine; 23VPS, 23 valent pneumococcal polysaccharide vaccine;
CAP, community acquired pneumonia; * - dominant strategy — medical intervention that reduces costs and improves prognosis versus

the comparison variant.
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