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Abstract

Background: Streptococcus pneumoniae can cause inva-
sive pneumococcal diseases (IPD), pneumonia and acute
otitis media (AOM), a common childhood infection that
may require antibiotics. There were 3,236 IPD cases de-
tected in Poland between 2006-2016, with incidence
peaks among infants and the elderly. The case-fatality
rate in 2016 was 6.7% among infants and 49.3% among
the elderly. Since 2009, two infant pneumococcal conju-
gate vaccines are available in Poland (the pneumococcal
non-typeable Haemophilus influenzae protein D conju-
gate vaccine [PHiD-CV], and the 13-valent pneumococcal
conjugate vaccine [PCV-13]). The objective of this study
was to assess the cost-effectiveness of routine PHiD-CV
versus no vaccination and versus PCV-13.

Methods: A previously published Markov cohort model
was adapted for Poland to compare PHiD-CV to no vac-
cination and PCV-13 from the public payer perspective,
regarding lifetime direct costs and quality-adjusted life
years (QALYs) associated with morbidity and mortality
due to IPD, pneumonia and AOM. PHiD-CV and PCV-13
were assumed to have the same efficacy for their ten com-
mon vaccine serotypes, and PHiD-CV was assumed to
have conservative cross-protection effectiveness against
serotypes 6A and 19A, and to be more protective against
AOM due to its effectiveness against non-typeable Hae-
mophilus influenzae. Scenario analyses assessed out-
comes when vaccine price parity was assumed, when the
effectiveness of PHiD-CV against serotype 19A IPD was
omitted or increased, and, when the effectiveness of PCV-
13 against serotype 3 IPD was varied.

Results: PHID-CV was a cost-effective option versus no
vaccination, with a cost per QALY gained of Polish zloty
(PLN) 94,933 (below the threshold for cost-effectiveness
of PLN 134,514). Both vaccines had comparable health
outcomes regarding IPD and pneumonia, while PHiD-

CV achieved better health outcomes against AOM. PHiD-
CV was the dominant strategy for Poland versus PCV-13
(resulting in a gain of 170 QALYs at a direct cost-saving
of PLN 61.1 million). In scenario and sensitivity analyses,
PHiD-CV remained the dominant strategy versus PCV-13.

Conclusions: The introduction of PHiD-CV in the Pol-
ish national immunization programme is likely to reduce
the disease burden due to IPD, pneumonia and AOM.
It is a cost-effective strategy (versus no vaccination) and
a cost-saving strategy (versus PCV-13) for the healthcare

payer.

Introduction

Pneumococcal disease is an infection caused by the Strep-
tococcus pneumoniae (S. pneumoniae) bacterium. There
are currently over 90 serotypes (STs) recognized world-
wide, 15 of which cause the majority of disease.”! The
burden of disease is important, as infection is a leading
cause of life-threatening invasive pneumococcal disease
(IPD) which mainly includes meningitis and bacterae-
mia, as well as non-invasive illness such as pneumonia
and acute otitis media (AOM).” In Poland, between 2010
and 2016, the National Reference Center for Diagnosis of
Central Nervous System Infections (KOROUN) detected
3,447 IPD cases. There were significant differences be-
tween provinces and between the analyzed periods in the
same provinces. Data reported suggested underreporting
and the differences among provinces most likely reflect
inconsistence medical practices i.e., low number of blood
cultures and serotyping test performed. In 2016, the high-
est incidence rates of 4.76 and 5.43 per 100,000 people in
Poland were observed in those aged over 65 years and un-
der two years, respectively. The IPD case fatality rate was
49.3% (over 65-year-olds), 38.4% (45-64-year-olds), 33.3%
(25-44 and 5-9-year-olds), and 6.7% in children under
two years.”’ AOM is a very common childhood disease
typically treated with antibiotics, with 60-70% of clinical
cases caused by bacteria.! A meta-analysis reports that
on average 35.9% of AOM episodes are caused by S. pneu-
moniae and 32.3% by non-typeable Haemophilus influ-
enzae (NTHi).!

Vaccination in infants is an effective means of preventing
diseases, not only in vaccinated but even in unvaccinated
infants and in older age groups due to herd immunity./*'"’
Moreover, it plays an important role given increased an-
timicrobial resistance among some pneumococci.' "
A recent Polish study found antibiotic resistance in chil-
dren with AOM was an important cause of treatment
failure.”” Pneumococcal conjugate vaccines are recom-
mended by the World Health Organization (WHO)"! for
routine immunisation of infants and in many countries
introduced in their National Immunization Programme
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(NIP). There are two licensed conjugate vaccines available
in Poland: the pneumococcal non-typeable Haemophilus
influenzae protein D conjugate vaccine (PHiD-CV; Syn-
florix, GSK), and the 13-valent pneumococcal conjugate
vaccine (PCV-13; Prevenarl3, Pfizer). Since 2017, PHiD-
CV is administered as part of the NIP for all healthy in-
fants, in a 2+1 schedule given at two, four and 13 months
of age. The vaccine is intended to protect against all spec-
trum of pneumococcal disease i.e., IPD, pneumonia and
AOM. Both vaccines can be used for risk groups in a 3+1
schedule."” While the vaccine STs contained in the two
vaccines differ to some extent i.e., number of STs, carrier
protein, thereisevidence of protection exerted from PHiD-
CV against cross-related STs. Recently, WHO’s global
systematic review"”! on the impact of PHiD-CV and
PCV-13, and 2 other industry-independent studies, con-
cluded that at this stage, there is no evidence of difference
on the net impact on pneumococcal diseases despite the
difference of composition between the two vaccines."*"’!
Regardless of the vaccine used and of local epidemiology,
countries which have implemented a childhood pneu-
mococcal immunization program with a high coverage,
observed a significant reduction in the burden of IPD in
children.”"

The objective of this study was to assess the cost-effec-
tiveness of introducing a routine infant vaccination pro-
gramme against pneumococcal disease in Poland. Two
analyses were performed: comparing PHiD-CV to no
vaccination, and, comparing PHiD-CV to PCV-13.

Materials and Methods

2.1. Model and population

A previously published Markov cohort model™! was
adapted for Poland to assess the cost-effectiveness of in-
troducing routine infant vaccination against pneumo-
coccal disease, from the public payer perspective. Vacci-
nation with PHiD-CV was compared to no vaccination
and to vaccination with PCV-13.

The model is an age-compartmental, deterministic, stat-
ic cohort model that assesses the health and economic
impact of IPD caused by S. pneumoniae (i.e., meningi-
tis and bacteraemia), all-cause pneumonia, and AOM
caused by S. pneumoniae and NTHi, in a birth cohort
over lifetime, using monthly cycles. Fig. 1 shows the flow
diagram of the model.””
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Circle boxes represent mutually-exclusive health states.
Dashed rectangles (sequelae and deaths) and natural
deaths in susceptible individuals show the populations
removed from the model. Age-specific incidence was ap-
plied monthly to the susceptible population. Costs and
benefits were calculated monthly and aggregated over the
cohort’s lifetime. Non-consulting AOM were included in
the quality of life impact calculation. Redrawn from Del-
gleize et al.”?’ AOM: acute otitis media; Sp: Streptococcus
pneumoniae; TPP: tympanostomy tube placement.

A Polish birth cohort of 373,527 babies”” was modelled;
during each model cycle, the probability of an individual
entering a specific health state was governed by age-spe-
cific incidence rates and applicable vaccine efficacy (VE)
levels. Infants received, in the vaccine arms, two primary
doses of one of the vaccines, at two and four months old,
with a booster dose at 13 months old."***! Age-specific
overall monthly mortality rates for the general popula-
tion were obtained from Polish life expectancy tables.*”!
Age-specific disease incidence and disease progression
were represented by health states (i.e., disease with or
without general practitioner (GP) visits, hospitalisation,
complications, long-term sequelae or death), linked to
resource utilisation (e.g., hospitalisation, GP visits, and
specific interventions such as myringotomies for AOM),
resulting in direct costs and quality-adjusted life years
(QALYs) over lifetime.

In the model, lifetime direct costs and QALYs associat-
ed with morbidity and mortality due to IPD, pneumonia
and AOM were compared for PHiD-CV versus no vac-
cination and PHiD-CV versus PCV-13. The incremental
cost per QALY gained or incremental cost-effectiveness
ratio (ICER), expressed as Polish zloty (PLN)/QALY, was
calculated for both comparisons.
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2.2. Comparators and vaccine effectiveness assump-
tions

The model compared vaccination with PHiD-CV versus
no vaccination and versus vaccination with PCV-13. A
2+1 regimen as previously described was used for both
vaccines.

The vaccines have never been compared directly in tri-
als. As they contain different STs, vaccine effectiveness
against IPD, pneumonia and AOM were based on ST-spe-
cific efficacy from clinical trials (Table 1). Both vaccines
directly protect against disease caused by 10 common STs
1,4,5, 6B, 7F, 9V, 14, 18C, 19F and 23F. In addition, PCV-

13 directly protects against STs 6A, 19A and 3,/** while
PHiD-CV, which includes STs 6B and 19F, has shown ev-
idence of cross-protection against 19A" and a decrease
of 6A in real-world evaluations after its introduction.”
Cross-protection occurs when a vaccine demonstrates ef-
fectiveness against STs not included in the vaccine. and
19A.% Cross-protection occurs when a vaccine demon-
strates effectiveness against STs not included in the vac-
cine.

Eight of ten STs of PHiD-CV are conjugated to a protein
D from NTHi, eliciting robust immune responses."””
Higher serum antibody levels to protein D have been

P ' D
IPD
Ten common STs folrSZHlD—CV and PCV- 94.7 (87.0; 99.9) 94.7 (87.0; 99.9) (30]
ST 3 0.0 26.0 (-69.0; 68.0)b (32.34]
ST 6A 76.0 (39.0; 90.0) 94.7 (87.0; 99.9) 130,361
ST 19A 62.0 (20.0; 85.0)c 94.7 (87.0; 99.9) 30,39]
Pneumonia
% reduction in hospitalisations 21.8 (7.7; 33.7) 21.8 (7.7; 33.7) 13l
% reduction in GP visits 8.7 (3.8;13.4) 8.7 (3.8;13.4) 13l
Outpatient AOM
Ten common STs folr;;HlD—CV and PCV- 69.9 (29.8; 87.1) 69.9 (29.8; 87.1) 43)
NVTs -33.0 (-80.0; 1.0) -33.0 (-80.0; 1.0) 144]
ST 6A 63.7 (-13.9; 88.4) 69.9 (29.8; 87.1) [43.45]
PCV-13 same as 6A for PHiD-
ST 6C 0.0 63.7 (-13.9; 88.4) P
ST 19A 45.8d (model calculation) 69.9 (29.8; 87.1) 143]
NTHi 21.5 (-43.4; 57.0) -11.0 (-34.0; 8.0) [43.44]

Inpatient AOM

% reduction in TTP (AOM hospitalisation)
e

21.2 (model calculation)

12.7 (model calculation) 148,50]

AOM: Acute otitis media; GP: General Practitioner; IPD: Invasive pneumococcal disease; NVTs: non-vaccine serotypes; PCV-7: 7-valent pneumococ-
cal conjugate vaccine; PCV-13: 13-valent pneumococcal conjugate vaccine; PHiD-CV: Pneumococcal non-typeable Haemophilus influenzae protein D
conjugate vaccine; NTHi: Non-typeable Haemophilus influenzae; ST: Serotype; TTP: Tympanostomy tube placement; VE: Vaccine effectiveness.

a PHiD-CV and PCV-13 assumed to have the same ST efficacy for the ten common STs
as the average VE of PCV-7 vaccine STs (94.7% for IPD and 69.9% for AOM).

b For ST 3, 26% VE was used for PCV-13 in the base case based on Andrews et al. (26%, 95% CI: -69; 68, not signiﬁcant)m]
and 0%°* and 79.5% %! in scenario analyses.
¢ For ST 19A, 62% VE was used for PHiD-CV [39] in the base case and 0% (assume no protection)m] and 82.2% (95%CI: 10.7; 96.4)1%¢)
in scenario analyses
d PHiD-CV efficacy was estimated by taking the ratio of the vaccines’ efficacy against IPD ST 19A;

e Extrapolated VE estimates were well in agreement with findings of the FinIP study

[29]
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found to be associated with reduced risk of future AOM. "
Efficacy against NTHi caused IPD was omitted in this
analysis for both vaccines. Vaccine efficacy was assumed
to increase with the number of doses (i.e., 50% efficacy
with dose one, 90% with dose two and 100% with dose
three),”**l and to wane exponentially from three until ten
years of age.

The model assumed 97% coverage for both vaccines, as
they will be co-administered with other vaccines in the
NIP that have reported coverage no less than 97% (data
from 2012-2013).5"

2.3. Effectiveness against IPD

PHiD-CV and PCV-13 were assumed to have the same VE
(94.7%, [95% confidence interval (CI): 87.0; 99.9]) for the
ten common STs, calculated as the average efficacy of STs
contained in the predecessor of PCV-13, i.e. the 7- valent
pneumococcal conjugate vaccine (PCV-7).F” PHiD-CV
was assumed to have no efficacy against ST3, while PCV-
13 was assumed to have 26% VE (95%ClI: -69; 68).°? Even
not being significant, this assumption was made as this
value was previously used in health technology assess-
ment and tender discussions with the government. Many
post-marketing surveillance studies”** have shown no
consistent impact of PCV-13 on ST 3 IPD, with most stud-
ies showing no impact or lack of effectiveness against ST
3 IPD."™ As diverse vaccine effectiveness can be found in
literature, the impact of 0% and 79.5% (95%CI: 30.3; 94.8)
VE against ST 3 IPD (i.e., the highest published™) was
tested in scenario analyses.

Since PHiD-CV was shown to elicit a similar antibody
response to PCV-7 against ST 6A, a cross-protection ef-
fectiveness of 76% (95%CI: 39.0; 90.0) was assumed in
the model.®® PHiD-CV was shown to elicit a stronger re-
sponse against ST 19A than PCV-7.5¢%] Recent large ef-
fectiveness studies observed a clear cross-protective effect
against ST 19A ranging from 62% (95%CI: 20; 85) to 82%
(95%CI: 10.7; 96.4).57*) This prompted many countries to
update the Summary of Product Characteristics (SmPC)
to include protection against 19A.°7*"'Therefore, the base
case analysis assumed a conservative cross-protection ef-
fectiveness against ST 19A (62%)"” which was left out (0%)
and increased to 82% in the scenario analyses.”*

VE against STs 6A and 19A IPD was assumed to equal the
other STs in PCV-13 (94.7%, 95%CI: 87.0; 99.9).

Indirect or herd protection resulting from continual vac-
cination of sequential birth cohorts was taken into ac-
count for IPD only (we conservatively assumed no herd
protection for pneumonia and AOM). Serotype replace-
ment offsets the incremental effect of indirect protection
resulting in a net indirect effect. In the model, indirect
protection adjusted for the opposing impact of serotype

replacement was applied as a fixed effect to the residual
disease incidence. This net indirect effect was estimated
at 30%, removing the necessity to account separately for
the effect of serotype replacement.""*?) All efficacy esti-
mates and the net indirect effect applied in the model are
in line with Tregnaghi et al.”*) and were validated by a
panel of experts (GSK PHiD-CV Health Economics Advi-
sory Board. Leuven, Belgium, September, 2013)."’!

2.4. Effectiveness against pneumonia

Both vaccines were assumed to have the same effective-
ness in reducing GP visits (by 8.7%) and hospitalisation
(by 21.8%) due to S. pneumoniae.

2.5. Effectiveness against AOM

Efficacy against AOM was modelled against S. pneumoni-
ae vaccine STs (VT) and against non-vaccine STs (NVTs),
as efficacy data by ST or by dose were not available. Vac-
cine effectiveness against the ten common pneumococcal
vaccine STs was assumed to be the same for both vaccines,
based on the COMPAS study for PHiD-CV; i.e., 69.9%
(95%CI: 29.8; 87.1).1*) As STs 6A and 19A are included in
PCV-13, VE of PCV-13 against STs 6A and 19A AOM were
also assumed to be 69.9%, based on the COMPAS study
findings for vaccine types included in PHiD-CV. Effec-
tiveness against NVTs was also assumed to be the same
for both vaccines, based on PCV-7 data (FinOM study);
i.e., -33% (95%CI: -80.0; 1.0)."" Negative numbers indi-
cate ST or pathogen replacement, despite no replacement
being observed for PHiD-CV in the COMPAS study.™’
Effectiveness of PHiD-CV was 63.7% (95%CI: -13.9; 88.4)*!
against ST 6A, 0% against ST 6C, and, 45.8% against ST
19A (estimated by taking the ratio of the vaccines’ efficacy
against ST 19A IPD). Effectiveness of PCV-13 against ST
6C was assumed to be 63.7% (based on same effectiveness
used for PHiD-CV against ST 6A).

Efficacy was also modelled against NTHi. Conservative-
ly, PHiD-CV was assumed to have an efficacy against
NTHi caused AOM of 21.5% (95%CI: -43.5; 57.0)M%
versus -11.0% (95%CI: -34.0; 8.0) for PCV-13, based on
FinOM study for PCV-7.1**/ NTHi efficacy was includ-
ed in the overall reduction of AOM-related GP visits and
myringotomy procedures. The latest was used as proxy
for inpatient AOM estimated to be 21.2% with PHiD-
CV and 12.7% with PCV-13. With PCV-7, Black and col-
leagues (2000)""” observed a reduction in ventilatory tube
placement (tympanostomy tube placement, TTP) of 20.1%
(95%CI: 1.5; 35.2%) and a reduction in AOM episodes of
7.0% (95%CI: 4.1; 9.7%). The VE of PCV-7 against TTP
was found, based on the FinOM"* and Kaiser Permanen-
tel** studies, to depend on the incidence of TTP, assum-
ing an inverted exponential relationship. According to
the Polish incidence of TTP, VE for PCV-7 was estimat-
ed using this exponential relationship, and extrapolated
to PHiD-CV a ratio of the modelled overall VE against



Table 2. Resource use, costs and utilities: inputs and assumptions

Value Source and assumptions
Pneumococcal meningitis
Annual hospitalisation rate 100% Assumption
Pneumococcal bacteraemia
Annual hospitalisation rate 100% Assumption
Annual GP visit rate 0% Assumption
All-cause pneumonia
Annual hospitalisation rate per 100,000
0-4y 1,364.2
5-74y 81.5 Based on 13356
75-90+y 846.4
Annual GP visit rate per 100,000
<ly 675.7
-4y L0923 53, expert opinion
5-74y 244.6
75+y 2,539.3
AOM
Annual GP visit rate per 100,000
<ly 16,701.6
1-4y 25,789.4
2%y 19:209.9 (541, expert opinion
10-14y 5,610.5
15-19y 1,686.5
20+y 1,090.1
TTP procedures per 100,000
<ly 8,748.4
1-4y 4,640.6
12'?‘};}’ tﬁz;z (541, expert opinion
15-19y 303.5
20+y 196.1
Costs (PLN, 2016)
Vaccine cost per dose 1?(5)()(}2?&1\)/:?3\;) Public vaccine prices**%*!
Cost per acute episode <16y >=16y
Meningitis - first year 4,841.12 5,402.66
Bacteraemia - hospitalised 5,961.41 3,669.14
Pneumonia - hospitalised 3,244.65 3,244.65 Nati 57] o
Preumonia - outpatient 82.50 82.50 ational health fund"™’’, expert opinion
AOM hospitalised myringotomy 1,242.33 1,242.33
AOM GP consultations 51.96 51.96
Annual cost long-term sequelae
Meningitisa 690.69 Nati 57] .
Bacteraemia 690.69 ational health fund"™’’, expert opinion
Utilities - normative population values
<24y 0.941
25-34y 0.939
35-44y 0.929 61]
45-54y 0.900
55-64y 0.894
=65y 0.798
Disutilities (95%CI)
Short-term disutilities per episode
Inpatient meningitis 0,0232 (0,0099; 0,0419) [62]
Inpatient/outpatient bacteraemia 0,0079 (0,0030; 0,0150) (62]
Inpatient pneumonia 0,0080 (0,0031; 0,0151) Assumed same as inpatient bacteraemia
Outpatient pneumonia 0,0060 (0,0015; 0,0134) 162]
Outpatient AOM 0.005 (0.004;0.006) (63]
Inpatient TTP/myringotomy 0.005 (0.004;0.006) Assumed same as AOM
Long term disutilities per year
Neurologic sequelae (meningitis) 0,4000 (0,3200; 0,4800) [64]
Hearing loss (meningitis) 0,2000 (0,1800; 0,2200) [64.65) 3ssumes cochlear implant
Hearing loss (AOM) 0,0900 (0,0720; 0,1080) [66] assumes no cochlear implant
AOM: Acute otitis media; CI: confidence interval; GP: general practitioner; PLN: Polish zloty; TTP: Tympanostomy tube placement; y: year
a Estimate cost as weighted average from hearing loss (690.69 PLN) and neurological sequelae (690.69 PLN) according prevalence of both sequelae due to
Sp. Meningitis.
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AOM of PHiD-CV (23.8%) over PCV-13 (14.3%), i.e 1.7.
The FinIP® and POET"" study estimates are in line with
this extrapolation.

2.6. Health outcomes, resources, costs and utilities
Health and economic benefits that could be achieved
through vaccination with either PHiD-CV or PCV-13
were a reduction in cases, sequelae, resource use, health-
care costs, and, a gain in QALYs.

The age-specific population data, incidence and deaths
related to IPD, pneumonia and AOM, as well as disease
management (e.g. rates of GP visits and hospitalisa-
tions) were specific to Poland from available evidence
and expert opinion (Table 2).%°%¢ (See Online Resource
1 for epidemiology inputs). The ST distribution in IPD
in Poland from 2006 to 2016 was estimated from recent
national laboratory surveillance reports.****%! (See On-
line Resource 2).

Data from the National Health Fund”” and expert opin-
ion were used to estimate the average cost of an acute ep-
isode of meningitis, bacteraemia, pneumonia and AOM,
and annual costs for the management of sequelae (e.g.,
hearing loss or neurological) for the reference year 2016.
The base case analyses used the published vaccine pric-
es!**¥ of PHiD-CV (PLN 100) and PCV-13 (PLN 150),
while in a scenario analysis, price parity between the
vaccines was assumed (i.e., PLN 125: average of PHiD-
CV and PCV-13 published prices). The cost-effectiveness
threshold of PLN 134,514/QALY was defined as 3x Gross
Domestic Product (GDP)/capita according to the Polish
Agency for Health Technology Assessment and Tariff Sys-
tem’ (based on PLN 44,838 per capita for 2013-2015). [*"]

Normative population utilities by age group were based
on data from Poland.”” Disease specific disutility data
from Poland were not available. Therefore, values from
the United Kingdom (UK) were used and applied for an
inpatient or outpatient episode of meningitis, bacterae-
mia, pneumonia or AOM, and, for their long-term se-
quelae assumed to persist over the individual’s remaining
lifetime.

2.7. Currency, price date, and discounting

All costs are in PLN and were updated to 2016 values.
Costs and QALYs were discounted at 5.0% and 3.5% per
annum, respectively, as per Polish health technology as-
sessment (HTA) guidelines./*”!

2.8. Sensitivity and scenario analyses

2.8.1. One-way sensitivity analyses

The impact of any important model input on the outcome
was evaluated in a one-way sensitivity analysis, whereby
key model inputs (e.g., epidemiology, resource use, costs
and disutility inputs) were varied one by one, using the

lower and upper limits of their 95% confidence interval
or in some cases, a range based on plus or minus 20%. A
tornado diagram presents the most important impacts on
the ICER.

2.8.2. Probabilistic sensitivity analysis

A probabilistic sensitivity analysis (PSA) was conducted
to assess the robustness of the ICER when uncertainty in
key model inputs was considered simultaneously. In each
PSA simulation, the model randomly draws from a prob-
ability distribution describing each parameter, thus vary-
ing each input simultaneously with every PSA run. The
result from 2,000 simulations is presented in a cost-effec-
tiveness plane and cost-effectiveness acceptability curve.

2.8.3. Scenario analyses

Several scenario analyses were also conducted. The first
scenario analysis compared PHiD-CV to PCV-13, assum-
ing price parity; with both vaccines costing PLN 125, the
average of their published prices. The next scenario anal-
ysis (of PHiD-CV versus PCV-13) assessed the impact of
parametrising vaccine effectiveness of PHiD-CV against
STI9AIPD from the conservative base case value of 62% to
a no protection (0%) or to a more optimistic 82.2%, based
on recent studies.” A final scenario analysis assessed
the impact of changing vaccine effectiveness of PCV-13
against ST3 IPD from the base case value of 26% to both
0% and 79.5%, based on post-marketing studies .12

Results

3.1. Base case results for PHiD-CV versus no vaccination

Based on the model, the introduction of PHiD-CV vacci-
nation versus no vaccination reduced the number of un-
discounted IPD cases from 269 to 164 (by 39.2%), pneu-
monia cases from 261,609 to 252,468 (by 3.5%) and AOM
cases from 1,213,534 to 1,113,705 (by 8.2%). This resulted
in an increase of 978 QALYs (undiscounted) and a de-
crease in healthcare costs of PLN 39.6 million(M) (undis-
counted), with vaccination costs of PLN 108.5M (undis-
counted). The overall incremental cost of the vaccination
programme was PLN 71.4M (5% discounted) with 752
QALYs gained (3.5% discounted), resulting in a cost per
QALY gained of PLN 94,933 for PHiD-CV versus no vac-
cination. Therefore, under these assumptions, PHiD-CV
was a cost-effective option versus no vaccination, with
the cost per QALY gained well below the threshold for
cost-effectiveness of PLN 134,514 (Tables 3&4).

3.2. Base case results for PHiD-CV versus PCV-13

When comparing the two vaccines, PHiD-CV had com-
parable outcomes to PCV-13 regarding IPD and pneumo-
nia health outcomes. PHiD-CV, however, achieved better
health outcomes against AOM with fewer inpatient and
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Table 3. Undiscounted health and costs outcomes (PLN) (per birth cohort)

Undiscounted outcomes and costs No vaccination PHiD-CV PCV-13
Meningitis
Cases 102 59 58
Long-term sequelae 3 2 2
Deaths 20 13 13
QALYs lost 78 34 33
Direct costs (meningitis) (PLN) 532,374 312,245 307,874
Direct costs (meningitis sequelae) (PLN) 183,220 79,820 76,185
Bacteraemia
Cases 167 105 104
Long-term sequelae 3 2 1
Deaths 77 53 53
QALYs lost 69 29 27
Direct costs (bacteraemia) (PLN) 686,381 407,303 402,014
Direct costs (bacteraemia sequelae) (PLN) 163,230 67,315 63,802
Pneumonia (in/outpatient)
Cases 261,609 252,468 252,468
Deaths 6,240 6,233 6,233
QALYs lost 1,707 1,643 1,643
Direct costs (PLN) 238,477,576 223,503,460 223,503,508
AOM (in/outpatient)
Cases 1,213,534 1,113,705 1,152,167
QALYs lost 6,068 5,569 5,761
Direct costs (PLN) 304,939,441 280,985,886 290,490,383
Total QALYs 26,065,183 26,066,806 26,066,623
Vaccine costs (PLN) 0 108,463,366 162,695,052
Total direct costs* (PLN) 544,982,222 613,819,394 677,538,819
AOM: Acute otitis media; PLN: Polish zloty; QALY: quality-adjusted life-years
* Inclusive vaccine and vaccination costs

Table 4. Base case incremental health and cost outcomes and cost-effectiveness (5% discount on costs and 3.5% discount on effects)

PHiD-CV versus no vaccination PHiD-CV No vaccination Difference
QALYs gained 9,235,407 9,234,655 752
Direct costs* (PLN) 366,302,875 294,936,703 71,366,172
ICER (cost per QALY gained) 94,933 (below cost-effectiveness threshold**)
PHiD-CV versus PCV-13 PHiD-CV PCV-13 Difference
QALYs gained 9,235,407 9,235,237 170
Direct costs* (PLN) 366,302,875 427,411,268 -61,108,392
ICER (cost per QALY gained) PHiD-CV dominant over PCV-13
PLN: Polish ztoty; QALY: quality-adjusted life-years.
* Inclusive vaccine and vaccination costs
**Cost-effectiveness threshold of PLN 134,514 (=3x GDP)
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outpatient cases (38,462), and lower discounted direct
costs (PLN 8.3M). Overall, PHiD-CV was associated with
a gain in 170 QALYs (discounted at 3.5%) and a reduction
in direct disease management costs (- PLN 61.1M, dis-
counted at 5%) compared with PCV-13. Thus, PHiD-CV
was the dominant strategy for Poland (Tables 3&4).

%reduction in tube placement (2+1 regimen) | 66595 142,939

Hospitalizations for CAP | 66,286 122,764

% reduction in CAP hospitalizations (2+1), all vaccines 75,791 124,950

GP visits for AOM 76,694 117,976
Efficacy vs. AOM due to Sp VT (2+1 regimen) 85,745 -_ 125,183
Disutility for outpatient AOM 79,363 [N 113
Efficacy vs. AOM due to H. influenzae incl. NTHi (2+1) es22: [N ::+=
Myringotomy for AOM 82,015 -- 106,599

Incidence - bacteraemia 7.3 [ 101154

Case fatality ratio - bacteraemia 88,121 .. 100,391

Efficacy vs. AOM due to Sp nVT (2+1), all vaccines 90,283 .. 102,121

% AOM caused by SP vaccine serotypes, all vaccines 89,965 [l 10008

50000 70000 90,000 110,000 130,000 150,000
Cost per QALY gained

The 12 model inputs that had the biggest impact on the
ICER (comparing PHiD-CV to no vaccination) when var-
ied in the one-way sensitivity analysis. The central line
indicates the base case cost per QALY. Blue: using a lower
input, Red: using a higher input for the variable at the
left side. AOM: acute otitis media; CAP: community ac-
quired pneumonia; H. influenza: Haemophilus influen-
zae; NTHi: non-typeable H. influenza; nVT: non-vaccine
type; QALY: quality-adjusted life-years; Sp: Streptococ-
cus pneumoniae; VT: vaccine type.

3.3. One-way sensitivity analyses

Using the one-way sensitivity analysis, the tornado di-
agrams in Fig. 2 and Fig. 3 show the 12 most impactful
model inputs on the ICER when comparing PHiD-CV to
no vaccination (Fig. 2) and to PCV-13 (Fig. 3).

When comparing PHiD-CV to no vaccination, the most
influential factors were variations in the percent reduc-
tion in tube placement, hospitalisations for communi-
ty-acquired pneumonia (CAP) and percent reduction
in CAP hospitalisation. Only a very unrealistic 10% in-
crease in tube placement after vaccination would result
in an ICER above the threshold (i.e., PLN 142,939). In all
analyses, PHiD-CV resulted in a gain in QALYs versus
no vaccination and remains below the threshold of PLN
134,514. Therefore PHiD-CV remained cost-effective
(Fig. 2).

When comparing PHiD-CV to PCV-13, assumptions
around AOM were the most influential factors, as present
in 10 of the top 12 variables. Variations in the value for
‘GP visits for AOM’ had the largest impact on the ICER;
with the cost per QALY ranging from -PLN 512,565 to

-PLN267,675 per QALY gained. In all analyses, PHiD-
CV resulted in a gain in QALYs versus PCV-13 and was
cost-saving. Therefore, despite variations in the ICER,
PHiD-CV remained the dominant choice over PCV-13 in
all cases (Fig. 3).

3.4. Probabilistic sensitivity analysis

The PSA results showed that the model outcomes are ro-
bust to simultaneous probabilistic variation of key model
inputs. When comparing PHiD-CV to no vaccination,
PHiD-CVwascost-effectivein79.6% ofsimulations (Fig.4).
When comparing PHiD-CV to PCV-13, PHiD-CV was
the dominant strategy in 94.1% of the simulations (Fig. 5).

3.5. Results of scenario analyses

Results of all scenarios are summarised in Table 5.

3.5.1. Scenario analysis: PHiD-CV versus PCV-13, as-
suming vaccine price parity (PLN 125)

As in the base case, PHiD-CV resulted in more QALYs
gained versus PCV-13, and when assuming price parity
between the vaccines, PHiD-CV costs remained lower
(by PLN 8.2M) than in the PCV-13 arm, making PHiD-
CV the dominant strategy over PCV-13.

3.5.2. Scenario analysis: PHiD-CV versus PCV-13, as-
suming 0% and 82.2% VE for PHiD-CV against ST 19A
IPD

Omitting any cross protection from PHiD-CV against
19A reduced the incremental QALYs gained from 170 to
147, and the total cost saving from PLN 61.1M to 60.0M,
however PHiD-CV will still be dominant in this scenario.

Increasing the VE of PHiD-CV against ST 19A IPD from
the base case value of 62% to 82.2% resulted in a further
gain of QALYs versus PCV-13 (from 170 to 178 QALYs) as
well as an extra cost savings of PLN 310,000 versus base
case, due to better health outcomes achieved. As a result,
PHiD-CV remained the dominant strategy versus PCV-
13 in both scenarios.
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Hospitalizations for CAP | 66,286

% reduction in CAP hospitalizations (2+1), all vaccines 75,791

GP visits for AOM 76,694 117,976
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b d cost o 0 % d 0 0 0 d % d 0 0 or d 0
P PHiD P D
QALYs gained 9,235,407 9,235,237 170
Direct costs* (PLN) 392,735,159 400,978,983 -8,243,824
ICER (cost per QALY gained) PHiD-CV was dominant over PCV-13
Scenario: PHiD-CV effectiveness against ST 19A IPD: 0% PHiD-CV PCV-13 Difference
QALYs gained 9,235,384 9,235,237 147
Direct costs* (PLN) 367,254,011 427,411,268 -60,157,257
ICER (cost per QALY gained) PHiD-CV was dominant over PCV-13
Scenario: PHiD-CV effectiveness against ST 19A IPD: 82.2% PHiD-CV PCV-13 Difference
QALYs gained 9,235,414 9,235,237 178
Direct costs* (PLN) 365,992,989 427,411,268 -61,418,279
ICER (cost per QALY gained) PHiD-CV was dominant over PCV-13
Scenario: PCV-13 effectiveness against ST 3 IPD: 0% PHiD-CV PCV-13 Difference
QALYs gained 9,235,407 9,235,236 171
Direct costs* (PLN) 366,302,875 427,414,558 -61,111,683
ICER (cost per QALY gained) PHiD-CV was dominant over PCV-13
Scenario: PCV-13 effectiveness against ST 3 IPD: 79.5% PHiD-CV PCV-13 Difference
QALYs gained 9,235,407 9,235,238 169
Direct costs* (PLN) 366,302,875 427,406,662 -61,103,787
ICER (cost per QALY gained) PHiD-CV was dominant over PCV-13
ICER: incremental cost-effectiveness ratio; PLN: Polish ztoty; PCV-13: 13-valent pneumococcal conjugate vaccine; PHiD-CV: Pneumococcal
non-typeable Haemophilus influenzae protein D conjugate vaccine; QALY: quality-adjusted life-years.
* Inclusive vaccine and vaccination costs
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Figure 5.

3.5.3. Scenario analysis: PHiD-CV versus PCV-13, as-
suming 0% and 79.5% VE for PCV-13 against ST 3 IPD

Changing the VE of PCV-13 against ST 3 from the base
case value of 26% to 0% or to 79.5% had a limited impact
on the overall health and economic outcomes for PCV-13

versus PHiD-CV; i.e., loss or gain of 1 QALY respective-
ly versus PHiD-CV, and, increasing the cost difference
by PLN 3,000 or decreasing the cost difference by PLN
5,000, respectively. PHiD-CV remained dominant versus
PCV-13 in both scenarios.

Discussion

Based on a previously published Markov model,”" this
analysis estimated that adding PHiD-CV to the NIP in
Poland will improve health outcomes in the population
by reducing cases, and associated long-term sequelae and
deaths, of IPD, pneumonia and AOM. Despite the addi-
tional cost of vaccination, routine infant vaccination is
a cost-effective strategy for healthcare payers (ICER of
PLN 94,933 per QALY gained) versus no vaccination.

When comparing the two pneumococcal conjugate vac-
cines, PHiD-CV and PCV-13, despite some differences
between them (e.g., potentially higher effectiveness of
PCV-13 against STs 6A and 19A), the overall effectiveness
of PHiD-CV was significantly higher. The model predict-
ed very similar health outcomes with both vaccines for
IPD and pneumonia which is in line with industry-in-
dependent systematic reviews, showing no significant
differences in the two vaccines impact on IPD and pneu-

monia.”"’ However, the model projected a stronger re-
duction in AOM with PHiD-CV versus PCV-13, and the
direct costs associated with PCV-13 were much higher
than with PHiD-CV.

The impact of PCV programs on the incidence of overall
IPD and the distribution of VTs and NVTs in children
<5 years was analysed from post-marketing studies and
from high-quality surveillance data (available for at least
two years before and three years after implementation of
programmes with PHiD-CV or PCV-13. The study shows
that there was a substantial reduction in the burden of
overall IPD following introduction of either vaccines
in countries with high coverage, regardless of the PCV
used and of differences in pneumococcal epidemiology.
IPD was mainly due to VTs before PCV introduction,
whereas NVTs are the major contributor today in chil-
dren and adults.”” As AOM is less severe in nature than
IPD, it might not be the primary focus of vaccination pro-
grams. However, it is a frequent cause of physician visits
and it leads to a significant use of antibiotic use, both of
which can result in a high impact on the public health
budget. The prevention of a large number of AOM cas-
es through vaccination may be an important contributor
to minimising the growing problem of antibiotic resis-
tance,” as well as reducing indirect costs due to parent
absenteeism from work. Based on the clinical FinIP trial
setting, a recent study showed that vaccinating 5 infants
with PHiD-CV prevented one antimicrobial purchase for
uncomplicated AOM during 24 months after administra-
tion of the first dose in 2+1 and 3+1 vaccination schedules
combined.!**!

Overall, PHiD-CV was the dominant strategy compared
with PCV-13, providing more health gains (+170 QALYs)
ata cost-saving (-PLN 61.1M). PHiD-CV has a lower pub-
lic price than PCV-13 in Poland, however, the scenario
analysis comparing the two vaccines at the same price
also found PHiD-CV to be the dominant strategy. Sim-
ilarly, in scenario analyses assuming lower vaccine effec-
tiveness for PHiD-CV against ST19A IPD or higher effec-
tiveness for PCV-13 against ST3, PHiD-CV remained the
dominant option. This can, on one hand, be argued with
observations of recent systematic reviews confirming no
consistent impact of PCV-13 on ST3 diseases, with most
studies showing no impact or a lack of VE for PCV-13
against ST3 IPD.®" On the other hand, considering the
relatively low proportion of 19A caused illnesses, the fa-
voring differences for PCV13 over PHiD-CV to protect
against 19A diseases™ can be out-weighted by the ben-
efit of PHiD-CV to prevent other PCV related diseases,
such as AOM preventable diseases'®” and/or potentially
to reduce the replacement by PCV-13 non-vaccine type
IPD.I"#*71  Moreover, varying the vaccine effective-
ness against ST3 and ST19A of both vaccines accord-
ing published 95% confidence limits was found to have
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almost no effect on health and economic outcomes re-
garding IPD and pneumonia for the UK and Canada./”
Finally, these findings were supported by a recent health
economic evaluation from an industry-independent or-
ganisation in Quebec (INSPQ, Canada), estimating that
for most of the realistic increases of 19A over time when
using PHiD-CV, the cost-effectiveness ratio will remain
in favour of PHiD-CV (at least 39 and 94 more cases of
19A-IPD per year must be averted in children under 5
years of age by PCV-13 compared to PHiD-CV in order
to outweigh the extra cost difference per dose (25$) and
to become cost-effective against PHiD-CV at 1x and 3x
GDP/capita - for a birth-cohort of about 83,000 new-
borns).””? Therefore, from a public health perspective,
it is more important to consider the overall impact, i.e.
the overall effectiveness, of both vaccines rather than to
link protection with the number or ST coverage of each
vaccine.

In one-way sensitivity analyses versus no vaccination,
PHiD-CV remained cost-effective in all analyses except
when assuming a lower percent reduction in tube place-
ment. However, the estimated assumption used for the
lower reduction is lower than 0, reflecting an increase in
TTP when children are vaccinated, which is very unlike-
ly based on results of clinical trials, even for both vac-
cines.”*"" One-way sensitivity analyses versus PCV-13
found that AOM inputs and assumptions had the great-
est influence on outcomes, however PHiD-CV remained
dominant in all analyses. Uncertainty in model inputs
was tested in probabilistic sensitivity analyses, and the
outcomes for PHiD-CV were found to be robust, with
PHiD-CV remaining cost-effective versus no vaccination
in 79.6% of simulations and remaining dominant versus
PCV-13 in 94.1% of simulations.

The findings of this study in Poland are comparable to
other cost-effectiveness studies comparing PHiD-CV to
PCV-13, where the comparable benefits of both vaccines
in preventing IPD and pneumonia were complemented by
the larger benefits of PHiD-CV regarding AOM preven-
tion. For example, for studies in Sweden”’!, Norway",
and the UKP?, the outcome was a gain in QALYs with
PHiD-CV at a cost-saving. A recent systematic review of
46 pneumococcal vaccine studies concluded that PCV-13
and PHiD-CV are relatively comparable, with PHiD-CV
tending to be more cost-effective due to its additional ef-
fect on prevention of AOM, which although less severe
than IPD, is more prevalent.””! A study in Germany, by
contrast, found PCV-13 to be more cost-effective than
PHiD-CV, if the assumptions made around additional
indirect effects with PCV-13 were significant.”” Finally,
a recent comparison of the two vaccines’ effectiveness in
reducing the incidence of IPD in Sweden, where PCV-13
is used in some counties and PHiD-CV in the others,
found no significant differences between the vaccines’

overall effect on IPD, despite serotype differences.’

This analysis had some limitations, principally due to the
use of a static model to evaluate the impact of herd effect
or serotype replacement. Serotype replacement was rep-
resented in the model by reducing VE, and herd effect
was included as a fixed effect at equilibrium. A dynamic
model would be better able to model indirect effects such
as serotype replacement and herd effect. Moreover, some
inputs were from other countries when Polish data were
lacking (e.g., disutility data). A conservative approach
was taken when assumptions were made.

The analysis also did not consider the burden or costs due
to adverse events from vaccine administration in either
vaccination arm. However, based on clinical trial and
post-marketing safety data, this is likely to be margin-
al. Indirect costs due to work absenteeism of patients or
parents of patients were out of scope for this study as well
as health benefits and cost savings of reducing antibiotic
resistance. The latest is hard to be estimated due to lack of
data, however this is likely to make both vaccines some-
what more cost-effective that what has been estimated
here.

Conclusion

Introducing mass vaccination of infants in Poland with
PHiD-CV is likely to reduce the disease burden due to
IPD, pneumonia and AOM, while being a cost-effective
strategy (versus no vaccination) and a cost-saving strate-
gy (versus PCV-13) for the healthcare payer.

End 2016 the Ministry of Health selected PHiD-CV for
their NIP.77#

6. Acknowledgements

The authors would like to thank Business & Decision Life
Sciences platform for editorial assistance and manuscript
coordination, on behalf of GSK. Stephanie Garcia and
Lyes Derouiche (publications managers, Business & De-
cision Life Sciences on behalf of GSK) coordinated man-
uscript development and editorial support. The authors
also thank Kavi Littlewood (Littlewood Writing Solu-
tions, on behalf of GSK) for providing medical writing
support.

7. Compliance with Ethical Standards

GlaxoSmithKline Biologicals SA funded this analysis and
was involved in all stages of research conduct, including
analysis of the data. GlaxoSmithKline Biologicals SA also
took in charge all costs associated with the development
and publication of this manuscript.

JO, AK and RR are employees of the GSK group of com-



15

JHPE&R

Joul
&0

rnal of H

uuuuuuu R

ealth Policy
esearch

panies. BS, KW and IK were employed by GSK at the time
of the study. MMG is a partner of Pracownia HTA Com-
pany which received remuneration from the GSK group
of companies for the development of a HTA report on
Synflorix (analysis disclosed in the present manuscript)
and other vaccines. AR discloses no conflict of interest.

8. Trademark

Synflorix is a trademark of the GSK group of compa-
nies. Prevenarl3 is a trademark owned or licensed by
Wyeth LLC.

Supplementary Materials
Sup. 1. Plain Language Summary

Infection from Streptococcus pneumoniae bacteria can be invasive (IPD; invasive pneumococcal
disease) and lead to severe life-threatening illnesses such as meningitis, bacteraemia and some cases
of pneumonia, as well as non-invasive, leading to most pneumonia or acute otitis media (AOM)
which is very common in childhood.

IPD, pneumonia and AOM caused by Streptococcus pneumoniae. This study estimated the impact of

Two vaccines (PHID-CV and PCV-13) are available in Poland for infants, licensed for the prevention of
these vaccines in Poland.

What are the results?

When compared to no vaccination, PHiD-CV is expected to reduce the number of disease cases for a
total cost which is acceptable for the local Polish Health Authorities. The vaccination with PHiD-CV
can therefore be considered cost-effective in Poland compared to no vaccination.
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