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ABSTRACT

The aim of this study was to establish whether the universal pneumococcal vaccination for older adults in
Norway is likely to be cost-effective from the perspective of the health care provider. A decision tree
model developed by the Public Health Agency of Sweden was adapted to the Norwegian setting. Two
cohorts, consisting of 65-year-olds and 75-year-olds grouped into vaccinated and unvaccinated, were
followed over a 5-year time horizon. In the base case, the 23-valent polysaccharide vaccine (PPV23) was
used while the 13-valent pneumococcal conjugate vaccine (PCV13) was included in scenario analyses
only. The costs and health benefits (measured in quality adjusted life years (QALY) gained) were compared
in the two cohorts between the vaccinated and unvaccinated groups. The impact of indirect effects of the
vaccine, such as herd immunity and serotype replacement, were not investigated. The relative importance
of change in price was assessed by performing one-way sensitivity analyses. Under base-case assump-
tions, the programme for the 75-year-old cohort is expected to be dominant (cost-effective) from the
health care perspective at the current maximal pharmacy retail price and at 75% vaccination coverage. In
comparison, for the 65-year-old cohort the cost per QALY gained is approximately NOK 601,784 (EUR
61,281) under the base-case assumptions. A reduction in the cost of the vaccine to one quarter of its
current level also brings the cost per QALY gained within the acceptable ranges in a Norwegian context
for both the 65- and 75-year-old cohorts. There is no exact cost-effectiveness threshold in Norway.
However, introducing a vaccination programme against pneumococcal disease for 65-year-olds in
Norway is likely to fall within the acceptable range while for the 75-year-old cohort the universal
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programme appears to be dominant (cost-effective).

Introduction

Pneumococcal infections are caused by Streptococcus pneumo-
niae, commonly referred to as pneumococcus.' S pneumoniae
is the most common cause of community-acquired pneumonia
(CAP), bacterial meningitis, bacteremia, and otitis media.”
Additionally, it is an important cause of sinusitis, septic arthri-
tis, osteomyelitis, peritonitis, and endocarditis.®

Following the introduction of the conjugate pneumococcal
vaccine (PCV) in the Norwegian childhood immunization
programme, we observed substantial reductions in severe inva-
sive pneumococcal disease (IPD) and pneumonia caused by
vaccine serotypes in children targeted for vaccination, as well
as in unvaccinated adults through indirect herd protection.
However, the burden of pneumococcal disease remains con-
siderable in Norway, especially among the older adults and
clinical risk groups* due to increases in IPD incidence caused
by replacement with non-vaccine serotypes. In Norway, after
2016, a declining incidence of IPD caused by both PCV13 (13-
valent pneumococcal conjugate vaccine) and non-PCV13 IPD
was observed, though the proportion of non-PCV13 serotypes
is increasing compared to PCV13 serotypes.*

In Norway, the 23-valent polysaccharide vaccine (PPV23) is
not implemented in a universal pneumococcal vaccination
programme for older adults. However, all persons 65 years
and older, as well as medical risk groups are recommended
pneumococcal vaccination.” PPV23 is currently the recom-
mended vaccine for medical risk groups and the older adults
in Norway. Only a few, selected high-risk groups are recom-
mended PCV13 in series with PPV23.° The current uptake of
pneumococcal vaccination in Norway is assumed to be sub-
optimal in adultsat approximately 15%.* Currently vaccination
outside the childhood immunization programme is only
financed for selected medical high-risk groups.” In Denmark,
a pneumococcal vaccination programme has been adminis-
tered free of charge for persons aged 65 years and older, as
well as for high-risk groups since 2020.® In Sweden, people
with certain underlying diseases, as well as those who are 75
years-of-age and older, will be offered vaccination against
pneumococcal infections within a free-of-charge national vac-
cination programme from the autumn of 2022.°

The continued dissemination of non-vaccine serotypes, as
well as the low uptake of pneumococcal vaccination warrants
the need to inform health policy makers on the effect and cost-
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effectiveness of introducing 23-valent polysaccharide vaccine
(PPV23) in a universal vaccination programme for older adults
in Norway. This study addresses the issue of whether universal
vaccination for older adults with PPV23 would be a cost-
effective policy from the health care provider perspective. The
analysis takes into consideration the uncertainties related to
the variation in the vaccine price and coverage but does not
consider the potential for indirect protection (herd immunity)
among unvaccinated individuals as well as serotype replace-
ment effects in the whole population.

Methods
Decision tree model

A deterministic cohort decision-tree model developed at the
Public Health Agency of Sweden was adapted to the Norwegian
setting. The model is described in detail elsewhere.'
A modified schematic from the Swedish analysis using the
same model is presented in Figure 1. The base case analysis
measures the impact of vaccinating with PPV23 for
a hypothetical 65-year-old and 75-year-old cohort in Norway
compared to no vaccination. The 13-valent conjugate vaccine
(PCV13) was only included in a scenario analysis. The model
was constructed to follow a hypothetical cohort of 65-year-olds
and 75-year-olds over a five-year time horizon. A cohort size of
55,614 individuals was used for the 65-year-old cohort while
a cohort size of 31,925 individuals was used for the 75-year-old
cohort. These cohort sizes were based on population data from
Statistics Norway from 2015. The cycle length was set to
one year. Individuals enter the model in a susceptible state
and then progress depending on their risk of disease, vaccina-
tion coverage and vaccination effectiveness.

The model was developed in Excel (2016) software.
A collaboration working to assess the impact of pneumococcal
vaccination on older adults was previously established among
the Nordic countries. The work included a systematic literature
review,'" and it was agreed to strive to re-use models and
estimates for health economic evaluations where appropriate.
In line with the objective of the Nordic collaboration, the
Swedish model was chosen.

The number of quality-adjusted life-year (QALY) gained
from the vaccination programme is used as the primary out-
come measure for the programme. This is compared to its net
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Figure 1. Simplified schematic overview of the decision tree model.
Abbreviations: IPD: Invasive pneumococcal disease; PnCAP: Non-invasive pneu-
mococcal community-acquired pneumonia

cost, which is the additional cost of vaccination minus the
expected savings from the programme in terms of reduced
use of health care resources.

Pneumococcal infection can lead to a number of outcomes
such as invasive disease, pneumonia, ear infections, sinusitis,
bronchitis, arthritis, conjunctivitis, and peritonitis. However,
the model only considers invasive pneumococcal disease (IPD)
and noninvasive pneumococcal community-acquired pneu-
monia (PnCAP) as randomized and non-randomized observa-
tional studies regarding vaccine efficacy are available. All IPD
cases were assumed to require hospital admission (100%) while
PnCAP cases were assumed to require either hospital admis-
sion (25%) or general practitioners (GP) consultation (75%).
These assumptions were made in collaboration with clinical
experts.

Future benefits and costs were discounted according to the
Norwegian guidelines for single technology assessment (STA)
at 4% per annum.'” In the base-case analysis, we assumed
vaccination coverage of 75% among both the 65- and 75-year-
olds cohorts as this is the target vaccination coverage.

The impact of herd protection, (i.e., changes in disease
incidence among unvaccinated individuals), was not consid-
ered in this work. Cross-protection (i.e., the protection con-
ferred by a serotype of pneumococci that prevents infection by
a closely related serotype of pneumococci) or serotype replace-
ment (i.e., the resistance to sub-types of serotypes if the fre-
quency of a sub-type of serotype declines due to high levels of
immunity allowing other serotypes to replace it) were not
considered in the analysis."> Serotype distribution that may
be expected to occur after the introduction of pneumococcal
vaccination was, however, considered in the base-case analysis.
The impact of changes in vaccine price, vaccination coverage,
and inpatient PnCAP incidence were further investigated in
one-way sensitivity analyses.

Epidemiological data

No comprehensive community acquired pneumonia (CAP)
outpatient data was available from Norwegian sources.'*'
We assumed that the Swedish register data for outpatient
CAP would be similar enough to the Norwegian setting to
justify the use of the Swedish dataset."® As such, for the base-
case analysis the age-specific incidence rates of CAP outpatient
for the 65- and 75- year-old cohorts were derived by extracting
the data from Swedish register sources'® and used in line with
the methodology in the Swedish model. In the Swedish study
CAP was defined as a first-listed discharge diagnosis of pneu-
monia, or first-listed diagnosis of meningitis, septicemia, or
empyema in addition to a pneumonia diagnosis. Analyses were
restricted to patients without previous hospital care during the
last 30 days to restrict episodes to CAP. The share of CAP
which is caused by Streptococcus pneumoniae was estimated
as 9% for outpatient CAP based on Leven et al. 2018."” The
model only included the share of CAP that was estimated to be
due to pneumococcal infection, i.e. noninvasive pneumococcal
community acquired pneumonia (PnCAP).

CAP inpatient estimates were based on hospital discharge
data from the Norwegian Patient Register (NPR).'"® CAP was
defined as a first-listed discharge diagnosis of pneumonia



according to the listed ICD10-codes. Episodes per person were
defined as one or several admissions for CAP within the same
30 days. Further details and description of the data compilation
can be found elsewhere'® In line with the Swedish study, we
assumed that 30% of the cases would be caused by
pneumococci.'” Norwegian CAP data including only noninva-
sive episodes from 2015 was used to estimate the incidence of
PnCAP. For the 65-year-old cohort the incidence (per 100.000)
was estimated as 815 x 0.3 = 244 and for the 75-year-old cohort
the incidence (per 100.000) was estimated as 1770 x 0.3 = 531.

The age-specific incidence of IPD cases per 100.000 popula-
tion from the Norwegian Surveillance System for
Communicable Diseases (MSIS) is based on average estimates
over a five-year period from 2015 to 2019.%° There is variation
in the estimates over time and, as such, we think that using
average estimates over a five-year period is more representative
than using estimates from a single year. MSIS is the most
reliable data source on IPD in Norway, as detailed information
on laboratory detection of S. pneumoniae from sterile area by
isolation, nucleic acid, or antigen test (not urine) is available.
The epidemiological parameters used are presented in Table 1.

Vaccine effectiveness (VE)

The vaccine effectiveness (VE) estimates against pneumococcal
disease used in the model for the 65- and 75- year-old cohorts are
shown in Table 2. These estimates were based on a combination
of data sources which are described in more detail in the sub-
sections below. PPV23 was used in the base-case analysis, while
PCV13 was only included in a scenario analysis.

Serotype distribution

Norwegian national data on IPD from 2017 indicates that 127
(23%) of the isolates belonged to serotypes included in PCV13,
and 390 (70%) of the isolates belonged to serotypes included in
PPV23. In the age group >65 years, 226 (68%) of the cases were
caused by serotypes included in PPV23, and 74 (22%) of the
cases were caused by serotypes included in PCV13.*! We
assumed the same serotype distribution for pneumococcal
pneumonia.

PPV23

No comprehensive data from Norway was available for the
vaccine effectiveness for the 65-year-old cohort. Thus, we
applied the same data as in the study by Wolff et al
Estimates of the vaccine effectiveness against IPD for PPV23
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Table 1. Annual incidence of invasive pneumococcal disease (IPD), noninvasive
pneumococcal community acquired pneumonia (PnCAP) parameters for a
hypothetical cohort of 65 year- and 75-year-olds over a five-year time horizon
(year since vaccination).

Incidence (per  Incidence (per

100.000) 65- 100.000) 75-
year-old cohort year-old cohort Source

IPD 22 37 An average annual incidence
is presented using data
from the Norwegian
Surveillance System for
Communicable Diseases for
the years 2015 to 2019.

PnCAP*

Inpatient 244 531 Extracted from the dataset
presented in Lyngstad et al.
2022

Outpatient 315 525 Swedish register data:

Extracted from the dataset
presented in Naucler et al.
2020 and Wolff et al. 2020

*Streptococcus pneumoniae, the share of CAP which is caused by Streptococcus
pneumoniae is estimated as 30% for inpatient CAP based on Suzuki et al. 2017,
and 9% for outpatient CAP based on Leven et al. 2018.

following the first year after vaccination were extracted from
areview by Kraicer-Melamed et al.** and a study by Kim et al.*>
To obtain the vaccine effectiveness against IPD for Norway, the
adjusted PPV23 serotype-specific vaccine effectiveness in the
75-year-old cohort was estimated to be 69.9%. This was then
multiplied by the share of IPD that is vaccine type-specific for
Norway which is 70%.>' English data from a study by Djennad
et al.”* was used to estimate vaccine effectiveness against IPD in
the years 2-5 following vaccination. Similar calculations were
applied to estimate the vaccine effectiveness for PPV23 against
PnCAP in the 65-year-old cohort. For the first year following
vaccination, the estimated vaccine effectiveness of 38.9% was
extracted from a Japanese study by Suzuki et al.'” The 38.9%
estimate was multiplied by 70% to obtain the estimate of 28%.
To obtain the vaccine effectiveness against CAP for the years
2-5 following vaccination similar calculations were conducted
(Table 2).

No comprehensive data from Norway was available for the
vaccine effectiveness for the 75-year-old cohort. Thus, we
applied the same data from Djennad et al** to estimate the
vaccine effectiveness against IPD in the years 1 to 5 following
vaccination. Suzuki et al.'® suggests that the adjusted PPV23
serotype-specific vaccine effectiveness against PnCAP is 28.2%.
This estimate was multiplied by the share of PnCAP that is

Table 2. Vaccine effectiveness (VE) on invasive pneumococcal disease (IPD) and noninvasive pneumococcal community-acquired pneumonia (PnCAP) applied in the
Norwegian setting*, per year since vaccination, vaccine type; 23-valent polysaccharide vaccine (PPV23) and 13-valent pneumococcal conjugate vaccine (PCV13), and

age group.
PPV23 PCV13
Year since VE on VE on VE on VE on
Age-group vaccination IPD* PnCAP* Source IPD* PnCAP* Source
65-year-old 1 50% 28% Kim et al. 2019, Suzuki et al. 2017, Kraicer- 22% 13% Bonten et al. 2015, Patterson
cohort Melamed et al. 2016 et al. 2016
2 43% 26% Suzuki et al. 2017, 22% 13%
3-5 35% 24% Djennad et al. 2019 22% 13%
75-year-old 1 38% 20% 12% 12% Van Werkhove et al. 2015
cohort 2 38% 20% 12% 12%
3-5 39% 20% 12% 12%

*The VE estimates in Table 4 are based on published estimates for VE, multiplied by the share of IPD or PnCAP caused by PPV23 or PCV13 serotypes respectively.
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assumed to be vaccine type-specific in Norway to arrive at an
estimate of vaccine effectiveness of PPV23 against
PnCAP (20%).

PCVi3

In line with the Swedish model, the protective effect against IPD
and PnCAP for PCV13, for both the 65-year-old cohort and the
75-year-old cohort, was calculated in the same way as described
above and data was collected from the CAPITA trial.*>?°
Vaccine effectiveness against pneumococcal disease was based
on intention to treat results of the CAPITA trials and for IPD
was adjusted to reflect the serotype distribution in Norway.

Health outcomes

In compliance with the Norwegian guidelines for STA of phar-
maceuticals, health-related quality of life (HRQoL) data was
based on the standardized generic instrument EQ-5D."* The
outcome measure QALY gained simultaneously captures gains
from reduced morbidity (quality gains) and reduced mortality
(quantity gains) and integrates these into a single measure.
Reductions in health-related quality of life due to pneumococ-
cal disease (calculated on a scale of 0-1 where 1 is equivalent to
perfect health and 0 equates death) were derived from the
literature and based on utility values from the Netherlands.*”
For IPD a utility value of 0,694 was used. For inpatient PnCAP
a utility value of 0,694 was used while a utility value of 0,761
was used for outpatient PnCAP. No published age or gender-

Table 3. Overview of model input parameters.

specific EQ-5D data from the general Norwegian population is
available. The QALY weight among the healthy population was
based on a utility value from a Swedish study (0,765).>® Severe
adverse events are rare and as such we did not consider these in
the analysis.*>** Therefore, no disutility values were applied in
the model.

Cost estimates

Based on past cost-effectiveness analyses of vaccination pro-
grammes in Norway,”' > the cost per PPV23 vaccine dose was
set to the maximum pharmacy retail price as listed by the
Norwegian Medicines Agency.** The publicly listed maximum
pharmacy retail price includes value-added tax (VAT) of
25%.> In this analysis (and in line with recommendations for
the Norwegian context), the price excluding VAT was calcu-
lated and used (see Table 3). The PCV13 vaccine dose was also
set to the maximum pharmacy retail price excluding VAT (but
only used in a scenario analysis). Vaccines implemented in
national immunization programmes (NIP) in Norway are,
however, acquired through tenders. The realistic vaccine
price is, therefore, typically lower than the maximum phar-
macy retail price when included in a NIP. Based on experience
with previous tenders for vaccines included in the Norwegian
NIP, the rebate varies between 25-75%.>® In compliance with
the Norwegian guidelines for STA of pharmaceuticals,'* the
cost of administering a vaccine is calculated as the renumera-
tion for fee-for-service per the GP Fees List Collective

Parameter Value (NOK) Source/Comments

Vaccination costs

Cost of vaccine excl. VAT, PPV23' NOK 258 The Norwegian Medicines Agency

Cost of vaccine, PPV23 excl. VAT, with rebate 75% NOK 64,5 Calculation using the cost of PPV23 excl. VAT NOK 258
Cost of vaccine, PPV23 excl. VAT, with rebate 50% NOK 129 Calculation using the cost of PPV23 excl. VAT NOK 258
Cost of vaccine, PPV23 excl. VAT, with rebate 25% NOK 193,5 Calculation using the cost of PPV23 excl. VAT NOK 258
Cost of vaccine excl. VAT, PCV13? NOK 523,5 The Norwegian Medicines Agency

Cost of vaccine, PCV13 excl. VAT, with rebate 75% NOK 131 Calculation using the cost of PCV13 excl. VAT NOK 523,5
Cost of vaccine, PCV13 excl. VAT, with rebate 50% NOK 262 Calculation using the cost of PCV13 excl. VAT NOK 523,5
Cost of vaccine, PCV13 excl. VAT, with rebate 25% NOK 393 Calculation using cost of PCV13 excl. VAT NOK 523,5
Vaccine delivery — a single subcutaneous injection® NOK 150 The Norwegian Medicines Agency

Vaccine administration cost per dose* NOK 336 The Norwegian Medical Association

Treatment costs

Fee-for-service per consultation NOK 336 The Norwegian Medical Association

Antibiotics

Average cost per course of treatment — Phenoxymethylpenicillin NOK 98,5 The Norwegian Medicines Agency

Average cost per course of treatment — Amoxicillin NOK 144,75 The Norwegian Medicines Agency

Hospital Admissions

Average cost per IPD admission NOK 128 187 Diagnostic Related Group

Average cost per PnCAP admission NOK 60,812 Diagnostic Related Group

Abbreviations.

VAT: Value-added-tax.

PPV23: 23-valent polysaccharide vaccine.

PCV13: 13-valent pneumococcal conjugate vaccine.

IPD: Invasive pneumococcal disease.

PnCAP: Noninvasive pneumococcal community-acquired pneumonia.

(1) The maximum pharmacy retail price was used (344,40 NOK) and 25% value-added-tax (VAT) was deducted. https://www.legemiddelsok.no/sider/Legemiddelvisning.
aspx?pakningld=671a5e74-8144-44fb-8b96-d3991cba8739&searchquery=pneumovax&f=Han;Mtl;Vir;ATC;Var;Mar;Mid;Avr;gen;par;&pane=0.

(2) The maximum pharmacy retail price was used (698,20 NOK) and 25% VAT was deducted. https://www.legemiddelsok.no/sider/Legemiddelvisning.aspx?pakningld=
6c87a43e-fbc3-4f77-b4f4-09de265a6fd9&searchquery=Pneumokokk&f=Han;Mtl;Vir;,ATC;Var;Mar;Mid;Avr;gen;par;&pane=0.

(3) The cost of a single subcutaneous injection (150 NOK) was added as per the Norwegian Medicines Agency’s guidance: https://normaltariffen.legeforeningen.no/
book/Fastlegetariffen-2021/m-11 https://legemiddelverket.no/Documents/Offentlig%20finansiering%200g%20pris/Dokumentasjon%20til%20metodevurdering/

Retningslinjer%2018.10.2021.pdf.

(4) The fee-for-service for a general practice consultation takst2ad (168 NOK) was multiplied by two as per the Norwegian Medicines Agency’s guidance: https://
normaltariffen.legeforeningen.no/book/Fastlegetariffen-2021/m-11 https://legemiddelverket.no/Documents/Offentlig%20finansiering%2009%20pris/

Dokumentasjon%20til%20metodevurdering/Retningslinjer%2018.10.2021.pdf.
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https://www.legemiddelsok.no/sider/Legemiddelvisning.aspx?pakningId=671a5e74-8144-44fb-8b96-d3991cba8739%26searchquery=pneumovax%26f=Han;MtI;Vir;ATC;Var;Mar;Mid;Avr;gen;par;%26pane=0
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https://normaltariffen.legeforeningen.no/book/Fastlegetariffen-2021/m-11
https://normaltariffen.legeforeningen.no/book/Fastlegetariffen-2021/m-11
https://legemiddelverket.no/Documents/Offentlig%20finansiering%20og%20pris/Dokumentasjon%20til%20metodevurdering/Retningslinjer%2018.10.2021.pdf
https://legemiddelverket.no/Documents/Offentlig%20finansiering%20og%20pris/Dokumentasjon%20til%20metodevurdering/Retningslinjer%2018.10.2021.pdf
https://normaltariffen.legeforeningen.no/book/Fastlegetariffen-2021/m-11
https://normaltariffen.legeforeningen.no/book/Fastlegetariffen-2021/m-11
https://legemiddelverket.no/Documents/Offentlig%20finansiering%20og%20pris/Dokumentasjon%20til%20metodevurdering/Retningslinjer%2018.10.2021.pdf
https://legemiddelverket.no/Documents/Offentlig%20finansiering%20og%20pris/Dokumentasjon%20til%20metodevurdering/Retningslinjer%2018.10.2021.pdf

Agreement 2021-2022 (takst2ad)’” multiplied by two (168 x 2
=336 NOK/EUR 34). In line with the Norwegian guidelines for
STA of pharmaceuticals,'”” an additional cost of 150 NOK
(EUR 15) for a single subcutaneous injection is used per vac-
cine delivery. Thus, the total cost of one vaccination delivery
per person includes the vaccine cost, the cost of a single sub-
cutaneous injection and the renumeration of GP fee-for-
service multiplied by two. A one-time cost of EUR 127,291
covering implementation and information costs for the
first year of the programme was included. This estimate is
based on the costing of other vaccination programmes (as
laid out in an internal communication from the Norwegian
Institute of Public Health).

The average case cost of a hospital admission for either IPD
or PnCAP was derived from the Diagnosis Related Group
(DRG) which was established based on the International
Classification of Diseases (ICD) 10 diagnostic codes.”® Each
DRG code has a relative weight, which determines the reim-
bursement for that DRG. Each DRG weight represents the
average case cost for cases in that DRG relative to the average
case cost for all DRGs. The relative weight was multiplied by
the unit cost for 2022 (NOK 47 742/EUR 4862).

In the Norwegian guideline for the management of more
severe infections in the primary sector a Penicillin or
Amoxicillin dosage of 1,3 g 4 times a day for 7 to 10 days is
recommended.” The cost of antibiotic treatment is based on
the official retail prices in Norway as given by the Norwegian
Medicines Agency and calculated in the same way as above for
the vaccine price. In the Usage of Antimicrobial Agents and
Occurrence of Antimicrobial Resistance from Norway report
from 2018,%° it is estimated that, in terms of the number of
prescriptions per 1000 inhabitants, penicillin accounts for 25%
while amoxicillin accounts for 75%. These estimates were used
in the model. All cases which did not require hospitalization
were assumed to require treatment with antibiotics.

Costs were measured in 2022 Norwegian kroner (NOK) and
converted to € EUR using the average annual 2022 exchange
rate (EUR1 = NOK9.820)."!

Sensitivity and scenario analyses

The most likely parameter values and assumptions were used
in the base-case. However, several one-way sensitivity analyses
were also performed looking at the effect of changing one
parameter at a time. The rebate rates were varied in sensitivity
analyses to detect the impact on the vaccine pharmacy retail
price for PPV23 if the price was reduced by 25%, 50% and 75%,
respectively. The share of PnCAP (inpatient) that is caused by
S. pneumoniae was varied from 30% in the base case to 20% in
a sensitivity analysis. The vaccination coverage was also varied
from 75% to 50% in a sensitivity analysis. A scenario analysis in
which the PCV13 vaccine price was used instead of the PPV23
vaccine price was performed, in line with the Swedish model.
In addition, the impact on the vaccine pharmacy retail price for
PCV13 if the price was reduced by 25%, 50% and 75%, respec-
tively, was tested. The share of PnCAP (inpatient) that is
caused by S. pneumoniae varied from 30% in the base case to
20% for the PCV13 vaccine.
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Table 4. Estimated number of Norwegian cases of (invasive pneumococcal disease
(IPD) and noninvasive pneumococcal community-acquired pneumonia (PnCAP) in
the epidemiological model, with and without vaccination with 23-valent poly-
saccharide vaccine (PVV23), depending on age and year after vaccination, given
the input parameters in Table 2, and 75% vaccination coverage.

Year 1 Year 2 Year 3 Year 4 Year 5
65-year-old cohort
IPD
Not vaccinated 25 25 25 25 25
Vaccinated 16 17 19 19 19
PnCAP Inpatient
Not vaccinated 279 279 279 279 279
Vaccinated 221 224 228 228 228
PnCAP Outpatient
Not vaccinated 155 155 155 155 155
Vaccinated 122 124 126 126 126
75-year-old cohort
IPD
Not vaccinated 29 29 29 29 29
Vaccinated 22 23 24 24 24
PnCAP Inpatient
Not vaccinated 415 415 415 415 415
Vaccinated 374 374 374 374 374
PnCAP Outpatient
Not vaccinated 176 176 176 176 176
Vaccinated 159 159 159 159 159
Results
Base case

PPV23 vaccination would lead to a total decrease in the num-
ber of IPD cases by 20% and a decrease of 13% for the CAP
cases among the 65-year-old cohort. Among the 75-year-old
cohort the IPD cases would be reduced by 20% while the
PnCAP cases would be reduced by 10% (See Table 4).

At the current maximal pharmacy retail price for PPV23,
vaccinating 65-year-olds would result in a total difference in
costs of NOK 9 998 756 million (EUR 1 018 203) over the five-
year time horizon and a gain of 16,62 QALY. This results in
a cost per gained QALY of approximately NOK 601 784 (EUR
61 281) which falls within the current threshold ranges in
Norway which starts at NOK 275 000 (EUR 28 004). The
corresponding figures for vaccinating 75-year-olds are a total
difference in costs of NOK -503 847 (EUR 51 308) and a gain of
15,84 QALY (See Table 5). This results in a dominant strategy
(i.e., a decrease in costs and an increase in effects) for the 75-
year-old cohort.

Sensitivity analyses

The impact of changing the share of PnCAP inpatient that is
caused by S. pneumonia was varied from 30% in the base case
to 20% in a sensitivity analysis. This did not have an impact on
the incremental cost-effectiveness ratio (ICER) for either the
65-year-old cohort or the 75-year-old cohort. The potential
effects of variation in vaccine price for PPV23 from the current
price to 25%, 50% or 75% rebate lowered the ICER for the 65-
year-old cohort (see Table 6). Changing the vaccination cover-
age from 75% to 50% for the 65-year-old cohort had minimal
impact on the ICER (NOK 601 784 (EUR 61,281) in the base-
case versus NOK 626 131/EUR 63,761). Varying the vaccine
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Table 5. Base case results (NOK/EUR) - at 75% vaccination coverage.

Table 6. Sensitivity analyses results (NOK/EUR) - varying the price of PVV23 with
25%, 50%, 75% rebate — at 75% vaccination coverage.

No
vaccination  Vaccination Difference Rebate (%) ICER (Cost per QALY gained)
65-year-old cohort 65-year-old cohort 25 NOK 439 864/EUR 44,793
Cost of acquiring and - 28 229 666 28 229 666 50 NOK 277 945/EUR 28,307
administrating the vaccine 75 NOK 116 025/EUR 11,815
Treatment costs 89414214 69933303 —19480911 75-year-old cohort 25 Dominant
Implementation costs, - 1 250 000 1 250 000 50 Dominant
vaccination programme 75 Dominant
ro s WAL ST SO s
. 4 QALY: Quality-adjusted life-year.
ICER (cost per QALY gained) NOK 601 784/ ICER: Incremental cost-effectiveness ratio.
EUR 61,281
75-year-old cohort
Cost of acquiring and - 10 803 420 10 803 420
administrating the vaccine Table 7. Sensitivity analyses results (NOK/EUR) - varying the price of PCV13 with
Treatment costs 105366 067 92808801  —12 557 267 25%, 50%, 75% rebate — at 75% vaccination coverage and changing VE data
Implementation costs, - 1250 000 1250 000 : : .
vaccination programme Rebate (%) ICER (Cost per QALY gained)
Total costs 105 366 067 104 862 221 —503 847 65-year-old cohort 25 NOK 940 686/EUR 95,793
QALY 115 068 115 084 15,84 50 NOK 611 826/EUR 62,304
ICER (cost per QALY gained) Dominant 75 NOK 282 965/EUR 28,815
Abbreviations. 75-year-old cohort 25 NOK 104 231/EUR 10,614
QALY: Quality-adjusted life-year. 50 Dominant
ICER: Incremental cost-effectiveness ratio. 75 Dominant

price by 25%, 50% and 75% rebate for the 75-year-old cohort
did not change the result of the dominant strategy in the base
case (See Table 6). Varying the vaccination coverage rate from
75% to 50% for the 75-year-old cohort did not impact the ICER
and the vaccination strategy remained dominant.

Scenario analysis

Using the PCV13 vaccine price and changing the VE data
would result in a higher ICER in the base case with a cost per
QALY gained of NOK 1 268 291/EUR 129,154 for the 65-year-
old cohort and a cost per QALY gained of NOK 235,736/EUR
24,006 for the 75-year-old cohort. However, a rebate of 50% or
75% would result in a dominant strategy for the 75-year-old
cohort, while the strategy would fall within the acceptable
ranges for the 65-year-old cohort if a rebate of 50% or 75%
was used (See Table 7). The impact of changing the share of
PnCAP inpatient that is caused by S. pneumonia was varied
from 30% in the base case to 20% in a sensitivity analysis. This
did not have an impact on the ICER.

Discussion

This paper considers the possible health effects and costs asso-
ciated with a universal vaccination programme with the 23-
valent pneumococcal polysaccharide vaccine in older adults in
Norway. It establishes baseline information on its effect and
cost-effectiveness from the health care perspective.

In Norway, there is no exact cost-effectiveness threshold,
and thus the maximum amount a decision-maker is willing to
pay for a unit of health outcome is uncertain.*> However,
estimates of the costs that are displaced at the lower end of
the scale start at NOK 275 000 (EUR 28 004) per QALY while
approaching an upper limit in the upper severity class which is
three times this amount i.e., NOK 825 000 (EUR 84 011) per
QALY. Vaccinating the 65-year-old cohort with one dose of
PPV23 is likely to be cost-effective compared to not vaccinating

Abbreviations.

VE: Vaccine effectiveness.

QALY: Quality-adjusted life-year.

ICER: Incremental cost-effectiveness ratio.

the cohort as the ICER falls within the recommended ranges.
Vaccinating the 75-year-old cohort results in a dominant strat-
egy and is likely to be cost-effective. The sensitivity analyses
confirmed the results of the base case vaccinating with one dose
of PVV23, implying that varying the input parameters of the
model would not alter the conclusions. Vaccinating the 65-year
-old cohort with one dose of PCV13 is unlikely to be cost-
effective as the cost per QALY falls above (NOK 1268 291/EUR
129 154) the upper limit on the scale i.e., NOK 825 000 (EUR
84 011) per QALY.

We aimed to use Norwegian data where possible but
quality-of life impact, PnCAP outpatient data, vaccine effec-
tiveness and serotype distribution for pneumococcal pneu-
monia were not available. We acknowledge that using data
from other countries with different epidemiology and
healthcare systems may have impacted the results in either
direction, leading to either under or over-estimation. Since
not all data were available from Norway, we had to base
our model on other sources. Sweden and Norway are rela-
tively similar countries with subsidized health care services
for the population and with a similar burden of pneumo-
coccal disease.

Norway does not have their own local weights and value sets
for translating various health states into a quality-of-life score.
Therefore, utility values from the Netherlands and Sweden
were applied. We acknowledge that transferring utilities from
one country to another without an adjustment presents
a limitation in the study. However, we would not expect
there to be huge fluctuation among weights between Norway
and Sweden or the Netherlands.

The health-care perspective was used. Absenteeism from
work was ignored in part because of a lack of data on the
wider indirect societal costs of pneumococcal disease in



Norway. International guidelines favor using a societal per-
spective in cost-effectiveness analyses. Nonetheless, following
the Norwegian government’s guidance using a health-care
perspective makes the analysis pertinent and relevant to the
Norwegian context.*> Consequently, we did not consider labor
production in the analysis. We do, however, acknowledge
using the health care perspective only as a limitation as studies
from other countries indicate that including a variety of socie-
tal outcomes in the analysis may be essential.** Using the
health care perspective may imply that we have, in this
instance, underestimated the benefits of vaccination.

We are aware that the indirect effects phenomena of herd
immunity and serotype replacement are not readily captured
via static models.”” We acknowledge that the decision tree
does not accurately represent the nature of the disease and the
implied limitation of the work presented here. Nevertheless,
most recent cost-effectiveness analyses of either the PPV23 or
PCV13 vaccine have used a static approach.*® Herd immunity
from childhood vaccination has substantially reduced the
burden of pneumococcal disease in Norway, particularly of
pneumonia among older adults. However, serotype replace-
ment has partly offset these benefits. Introduction of newer
vaccines with broader serotype protection in the childhood
immunization programme could reduce the disease burden in
adults further, and thus reduce the cost saving from vaccina-
tion of adults. We do not expect PPV23 to reduce nasophar-
yngeal pneumococcal colonization, and we do not expect
indirect effects from vaccination of adults with PPV23. We
did not account for either herd immunity effects or serotype
replacement. This would require a dynamic approach.
However, since the uncertainty of quantifying the long-term
impact of indirect effects increases when indirect effects are
not implicitly included in the model,*® we ignored indirect
effects in this analysis.

The cost-effectiveness of vaccination (vs. no vaccination) is
typically more favorable when indirect effects are included than
when indirect effects are not included. However, as unvacci-
nated people are protected indirectly by those who are vacci-
nated this does not necessarily mean that the cost-effectiveness
of interventions to increase vaccination coverage or interven-
tions to expand vaccination to different population groups is
more favorable when indirect effects are included than when
indirect effects are not included. In this study, including the
ongoing (and increasing) indirect effects of childhood vaccina-
tion would likely make the cost-effectiveness results less favor-
able for vaccinating 65- and 75-year-olds.

Cross-protection between serotypes 6A and 6B and between
19A and 19F may be relevant but no absolute cross-protection
has been observed (and some vaccines will contain both 6A
and 6B). Thus cross-protection is deemed of limited clinical
significance and disregarded in the analysis.*’

A short time horizon of 5-years was used instead of the
generally preferred lifetime time horizon. International gui-
dance recommends a time horizon which is long enough to
capture the full spectrum of costs and benefits which in many
cases will be the lifetime of the cohorts modeled.*® A recent
report by the Joint Committee of Vaccination &
Immunization (JCVI) also emphasized the use of a lifetime
time horizon for vaccines.*” The 5-year time horizon may be
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too short to capture the impact for PCV13 which has longer
lasting protective effects. This may mean that the economic
value of PCV13 is underestimated. However, uncertainty
about how the epidemiology of Streptococcus pneumonia
develops over time with universal vaccination favors a short
time horizon. Because of changes in the vaccines used in the
child vaccination programme, it is likely that serotype repla-
cement will continue to evolve in the future. In addition, new
and expanded conjugate vaccines (15 and 20 serotypes) have
recently entered the market. The Norwegian Institute of
Public Health has started developing recommendations on
how these vaccines could replace or supplement the use of
PPV23 for older adults and adults with medical risk condi-
tions. This also supports the use of a relatively short time-
horizon in our analysis of PPV23.

We have described the limitations of the study above. In the
main, this study is limited by the extent to which geographic
transferability of data from study populations in other country
settings to a target population in Norway is deemed appropri-
ate. The resulting findings should be interpreted carefully in
view of this caveat.

Conclusion

A universal PPV23 vaccination programme against pneumo-
coccal disease for the 75-year-old cohort is cost-effective
(dominant) in the Norwegian setting. A universal PPV23 vac-
cination programme against pneumococcal disease for the 65-
year-old cohort is likely to be cost-effective in the Norwegian
setting, assuming a threshold scale between NOK 275 000
(EUR 28,004) per QALY and NOK 825 000 (EUR 84,011) per
QALY.
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