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Abstract

Background The morbidity and mortality of adult diseases caused by S. pneumoniae increase with age and presence
of underlying chronic diseases. Currently, two vaccine technologies against S. pneumoniae are used: the 23-valent
pneumococcal polysaccharide vaccine (PPV23) and the pneumococcal conjugate vaccines, one of which is the
20-valent pneumococcal conjugate vaccine (PCV20) that has recently been approved for adults.

Objective This study was conducted to investigate the cost-effectiveness of implementing PCV20 in a
reimbursement scheme for Norwegian adults aged 18-99 years at risk of pneumococcal diseases and those aged 65
years and older at low risk compared to PPV23.

Methods An established Markov model was adapted to a Norwegian setting to estimate the economic and clinical
consequences of vaccinating the Norwegian population in specific age and risk groups against pneumococcal
diseases. Inputs for the model were found in Norwegian or Danish real-world evidence or retrieved from available
studies. The costs and clinical outcomes were assessed using a health sector perspective and a lifetime time horizon.

Results The results showed that PCV20 was associated with better health outcomes including fewer disease cases,
fewer disease-attributable fatalities, a higher gain of life years and quality-adjusted life years compared to PPV23. In
addition, PCV20 had a lower total cost compared to PPV23. Therefore, PCV20 was the dominant vaccination strategy.
The base case result was investigated in multiple sensitivity analyses, which showed that the results were robust

to changes in input parameters and methodological assumptions, as PCV20 remained the dominant vaccination
strategy in almost all scenarios.

Conclusion Results showed that vaccinating the Norwegian adults with PCV20 was cost-effective compared

to PPV23. Changes in the hospital cost of pneumonia, the price of PCV 20, the effectiveness of PCV20 against
pneumonia, and the pneumonia disease incidence had the highest impact on the ICER, i.e., were the main drivers of
the results.
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Introduction

Pneumococcal diseases are common infections caused
by the bacterial species S. pneumoniae. Worldwide, it is
an important cause of infection and death among both
children and adults [1, 2]. Infections with S. pneumoniae
include both invasive pneumococcal diseases (IPD),
described as meningitis, bacteraemia, and bacterial
pneumonia, and non-invasive pneumococcal diseases,
such as community-acquired pneumonia (CAP) [1-3].
In Europe, S. pneumoniae is responsible for 20-30% of
all CAP cases, and it is well known that the non-invasive
pneumococcal diseases are three times more frequent
than IPD in hospitalised adults [4, 5]. The pathogenicity
and invasiveness of S. pneumoniae is determined by the
composition of the polysaccharides in the capsule, which
define the serotypes of the bacteria; currently, 100 dis-
tinct serotypes of S. pneumoniae are known [2, 6].

The morbidity and mortality of pneumococcal diseases
increase with age and the presence of underlying chronic
diseases [4, 7, 8]. To prevent IPD and CAP, vaccines have
been developed, and currently two types of pneumococ-
cal vaccines are available, the 23-valent pneumococcal
polysaccharide vaccine (PPV23) and pneumococcal con-
jugate vaccines (PCVs). The vaccines are based on dif-
ferent technologies and thus induce different immune
responses [9]. Vaccination with PCVs provide a robust
T-cell dependent immunisation as well as immunologi-
cal and mucosal memory, which is not induced by PPV23
[10, 11]. In addition, vaccination with PCVs provide lon-
ger-lasting effects than PPV23 [9, 12]. In a recent review
of studies, the effectiveness of the 13-valent pneumococ-
cal conjugate vaccine (PCV13) and PPV23 was investi-
gated on the same outcomes using similar methods and
populations and found the conjugate vaccine to provide
a superior protection against both pneumococcal disease
and respiratory infections more broadly [13]. But on the
other hand PCVs in Norway are associated with a higher
price than PPV23 [14].

In Norway, vaccination against pneumococcal diseases
is primarily financed in the childhood vaccination pro-
gramme, in which the 7-valent pneumococcal conjugate
vaccine (PCV7) was introduced in 2006 and replaced by
PCV13 in 2011 [5]. Introduction of PCVs in the child-
hood vaccination programme has resulted in a decrease
of the incidence of IPD caused by S. pneumoniae sero-
types covered by PCV13 in all age groups [15]. In addi-
tion, PCV13, as well as the recently-approved 15- and
20-valent pneumococcal conjugate vaccines (PCV15
and PCV20), are currently financed for selected medi-
cal high-risk groups and given in series with PPV23

according to the blue prescription (“bla resept”) for
people who are stem cell-transplanted or HIV-positive
and people with functional or anatomic asplenia [5, 16].
PCV13 and PCV15 are approved for both children aged
six weeks to 17 years and adults, whereas PCV20 is only
approved for adults. Even though pneumococcal vaccina-
tion is not financed in any other risk groups in Norway,
it is currently recommended that people with increased
risk of IPD receive PPV23, as it covers more serotypes
than PCV13, PCV15 and PCV?20.

However, the broader serotype protection of PCV15
and PCV20 compared to PCV13 narrows the serotype
coverage gap between PCVs and PPV23 [11]. In 2020
and 2021, 53% and 65% of the reported cases of IPD in
Norway were caused by serotypes covered by PCV20
and PPV23, respectively [11]. The protection against
CAP and IPD in PCV13 has been demonstrated in the
Community-Acquired Pneumonia Immunization Trial in
Adults (CAPITA) study [17]. As the serotypes of PCV13
are all included in PCV20, and PCV20 has shown non-
inferiority to PCV13, similar effects against CAP and IPD
can be expected. In contrast, studies have shown incon-
clusive results regarding the vaccine efficacy of PPV23
against CAP [13, 18, 19].

Based on the burden of pneumococcal diseases and
the economic impact of the diseases, this study aimed to
investigate the cost-effectiveness of PCV20 vaccination
of Norwegian adults aged>18 years at risk of pneumo-
coccal diseases and all adults aged=>65 years at low and
at risk of pneumococcal diseases compared to PPV23.
In the model, the at-risk group includes both immuno-
competent adults (typically considered at moderate risk
of pneumococcal diseases) and adults with immunocom-
promising conditions, who are not part of the current
blue prescription scheme (typically considered at high
risk of pneumococcal diseases).

Methods

To investigate the cost-effectiveness of PCV20 for adults
in Norway, a cost-utility model was adapted to a Norwe-
gian setting. The model has previously been adapted to a
Danish setting and is also described in a study by Olsen
et al. [20]. The cost-utility analysis was conducted using
a Markov transition model with one-year cycles. In the
model, the possible transitions of each cycle are related
to patients experiencing an event of IPD, defined as men-
ingitis or bacteraemia in the model, or pneumonia with
or without hospital contact. When patients experience
a pneumococcal disease, they can either die or recover.
In addition, patients can experience all three types of
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Fig. 1 Model structure

pneumococcal disease within one cycle. In Fig. 1, an
overview of the model structure and the possible transi-
tions are provided.

The study population was stratified by age and risk
of pneumococcal diseases. The age groups included in
the model were adults aged 18-49 years, 50—64 years,
65—74 years, 75-84 years, and 85-99 years. Based on
2019 data from Statistics Norway, the number of people
in each age group was estimated. 2019 data was used
because it represents the most recent data not influenced
by the COVID-19 pandemic [21]. Due to the initiatives
introduced during the COVID-19 pandemic, such as
lockdowns and social distancing, fewer cases of pneu-
mococcal diseases were observed; however, it is expected
that the number of disease cases will return to their pre-
pandemic levels. This is already apparent in Norwegian
IPD data, which show that the total number of IPD cases
in 2018 and 2019 was 582 and 600 cases, during the pan-
demic in 2020 and 2021 the number of IPD cases was 294
and 318, respectively. In 2022, the total number of IPD
cases was 517 and thus, almost returned to the level seen
in 2018 and 2019 [22]. In each age group, the popula-
tion was stratified to be at low risk, at risk or high risk
of pneumococcal disease. The share of people in each
age and risk group were determined using the 10th edi-
tion of the International Classification of Diseases (ICD-
10) codes to identify at-risk and high-risk diseases, and
the share of patients in each risk group was determined
using data for anyone with a diagnosis corresponding to
the risk groups between 2015 and 2019 from the Norwe-
gian Patient Registry (NPR) [23]. The at-risk group is, as
stated, a combination of patients at both moderate and

High risk

Table 1 Number of people in each age group and their
distribution into risk groups

Num- Percentage of people

ber of in each age and risk

people  group
Age Low Atrisk  High

risk risk

18-49 years 2,291,376 80.10% 19.71% 0.19%
50-64 years 995,487 59.86% 39.93% 0.21%
65-74 years 528,795 4216% 57.73% 0.11%
75-84 years 273,257 30.05% 69.87% 0.08%
85-99 years 115,710 3745% 62.50% 0.05%

Note: Risk groups refer to an individual’s risk of pneumococcal diseases based
on the presence of underlying chronic conditions. Low risk refers to adults with
no underlying chronic conditions. At risk refers to immunocompetent adults
with underlying chronic condition and immunocompromised adults, who are
not currently included in the Norwegian blue prescription (“blé resept”). High
risk refers to immunocompromised adults who are currently included in the
blue prescription. Sources: [21, 23]

high risk of pneumococcal disease for whom the pneu-
mococcal vaccines are currently not reimbursed. There-
fore, people at low risk constituted the remaining share
of the population in each age group. The share included
in each age and risk group is provided in Table 1. In the
model, it is possible for the population to change risk
group to a higher level of risk (see Fig. 1). A closed cohort
was used and therefore the model did not include a new
generation in each cycle.

The model included a lifetime time horizon to capture
costs and effects of the different vaccination strategies.
The time horizon is estimated based on the model hav-
ing an upper age limit of 99 years. As the model used a
closed cohort, the length of the lifetime time horizon is
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restricted to the age of the cohort at cycle 0 implying a
time horizon of 81 years (99 years minus 18 years).

Based on Norwegian guidelines, the included discount
rate was 4% in model years 0-39, 3% in model years
40-74, and 2% from model year 75 onwards [24]. The
perspective included in the model was a healthcare sec-
tor perspective, meaning that only costs accrued by the
public healthcare sector were included.

Incidence and mortality of IPD and pneumonia

The disease incidences for meningitis and pneumonia
with or without hospital contact are based on data from
NPR and the Norwegian Registry for Primary Health
Care and were estimated per 100,000 [23, 25]. Based on
the data available the incidence of bacteraemia was calcu-
lated as the incidence of meningitis subtracted from the
incidence of IPD. The incidence of IPD cases was identi-
fied through the Norwegian surveillance system for com-
municable diseases registry [22]. Inputs regarding the
incidence are presented in Table 2.

The mortality included both the mortality rate of the
general Norwegian population and the case fatality of
IPD and pneumonia. As there are no Norwegian data on
the case fatality of IPD and pneumonia, these inputs were
based on Danish data from the Danish National Patient
Registry and included as the average case fatality in the
years 2017 and 2018 [26]. Thus, it was assumed that
the case fatality is similar across the two countries. The
mortality is specified per 100 people for the general pop-
ulation and per 100 cases of disease for IPD and pneu-
monia. In addition, it was assumed that anyone who died
would be hospitalised beforehand, thus, no mortality was
assumed for pneumonia without hospitalisation. Mortal-
ity inputs of the general population and the case fatality
are presented in Table 2.

Vaccine coverage, efficacy and waning

Consistent with the study by Nymark et al., the vaccine
coverage of both PCV20 and PPV23 was assumed to be
75% of the population [5]. Therefore, in the first cycle of
the model, 75% of the 18—64-year-olds at risk of pneumo-
coccal diseases and 75% of the population aged 65 years
and older at either low risk or at risk of pneumococcal
diseases were modelled to receive vaccination.

As has previously been confirmed by Essink et al., the
immune response induced by PCV20 is non-inferior
to PCV13 for all 13 serotypes [12], and so the vaccine
efficacy and waning of PCV20 used in the model was
assumed to be equivalent to PCV13. Therefore, PCV20
vaccine efficacy and waning was based on data from the
CAPiTA study investigating people aged 65 years and
older [17]. For persons aged 65 years or older at low risk
or at risk, the initial PCV20 vaccine efficacy was assumed
to be 45% for pneumonia and 75% for IPD. Using data
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from Mangen et al. on the age-specific relative changes
in vaccine efficacy, the vaccine efficacy was extrapolated
to people aged 50—64 years [29]. Thus, it was assumed
that the initial vaccine efficacy of people aged 18-49
years was the same as persons aged 50—64 years. Based
on data and post-hoc analyses of the CAPiTA study, it
was assumed that the vaccine efficacy of PCV20 did not
decrease within five years of vaccination [17, 30]. After
five years, the annual waning of PCV20 was included
in the model based on estimates by Mangen et al., who
specified an annual decline in the vaccine efficacy of 5%
in year 6-10, 10% in years 11-16, and after year 16, no
vaccine efficacy was assumed [29].

The vaccine efficacy of PPV23 against IPD used in the
model was based on data from Public Health England
identified through a study by Djennad et al. [19]. To
estimate the vaccine efficacy for all age groups included
in the model, a logarithmic curve was fitted to the data
available from Djennad et al. in the age groups 65-74
years, 75—-84 years, and 85-99 years. Waning of PPV23
against IPD was also estimated based on Djennad et al.
[19] with a linear decline to 76.2% of initial vaccine effi-
cacy by year 5 followed by a linear decline to no efficacy
by year 10. Thus, it was assumed that after 10 years,
PPV23 had no vaccine efficacy against IPD, which is
supported by Berild et al. [31]. As multiple studies have
documented a lack of vaccine efficacy against pneumo-
nia, it was assumed that PPV23 had no effect against
non-bacteremic pneumonia [32-36]. An overview of the
vaccine efficacy of both PPV23 and PCV20 is presented
in Table 3.

For the vaccine efficacy of both PCV20 and PPV23, an
adjustment was performed based on the definition of risk
groups in the model, where the high-risk group only con-
stitutes patients who currently hold a blue prescription
(stem cell-transplanted, HIV-positive or with missing
spleen function), meaning that the at-risk group includes
immunocompromised patients who would usually be
identified as high risk. Therefore, a weight was calculated
representing the proportion of people in the at-risk group
who would typically be categorised as high risk (20%) and
multiplying it by the vaccine efficacy of high risk. The
remaining proportion at risk (80%) was multiplied by the
vaccine efficacy for at-risk adults.

The vaccine serotype coverage, presented in Table 4,
refers to the percentage of IPD and pneumonia cases that
the vaccines protect against. Based on 2019 data from
the European Center for Disease prevention and Control
(ECDQ), it was possible to identify Norwegian data on
the serotype coverage against IPD in the age groups<1
year, 1-4 years, and 265 years [37]. Thus, no data for
the age group 5-64 years was presented; however, as
the total number of IPD cases was provided, it was pos-
sible to calculate the serotype coverage for this group.
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Table 3 Vaccine efficacy against IPD and pneumonia
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IPD Pneumococcal pneumonia

Age/risk group Year 1 Year 5 Year 10 Year 15 Year 16+  Year1 Year 5 Year 10 Year 15 Year
16+

PCV20
18-49 years
Low risk 82% 82% 63% 37% 0% 56% 56% 43% 23% 0%
At risk 78% 78% 61% 36% 0% 53% 53% 41% 24% 0%
High risk 65% 65% 50% 30% 0% 44% 44% 34% 20% 0%
50-64 years
Low risk 79% 79% 61% 36% 0% 51% 51% 40% 23% 0%
At risk 76% 76% 59% 35% 0% 49% 49% 38% 23% 0%
High risk 63% 63% 49% 29% 0% 41% 41% 32% 19% 0%
65 +years
Low risk 75% 75% 58% 34% 0% 45% 45% 35% 21% 0%
At risk 72% 72% 56% 33% 0% 43% 43% 33% 20% 0%
High risk 60% 60% 46% 27% 0% 36% 36% 28% 16% 0%
PPV23
18-49 years
Low risk 59% 45% 0% 0% 0% - - - - -
At risk 30% 23% 0% 0% 0% - - - - -
High risk 17% 13% 0% 0% 0% - - - - -
50-64 years
Low risk 58% 44% 0% 0% 0% - - - - -
At risk 29% 22% 0% 0% 0% - - - - -
High risk 17% 13% 0% 0% 0% - - - - -
65-74 years
Low risk 56% 42% 0% 0% 0% - - - - -
At risk 28% 21% 0% 0% 0% - - - - -
High risk 16% 12% 0% 0% 0% - - - - -
75-84 years
Low risk 51% 39% 0% 0% 0% - - - - -
At risk 25% 19% 0% 0% 0% - - - - -
High risk 15% 11% 0% 0% 0% - - - - -
85-99 years
Low risk 38% 29% 0% 0% 0% - - - - -
At risk 19% 14% 0% 0% 0% - - - - -
High risk 11% 8% 0% 0% 0% - - - - -

Note: The table shows the vaccine efficacy and waning of PPV23 and PCV20 against IPD and pneumonia between year 1 and 16 after vaccination. In the base case
analysis, PPV23 was assumed not to have any efficacy against pneumonia. Confidence intervals are provided in parentheses. IPD: invasive pneumococcal diseases;
PCV20: 20-valent pneumococcal conjugate vaccine; PPV23: 23-valent pneumococcal polysaccharide vaccine. Sources: [17, 19, 29]

Table 4 Vaccine serotype coverage of PCV20 and PPV23 against

IPD

Age PCV20 PPV23
18-49 years 754% 79.5%
50-64 years 75.4% 79.5%
65-74 years 53.1% 66.5%
75-84 years 53.1% 66.5%
85-99 years 53.1% 66.5%

Note: The vaccine serotype coverage of PCV20 and PPV23 against IPD was
based on data from 2019. IPD: invasive pneumococcal diseases; PCV20:
20-valent pneumococcal conjugate vaccine; PPV23: 23-valent pneumococcal
polysaccharide vaccine. In the base case analysis, the vaccine serotype coverage
against pneumonia was assumed to be identical with the one of IPD presented
in this table. Source: [35]

As it was not possible to stratify the data further into the
age and risk groups used in the model, the ECDC data
for 5-64-year-olds were used for the age groups of both
18-49 years and 50—64 years. In addition, the ECDC data
for >65-year-olds were used for the models age groups of
65—74 years, 75—84—years, and 85-99 years. The vaccine
serotype coverage for pneumonia cases was assumed to
be the same as that of IPD. The IPD serotype distribution
is only applied to pneumonia cases thought to be caused
by S. pneumoniae, which is assumed to be 30% of all-
cause pneumonia [5] Therefore, the IPD vaccine serotype
coverage was multiplied by 30% to estimate the serotype
coverage against pneumonia.
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Table 5 Utility values based on age and risk group and disutility associated with events of IPD and pneumonia

General population utilities

Disutility due to disease

Age Low risk Atrisk Highrisk Bacteraemia Meningitis Pneumonia with hospital contact Pneumonia without hospital contact
18-49 years 0.9564 0.7745 0.7346 -0.13 -0.13 -0.13 -0.004
50-64 years 0.9335 0.7234 0.6852 -0.13 -0.13 -0.13 -0.004
65-74 years 09283  0.7308 0.7082 -0.13 -0.13 -0.13 -0.004
75-84 years 0.8921 0.6799 0.6607 -0.13 -0.13 -0.13 -0.004
85-99 years 0.8191 0.6038 0.5643 -0.13 -0.13 -0.13 -0.004

Sources: [39-41]

Herd immunity

The model included the effect of herd immunity from the
childhood vaccination programme on IPD and pneumo-
nia incidence. The effect of herd immunity was estimated
based on a report by the Norwegian Institute of Pub-
lic Health in which the IPD incidence before and after
introduction of PCVs in the childhood vaccination pro-
gramme in 2006 were provided in the population aged 65
years and older [38]. Data before introduction was based
on year 2004 and 2005, when the IPD incidence was 75.6
per 100,000 persons, and which was reduced to an IPD
incidence of 37.8 per 100,000 persons by 2017. Based on
these estimates, it was possible to determine the annual
reduction in IPD cases attributable to herd immunity
during the 12.5 years (from mid-2004 to 2017), which
was found to be 3.02%. As the report by the Norwegian
Institute of Public Health was only based on the popu-
lation aged 65 years and older, it was assumed that the
estimated effect of herd immunity also applied for the
population aged 18 to 64 years. In addition, the report
only included the effect of herd immunity on IPD and
not pneumonia; thus, it was assumed that the IPD herd
immunity also applied for pneumonia. However, as S.
pneumoniae according to Nymark et al. only accounts for
30% of all pneumonias [5], the effect of herd immunity
against pneumonia only accounts for 30% of the yearly
reduction in IPD cases of 3.02%, equal to a yearly reduc-
tion of pneumonia cases of 0.91%.

Health-related quality of life

There is no health-related quality of life (HRQoL) data
for the general Norwegian population which is stratified
by both age and risk group. Therefore, this model used
HRQoL data from a study by Ara and Brazier which
investigated utility values in an English population based
on age and medical history [39]. The age-specific util-
ity data for people at low risk in the model was based on
those who had no medical history, whereas a medical
history of diabetes, heart attack, heart disease or hyper-
tension was used for the at-risk population in this model.
The utility data of the high-risk population was based on
individuals with cancer. In Table 5, the utility values are
presented based on age and risk group.

Table 6 Vaccination and treatment costs

DRG-code Unit prices, Sourc-

EUR es
Vaccination costs
PCV20 - 77.08 [14]
PPV23 - 26.62 [14]
Administration costs - 46.96 [5]
Treatment costs
Bacteraemia 416N 11,454.45 [43]
Meningitis 20 12,386.31 [43]
Pneumonia with hospital contact 89 5,909.44 [43]
(At risk and High risk)
Pneumonia with hospital contact 90 4,133.38 [43]
(Low risk)
Pneumonia without hospital - 4532 [5, 44]
contact

Note: Overview of the costs included in the model. DRG: diagnosis-related
groups; PCV20: 20-valent pneumococcal conjugate vaccine; PPV23: 23-valent
pneumococcal polysaccharide vaccine

In the model, people who experience an event of IPD
or pneumonia with hospital contact will have a reduc-
tion of the annual HRQoL of 0.13 regardless of age and
risk group. This reduction is based on a study by Man-
gen et al., who investigated the quality of life in patients
aged 65 years and older hospitalised with pneumonia in
the Netherlands [40]. An event of pneumonia without
hospital contact was associated with an annual reduction
in HRQoL of 0.004 based on a study by Melegaro and
Edmunds [41].

Costs

As a health sector perspective was applied in the model,
the analysis included costs associated with vaccina-
tion and treatment of IPD and pneumonia. All costs
are presented in euros (EUR) using the exchange rate
of 0.0966 from Norwegian kroner (NOK) to EUR based
on the average exchange rate between 6 and 2022 and 6
December 2022 [42]. All costs are presented at the 2022
price level. Costs included in the model are presented in
Table 6.

The vaccination cost included both the price of the
vaccine and administration costs. The vaccine prices
were identified through Legemiddelsok.no in October
2022 [14], based on the maximum pharmacy retail price
excluding the value added tax (VAT), to comply with



Malene B et al. Cost Effectiveness and Resource Allocation

guidelines from the Norwegian Medicines Agency [24].
Administration costs included the fee-for-service of a
general practitioner (GP) consultations, which is cal-
culated by multiplying the remuneration amount from
“Normaltariffen” by two to comply with guidelines from
the Norwegian Medicines Agency [24] and the cost of
one subcutaneous injection. Based on the closed cohort,
all vaccination costs occurred in the beginning of the
model.

All treatment of IPD and pneumonia with hospital
contact were assumed to occur within the hospital sec-
tor, assuming no outpatient care. All costs associated
with inpatient care were identified using the Norwegian
diagnosis-related group (DRG) tariffs [43]. Patients expe-
riencing events of pneumonia without hospital contact
received outpatient care, in which one GP visit and the
costs of antibiotics were included based on the studies by
Nymark et al. and Wollf et al. [5, 44].

Sensitivity analyses

The uncertainty of the model was investigated in one-
way sensitivity analyses (OWSA), scenario analyses and
probabilistic sensitivity analysis (PSA). In the OWSA,
the uncertainty of input parameters and methodological
assumptions were evaluated by varying each parameter
one at time, using a+20% for inputs for disease inci-
dence, mortality, vaccine efficacy of PCV20 and PPV23,
and costs. For the remaining inputs of utility, disutility,
proportion of pneumonia due to S. pneumonia and the
proportion of IPD due to vaccine serotypes, the uncer-
tainty was investigated with £10%.

Multiple scenario analyses were conducted to evalu-
ate the impact of alternative inputs of the methodologi-
cal assumptions regarding the vaccine efficacy of PPV23
against pneumonia, vaccine coverage, usage of the IPD
distribution of serotype coverage for pneumonia, the
length of the time horizon (5 and 10 years), the discount
rate (0% and 7%), the disutility of IPD and the choice of
comparator on the base case results. The scenario analy-
sis including the vaccine efficacy of PPV23 against pneu-
monia used inputs from a study by Lawrence et al., who
found an efficacy of 25.7% among persons aged 16-74
years and 4.7% among persons aged 75 years and older
[45]. The vaccine coverage was assumed to be 75% based
on Nymark et al. However, this assumption was associ-
ated with uncertainty, as the data from the Norwegian
Immunisation Registry SYSVAK and NPR indicated a
lower pneumococcal vaccine coverage [23, 25]. There-
fore, scenario analyses with the vaccine coverage set to
25%, 50% and 100% were conducted. Scenario analyses
were also performed to investigate the impact of serotype
distribution and coverage of PCV20 on the number of
pneumonia cases requiring hospitalisation. Data regard-
ing the percentage of pneumonia caused by serotypes
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of S. pneumoniae, which are covered by PCV20 used for
the sensitivity analyses were based on a Danish study
by Benfield et al. and a Swedish study by Theilacker et
al. [46, 47]. The serotype distributions of Benfield et al.
and Theilacker et al. were adjusted by the 30% of pneu-
monia cases that are caused by S. pneumoniae. Therefore,
the PCV20 serotype coverage was changed to 15.2% for
patients aged 65 years and older and 20.7% for patients
aged 18-64 years using Theilacker et al. and 16.9% using
Benfield et al. [46, 47]. A scenario analysis in which the
disutility of IPD was increased by 100% to capture that
IPD is assumed to constitute more severe illness than
pneumonia with hospital contact was also conducted. In
addition, a scenario analysis comparing PCV20 with no
vaccination was included to investigate PCV20 to the
current standard practice of vaccination against pneumo-
coccal diseases in Norway. Finally, a scenario assuming
linear waning to 0% between years 5 and 15 for PCV20
and a scenario setting the herd immunity effect to 0%
were included.

To assess the joint uncertainty of the input parameters,
a probabilistic sensitivity analysis (PSA) with 1,000 itera-
tions was performed. A normal distribution was used for
input parameters related to disease incidence, mortal-
ity and the vaccine prices. Beta distributions were used
for parameters of utility, disutility, vaccine efficacy, the
proportion of pneumonia due to S. pneumoniae and the
proportion of IPD vaccine serotypes. Costs related to
treatment were included in the PSA using a gamma dis-
tribution. Standard deviations for the applied distribu-
tions were derived.

Results

Results of the base case analysis are shown in Table 7.
The results indicate that PCV20 is associated with fewer
cases of pneumococcal diseases and fewer associated
deaths compared to PPV23 using a lifetime time horizon
of 81 years. PCV20 resulted in 1,539 fewer cases of bacte-
riaemia, 98 fewer cases of meningitis, 26,867 fewer cases
of pneumonia with hospital contact, and 30,149 fewer
cases of pneumonia without hospital contact compared
to vaccination with PPV23. Similarly, PCV20 resulted
in 330 and 1,055 fewer deaths due to IPD and pneumo-
nia, respectively. In addition, the life year gain was 7,584
higher and the QALY gain was 7,966 higher for PCV20
than PPV23.

PCV20 is a more costly vaccine than PPV23; therefore,
the cost of vaccination was EUR 67,200,826 higher when
vaccinating with PCV20. When costs associated with
treatment of IPD and pneumonia at the hospital and pri-
mary sector were investigated, it was found that PCV20
resulted in a lower cost of EUR 139,712,512 in hospital
costs and EUR 1,095,659 in primary sector costs than
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Table 7 Base case results

PPV23 PCV20 Increments
Clinical outcomes
Number of IPD cases
- Bacteraemia 28,602 27,064 -1,539
- Meningitis 1,345 1,247 -98
Number of pneumo-
nia cases
- With hospital contact 2,255,906 2,229,039 -26,867
- Without hospital 2,794,766 2,764,617 -30,149
contact
Number of deaths due 7,004 6,674 -330
to IPD
Number of deaths due 122,412 121,357 -1,055
to pneumonia
Life years gained 70,392,931 70,400,516 7,584
- Life years per person  16.77 16.77 0.0018
QALYs gained 60,123,775 60,131,741 7,966
- QALYs per person 14.32 14.33 0.0019
Economic outcomes
(EUR)
Total costs 5,599,670,010 5,526,062,665 -73,607,345
- Total costs per 1,334 1317 -17.54
person
Healthcare costs
- Vaccination costs 35,453,377 102,654,202 67,200,826
- Hospital sector 5,445,778,380 5,306,005869  -139,712512
- Primary sector 118,438,253 117,342,594 1,095,659

Cost-effectiveness

- Incremental costs per -9,705 (PCV20 is the dominant strategy)
life year gained

- Incremental costs per -9,240 (PSV20 is the dominant strategy)
QALY gained

Note: The table shows the clinical and economic outcomes of the base case
analysis for each vaccination strategy and the increments between the
strategies. Both the accumulated and per person QALYs, life years and total
costs are presented. QALY: Quality-adjusted life years; ICER: Incremental
cost-effectiveness ratio; IPD: Invasive pneumococcal diseases; PCV20:
20-valent pneumococcal conjugate vaccine; PPV23: 23-valent pneumococcal
polysaccharide vaccine

PPV23. This resulted in PCV20 having a total cost that
was EUR 73,607,345 lower than PPV23.

As PCV20 resulted in a higher QALY gain at a lower
total cost compared to PPV23, the estimated incremental
cost-effectiveness ratio (ICER) was negative (-9,240 EUR
per QALY gained), indicating that PCV20 is the domi-
nant vaccine strategy compared to PPV23.

Sensitivity analyses
The OWSA showed that the results were robust to
changes in the input parameters when they were changed
one at a time. And thus, in all OWSA, PCV20 remained
the dominant vaccine strategy when compared to PPV23.
A tornado diagram of the 12 parameters with the highest
impact on the result is shown in Fig. 2.

The scenario analyses showed that despite using alter-
native inputs for the vaccine coverage of the population,
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including vaccine efficacy of PPV23 against pneumonia,
changing the time horizon, using different discount rates
and increased disutility associated with IPD, and using
different inputs for PCV20’s waning and herd immunity,
the results were robust. However, when the time horizon
was changed to five years or PCV20 was compared to no
vaccine, the results showed that PCV20 was associated
with a greater health gain than PPV23 or no vaccine but
at an additional cost, resulting in positive ICER estimates
of EUR 1,437 per QALY gained and EUR 2,292 per QALY
gained, respectively, see Table 8.

Results of the PSA are illustrated in an ICER plane in
Fig. 3. The ICER plane shows that in the 1,000 iterations
performed during the PSA, 100% resulted in PCV20 hav-
ing a greater QALY gain at a lower cost compared to
PPV23; thus, PCV20 remained the dominant strategy in
all iterations. Based on the 1,000 iterations of the PSA,
the average incremental QALYs were estimated to 7,990
and the average incremental costs were estimated to EUR
—73,198,717, resulting in an ICER of EUR -9,161 per
QALY gained.

Discussion
This study investigated the health benefits and costs of
vaccinating Norwegian adults aged 18 years and older at
risk of pneumococcal diseases and adults aged 65 years
and older at low risk or at risk of pneumococcal diseases
with PCV20 compared to PPV23. The results empha-
sised that PCV20 was associated with a higher QALY
gain and lower total costs than PPV23, and thus, PCV20
constituted the dominant vaccine strategy. The robust-
ness of the results was evaluated through multiple sensi-
tivity analyses, of which the majority showed that PCV20
remained the dominant vaccine strategy. Similar results
of PCV20 being the dominant vaccine strategy compared
to PPV23 have been identified in an English setting by
Mendes et al,, who evaluated the cost-effectiveness in
adults aged 18 to 64 years with underlying conditions and
all adults aged 65 to 99 years [48]. Thus, even though the
serotype coverage is better for PPV23 (four more sero-
types than PCV20) the outcomes are better for PCV20
as PCV20’s efficacy is expected to be higher, its duration
of protection longer, and to confer protection against
non-bacteremic pneumonia similarly to PCV13. These
attributes outweigh the serotype gap among adults in
Norway. Indeed, while there is PPV23-type disease not
preventable by PCV20, the majority is non-bacteremic
pneumonia which is also not preventable by PPV23.
However, when the time horizon was reduced to five
years or when PCV20 was compared to no vaccine, it
resulted in positive ICERs, indicating that PCV20 is asso-
ciated with a greater gain in health at a higher cost than
the comparator. As there is no official cost-effectiveness
threshold in Norway, it is not possible to determine
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Medical Costs, inpatient all-cause nbp (hospital cost) (80%, 120%)

Vaccine price, PCV20 (80%, 120%)

Effectiveness of PCV20, inpatient/outpatient all-cause nbp (80%, 120%)

Disease incidence, inpatient all-cause nbp (80%, 120%)

Mortdlity, inpatient dll-cause nbp case-fatality (80%, 120%)

Proportion of NBP due to S. pneumoniae (90%, 110%)

Vaccine price, PPV23 (80%, 120%)

Utility/disutility, age-specific utility (0%, 110%)

Medical Costs, bacteraemia (hospital cost) (80%, 120%)

Mortdlity, bacteraemia case-fatality (80%, 120%)

Utility/disutility, ufility reduction due to inpatient all-cause nbp (90%, 110%)
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Incremental cost per QALY

Fig. 2 Tornado diagram showing the 12 input parameters with the highest impact on the incremental cost-effectiveness ratio

Note: NBP: Non-bacteraemic pneumonia

which of the vaccine strategies would be deemed cost-
effective. Despite this, it should be emphasised that the
ICERs were very low (EUR 1,437 and EUR 2,292 per
QALY gained) in both the scenario of a short time hori-
zon and when compared to no vaccine.

The cost-effectiveness of implementing a univer-
sal pneumococcal vaccination programme of PPV23
for older adults in Norway has previously been investi-
gated by Nymark et al., who found that a universal vac-
cination programme was expected to be cost-effective
among those older than 75 years (ICER in the lower end
of the cost-effectiveness threshold range). Among those
older than 65 years a universal vaccination programme
was likely to be cost-effective according to Nymark et
al. [5]. Therefore, it should be emphasised that imple-
menting PCV20 in a universal pneumococcal vaccina-
tion programme in Norway could be favourable, as the
current study found PCV20 to be cost-effective com-
pared to PPV23. The cost-effectiveness of implementing
PCV20 in a universal vaccination programme was also
investigated in a scenario analysis that compared PCV20

to no vaccine, which is the current standard practice in
Norway. This scenario analysis showed that PCV20 was
associated with an additional cost of EUR 2,292 per extra
QALY gained compared to no vaccine. As it is a low
ICER, it is possible that PCV20 would be deemed cost-
effective. Notably, an ICER of NOK 275,000 (EUR 26,572)
per QALY gained was assumed cost-effective even at the
lowest level of disease severity by a task force formed by
the Norwegian Ministry of Health and Welfare in 2015
[49], well above the ICER identified in this study. Further
in 2010, the Norwegian Medicines Agency assessed that
HPV vaccination of 14—16 years old girls were cost-effec-
tive with an estimated ICER of NOK 48,000 (4,638 EUR)
per QALY [50].

Differences in the efficacy and effectiveness of PPV23
and PCV20 have been observed, especially with regard
to the protection against pneumonia, in which the effec-
tiveness of PCV vaccines have been identified as high
as 72.8%, whereas PPV23 has showed either little or no
effect by offering only 2-3% protection [13, 51-53].
For the base case analysis, no vaccine efficacy of PPV23



Malene B et al. Cost Effectiveness and Resource Allocation

Table 8 Results of scenario analyses
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Total incremen- Total ICER (cost AICER (%)

tal cost (EUR) incremen- per QALY com-
tal QALYs  gained) pared to
gained base case

Base case analysis -73,607,345 7,966 -9,240 -
Efficacy and waning of PPV23 vaccine using estimates by Lawrence et al. -59,801,031 7,341 -8,146 +12%
Vaccine coverage 25% -24,535,782 2,655 -9,240 -
Vaccine coverage 50% -49,071,563 5311 -9,240 -
Vaccine coverage 100% -98,143,127 10,622 -9,240 -
PCV20 serotype coverage against pneumonia: -69,346,273 7,881 -8,799 +5%
Benfield et al. (16.9% for all age groups)
PCV20 serotype coverage against pneumonia: -66,352,656 7,615 -8,713 +6%
Theilacker et al. (20.7% 18-64 years and 15.2% +65 years)
Time horizon 5 years 3,027,134 2,107 1,437 +116%
Time horizon 10 years -45,175157 4,474 -10,098 -9%
Discount rate 0% -109,818,187 12,119 -9,062 +2%
Discount rate 7% -53,778,375 6,185 -8,695 +6%
Disutility of IPD increased by 100% -73,607,345 8,097 -9,091 +2%
PCV20 compared with no vaccination 19,529,114 8,519 2,292 +125%
PCV 20 linear waning to 0%, year 5-15 -48.964.932 6.468 -7,570 +18%
Herd immunity effect set to 0% -75,156,959 8,017 -9,313 -1%

Note: The table shows the results of the scenario analyses according to the total incremental costs and QALYs between PCV20 and PPV23 and the calculated ICER

ICER: Incremental cost-effectiveness ratio; QALY: Quality-adjusted life years; IPD: Invasive pneumococcal diseases; PCV20: 20-valent pneumococcal conjugate

vaccine; PPV23: 23-valent pneumococcal polysaccharide vaccine
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Fig. 3 Results of the probabilistic sensitivity analysis illustrated in a cost-effectiveness plane

against pneumonia was assumed. Therefore, the higher
vaccine efficacy of PCV20 against pneumonia used in
this model results in better avoidance of pneumonia
cases with PCV20. Using different studies of the vac-
cine efficacy of PPV23 against pneumonia could result

in different results on cost-effectiveness. However, when
the vaccine efficacy of PPV23 against pneumonia was
changed to that found by Lawrence et al. [45], the cost-
effectiveness was re-evaluated and showed that PCV20
remained dominant.
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The assumption that the serotype distribution of pneu-
monia is identical with that of IPD was investigated in a
series of sensitivity analyses. The purpose of this was to
investigate the impact of the serotype distribution and
serotype coverage of PCV20 on the number of pneu-
monia cases requiring hospitalisation compared to the
base case. When the serotype coverage was changed to
both a higher and lower level than the base case, PCV20
remained dominant, and thus, the assumption did not
substantially impact the cost-effectiveness results.

The percentage of cases due to vaccine serotypes was
assumed to be constant over time which is a limitation
as paediatric introduction of PCV15 or higher valency
PCVs not yet available may lead to serotype replacement.
Predicting future serotype replacement is challenging
and was not attempted in the current analysis. However,
only replacement by the four PPV23 serotypes not con-
tained in PCV20 would be expected to affect the ICER in
the comparison against PPV23.

The assumption of a 75% vaccine coverage was based
on Nymark et al., who assumed a 75% vaccination cover-
age among adults aged 65 years [5]. Therefore, it is pos-
sible that the vaccine coverage among adults aged 18-64
years is overestimated. In general, the vaccine coverage
used in this analysis was high, as the pneumococcal vac-
cine uptake among adults in Norway are approximately
15% [15], indicating that the reality in Norway differs
considerably from the base case analysis of this model, in
which a 75% vaccine coverage was assumed. The use of a
higher vaccine coverage is also supported by the current
vaccine coverage of COVID-19 and influenza in Norway,
which is above 90% and 62%, respectively [54]. As the
vaccine coverage is the same for PCV20 and PPV23, using
a higher coverage will impact the results by resulting in
both higher health gains and costs. When the impact of
vaccine coverage was investigated through multiple sce-
nario sensitivity analyses, the ICER remained negative,
with PCV20 being the dominant vaccine strategy.

Inputs for the model regarding the disease incidence
and mortality rate of the general Norwegian population
at low risk were based on real-world evidence from Sta-
tistics Norway and Norwegian patient registries. When
registry data is used it is important to emphasise that it
only reflects the data, which has been reported. There-
fore, it is possible that the registry data is not the exact
truth. However, the use of registry data is a strength, as
it ensures that the model illustrates a Norwegian set-
ting. As Norwegian data was not available for all inputs,
it was necessary to use foreign data, which can be a
limitation, as transferability of data across countries
can be questionable due to differences in the delivery
of healthcare and demographics of the population [55].
The data regarding mortality was based on Danish real-
world evidence, which was used due to generally similar
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populations in the Nordic countries. When Danish mor-
tality data on people at low risk were compared to that of
Norway, the data were found to correspond well. How-
ever, as risk groups are defined differently in Norway and
Denmark, cf. the Danish adaption of the model [20], the
Danish mortality rates applied in the Norwegian model
adaption could result in either higher or lower mortality
estimates.

The utility data used in the model were based on the
study by Ara and Brazier and an English population [39].
This study was used to include utility values stratified by
both age and risk groups, as there are no available Nor-
wegian utility data which are stratified by risk groups.
The use of utility values from Ara and Brazier was vali-
dated by comparing the values found by Ara and Brazier
in the no-risk group with the Norwegian age-specific
utility values used by the Norwegian Medicines Agency
[24]. A great similarity between the utility values of the
age groups was found; however, a general tendency of
the Norwegian utility values being slightly lower than the
English values from Ara and Brazier was identified, i.e.,
the population aged 71-80 years in Norway has a utility
value of 0.808. This difference could be explained by the
Norwegian utility values representing the general popu-
lation across all risk groups. Therefore, the Norwegian
utility values represent a weighted average across all risk
groups.

The utility values of the high-risk group was, as stated,
based on people with cancer in Ara and Brazier [39].
However, this does not match the description of high-
risk patients in the Norwegian adaption, as the high-risk
group only comprises patients who currently hold a blue
prescription. The decision to base high-risk utility values
on cancer is based on the available literature from Ara
and Brazier, in which cancer represents the best knowl-
edge of a disease that is usually categorised as high risk,
even though it is not included as high risk in the current
model. This is not expected to impact the results, as the
main difference in utility values of the risk groups is seen
between low risk and at risk, not at risk and high risk,
indicating that it will not affect the model outcomes to
use cancer as a proxy for high risk. In addition, the at-
risk utility values were based on only a few diseases, i.e.,
diabetes, heart attack, hypertension, and other heart dis-
eases. Therefore, the at-risk utility values are estimated
on a limited number of diseases categorised as at risk and
is potentially overestimated or underestimated.

The model included conservative assumptions for both
costs and utility inputs, all of which could influence the
results by either overestimating or underestimating the
cost-effectiveness of PCV20 and were therefore assessed
in sensitivity analyses. One of the conservative assump-
tions was that the disutility of IPD was the same as for
pneumonia with hospital contact. In general, it would
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be expected that IPD is associated with a higher level of
disutility than pneumonia with hospital contact, as IPD
is expected to constitute more severe diseases than pneu-
monia. This assumption was investigated in a sensitivity
analysis in which the disutility of IPD was increased by
100%, and the analysis showed that PCV20 remained the
dominant vaccine strategy. Therefore, the decision to use
a conservative input of IPD disutility did not influence
the results of the analysis. Another conservative assump-
tion included was to exclude revaccination of PPV23.
According to the guidelines of the Norwegian Institute of
Public Health, people should be revaccinated with PPV23
every six years, whereas no revaccination of PCV20 is
needed [11]. Therefore, the exclusion of PPV23 revac-
cination resulted in a lower vaccination cost of PPV23.
However, the inclusion would only have increased the
cost-effectiveness of PCV20.

The model used a health-service perspective; there-
fore, the analysis did not include costs of patient time and
transportation or any indirect costs from productivity
loss. However, according to guidelines from the Norwe-
gian Medicines Agency, an extended health-service per-
spective should be used, and therefore, both patient time
and transportation should be included [24]. These costs
were excluded based on lack of data of number of con-
tacts that patients have along with the travel time.

Conclusion

Results of this study showed that vaccinating the Nor-
wegian population aged 18 to 99 years at risk of pneu-
mococcal diseases and the population aged 65 years
and older at low risk with PCV20 was cost-effective
compared to PPV23. The anticipated reduction in cases
of pneumococcal diseases and deaths would offset the
incremental cost of PCV20 through reduction in treat-
ment costs, and this result of PCV20 being the dominant
vaccine strategy remained consistent through numerous
sensitivity analyses; the few scenarios which indicated
PCV20 would incur little incremental cost for the health
benefits accrued. Broadening access to adult pneumococ-
cal conjugate vaccines beyond the highest-risk patients in
Norway should be considered.
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