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Abstract

Background

The Belgian Superior Health Council (SHC) recently added a 13-valent pneumococcal con-
jugate vaccine (PCV13) to its recommendations for adult pneumococcal vaccination. This
study addresses the policy question regarding whether a single dose of PCV13 should be
reimbursed among Belgian adults aged 65-84 years with chronic comorbidities (“moderate-
risk”) orimmunosuppression (“high-risk”).

Methods

A cohort model was developed to project lifetime risks, consequences, and costs of invasive
pneumococcal disease (IPD) and pneumococcal community-acquired pneumonia (CAP).
Parameter values were estimated using published literature and available databases, and
were reviewed by Belgian experts. PCV13 effectiveness was assumed to be durable during
the first 5 years following receipt, and to progressively decline thereafter with 15 years pro-
tection. The Belgian National Health Insurance perspective was employed.

Results

Use of PCV13 (vs. no vaccine) in moderate/high-risk persons aged 65—84 years (n =
861,467; 58% vaccination coverage) would be expected to prevent 527 cases of IPD, 1,744
cases of pneumococcal CAP and 176 pneumococcal-related deaths, and reduce medical
care costs by €20.1 million. Vaccination costs, however, would increase by €36.9 million
and thus total overall costs would increase by €16.8 million. Cost per QALY gained was
€17,126. In probabilistic sensitivity analyses, use of PCV13 was cost-effective in 97% of
1,000 simulations.
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Conclusions

Reimbursement of PCV13 in moderate/high-risk Belgian adults aged 65-84 years would be
cost-effective from the Belgian healthcare perspective.

Introduction

Streptococcus pneumoniae causes significant morbidity and mortality worldwide in both
children and adults. Invasive pneumococcal disease (IPD)—including bacteremia and men-
ingitis—is the most serious manifestation because of its high mortality rate, but is relatively
uncommon. Nonbacteremic/noninvasive pneumococcal community-acquired pneumonia
(CAP) has a much higher incidence rate and also is associated with significant morbidity,
mortality, and healthcare costs. While widespread childhood use of pneumococcal conju-
gate vaccines has reduced the incidence of invasive pneumococcal disease, the burden of
both invasive and noninvasive disease in older adults remains substantial [1-4].

Routine immunization is the principal means of preventing pneumococcal infection, and
while a 23-valent pneumococcal polysaccharide vaccine (PPV23) has been available in Belgium
since 1995, it has been infrequently administered among older adults [5]. Considering the
remaining vaccine-preventable disease burden, in April 2015, the Belgian Superior Health
Council (SHC) added a 13-valent pneumococcal conjugate vaccine (PCV13) to its recommen-
dations for adult pneumococcal vaccination. Specifically, the SHC now recommends use of
PCV13—followed by PPV23—in persons aged 18-84 years with impaired immune systems
(“high-risk”), persons aged 50-84 years with chronic comorbidities (“moderate-risk”), and
“low-risk” persons aged 65-84 years who are healthy.

The recommendation was based in large part on findings from the Community-Acquired
Pneumonia Immunization Trial in Adults (CAPiTA), in which PCV13 demonstrated protec-
tion against community-acquired pneumococcal pneumonia (pneumococcal CAP) and IPD
[6,7]. This trial, which followed 84,496 low-risk and moderate-risk adults aged >65 years in
the Netherlands for an average of four years, is one of the largest adult vaccine efficacy trials
ever conducted. During the CAPiTA study, PCV13 demonstrated statistically significant
reductions in first episodes of vaccine-type pneumococcal CAP (45.6% [95%CI: 21.8-62.5]),
vaccine-type nonbacteremic/noninvasive pneumococcal CAP (45.0% [95%CI: 14.2-65.3]),
and vaccine-type IPD (75.0% [95%CI: 41.4-90.8]). The duration of protection extended over
the 4-year study. A post-hoc analysis of data from CAPiTA found similar reductions in the
first episode of vaccine-type pneumococcal CAP among at-risk subjects (40.3% [95%CI: 11.4-
60.2])—which included adults with lung disease, heart disease, liver disease, diabetes, or
asthma (self-reported)—compared with the overall study population, suggesting similar effi-
cacy against vaccine-type CAP in at-risk adults as in the general population [8].

While a single dose of PCV13 is now recommended for many age- and risk-specific adult
subgroups in Belgium, the economic implications of vaccine reimbursement in these patient
populations are unknown. Blommaert et al. have investigated the cost-effectiveness of PCV13
in Belgian adults aged >50 years, on an overall basis (i.e., irrespective of risk profile) as well as
within the healthy subgroup, and concluded that PCV13 vaccination is unlikely to be cost-
effective [9,10]. Their findings, however, are not generalizable to adults who are at higher risk
of pneumococcal disease and its consequences (namely, the moderate- and high-risk elderly
populations), for whom the clinical benefit—and thus economic value—of PCV13 may be sub-
stantially greater. We therefore undertook a pharmacoeconomic assessment to address the
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policy question regarding whether a single dose of PCV13 should be reimbursed among Bel-
gian adults aged 65-84 years who are at moderate-risk or high-risk of pneumococcal infection
and its complications.

Materials and methods
Model description

The model utilizes a deterministic cohort framework and a Markov-type process to depict
expected lifetime risks, consequences, and costs of IPD and pneumococcal CAP, as well as the
expected impact of PCV 13 vaccination, in Belgian adults (Fig 1). Both IPD and pneumococcal
CAP were included in the model because of their impact among the elderly: IPD is the most
serious manifestation of S. pneumoniae because of its high mortality rate, and pneumococcal
CAP, while also associated with significant morbidity and mortality, is much more common.
Moreover, PCV13 has been found to be effective in reducing the risk of these events in the
elderly (i.e., in CAPiTA) and thus may positively impact health and quality of life. The materi-
als and methods of this study—including model structure and model parameters—are, in
many cases, similar to those employed in a prior economic/public health evaluation of PCV13
in the United States that was conducted by some of the study investigators [11].

The model cohort is characterized in terms of age and risk profile (low-risk, moderate-risk,
high-risk). Low-risk includes persons who are immunocompetent without chronic comorbidi-
ties, moderate-risk includes persons who are immunocompetent with >1 chronic comorbid-
ity, and high-risk includes persons who are immunocompromised (note: splenectomised

L Life-Years:
Cases of IPP' Cases of.CAP. Case-Fatalities: -Unadjusted Medical Non-Medical Vaccination
-Bacteremia -Inpatient -1PD .
-Meningitis -Outpatient -cap ~Quality- Costs Costs Costs
8 p Adjusted

[. Inputs - Modules . Outcomes]

Fig 1. Model schematic.
https://doi.org/10.1371/journal.pone.0199427.9001
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patients, who are included in the SHC recommendation, were not explicitly considered in the
high-risk group due to limitations of available data). Low-risk persons may transition to the
moderate-risk or high-risk groups during the modeling horizon based on the probability of
newly developing a chronic comorbidity or immunocompromising condition, respectively;
moderate-risk persons may similarly transition to the high-risk group. Persons in the model
cohort may receive PCV13 or no vaccine at model entry; vaccination coverage may vary by
age and risk profile. No vaccine was selected as the comparator because PPV23 is infrequently
used among Belgian adults (e.g., in 2013, only 10% of persons aged >65 years indicated that
they had been vaccinated during the prior 5-year period) and PCV13 will not replace PPV23
(cfr SHC recommendation). The current situation considering 10% vaccination with PPV23
and 90% no vaccination will be used as comparator in a scenario analysis [12].

Expected clinical outcomes and economic costs are estimated for the model cohort on an
annual basis, based on age, risk profile, vaccination status, and time since vaccination. IPD is
stratified by condition (bacteremia vs. meningitis), and pneumococcal CAP is stratified by setting
of care (hospitalized vs. ambulatory). Persons vaccinated at model entry may be at lower risk of
future IPD and pneumococcal CAP; the magnitude of vaccine-associated risk reduction depends
on clinical presentation (i.e., IPD or pneumococcal CAP), as well as time since vaccination, age,
and risk profile. Risk of death from IPD, hospitalized CAP, and all other causes (general popula-
tion mortality less deaths due to IPD and pneumococcal CAP) depends upon age and risk profile.

Expected costs of medical treatment for IPD and pneumococcal CAP are generated based
on event risks and unit costs in relation to the setting of care (i.e., inpatient vs. outpatient), age,
and risk profile. Costs of vaccination—including vaccine and vaccine administration—are tal-
lied at model entry. Clinical outcomes and economic costs are projected over the modelling
horizon for the model cohort under the vaccination strategies considered, and include: cases
of IPD (bacteremia and meningitis) and pneumococcal CAP (hospitalized and outpatient [i.e.,
ambulatory]); deaths due to IPD and CAP; life-years (unadjusted and quality-adjusted); costs
of medical treatment for IPD and CAP; and costs of vaccination.

Model estimation

Rates of IPD and pneumococcal CAP (adjusted, as warranted, to reflect assumed herd effects
from the pediatric vaccination program in Belgium), case-fatality rates, and disease-specific
episodic costs—by age and risk profile (moderate-risk, high-risk)—were estimated based on
age-specific values from Belgium sources, age-specific relative rates/costs by risk profile from
Belgium, UK and US sources, and age-specific population weights by risk profile from Belgium
sources. The incidence and mortality values reflect a conservative approach [10]. A detailed
explanation of methods and sources that were employed to estimate these parameters as well
as vaccine effectiveness, vaccination costs, and health-state utilities is available in the S1 File. A
summary of methods and sources used in the estimation of key variables is set forth below,
and parameter values for key variables are reported in Table 1 and Table 2.

Rates of IPD. Age-specific rates of bacteraemia and meningitis were based on 2015 sur-
veillance data from the Belgian National Reference Centre, and were extrapolated to the Bel-
gian adult population [10]. Age-specific values were allocated across risk groups based on
estimated rate ratios from a study of the impact of underlying medical conditions on the risk
of IPD in England and age/risk-specific Belgian population weights [13]. Baseline rates of bac-
teremia and meningitis (2015) were adjusted (i.e., reduced) to account for residual indirect
effects due to widespread use of PCV13 in children up to 2015 (mid-2015 in Flanders) before
the switch to PCV10 in 2016. The percentage of IPD due to PCV13 serotypes (30.9%) was
assumed to persist throughout the modeling horizon.
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Table 1. Estimates of population size, disease rates, case-fatality rates, and associated costs*.

65-74 Years 75-84 Years >85 Years
Moderate High Moderate High Moderate High
No. of Belgian Adults 420,774 44,181 365,901 30,610 153,348 6,495
Annual Disease Incidence (per 100K)
Bacteremia 37.4 82.0 48.0 105.2 107.0 234.5
Meningitis 1.69 3.71 2.18 4.78 5.03 11.02
Pneumococcal CAP
Inpatient 129 439 186 599 546 1,733
Outpatient 89 305 134 433 207 666
Annual Case-Fatality (per 100)
Bacteremia 14.0 14.0 17.6 17.6 24.2 24.2
Meningitis 12.8 12.8 24.0 24.0 53.9 53.9
Pneumococcal CAP
Inpatient 3.9 3.9 5.6 5.6 8.6 8.6
Outpatient 1.9 1.9 1.8 1.8 1.8 1.8
Utilities
General Population Utility 0.7962 0.6001 0.7162 0.5490 0.6238 0.5876
Annual Disutility due to Disease
Bacteremia 0.1759 0.1320 0.1758 0.1354 0.1741 0.1741
Meningitis 0.1759 0.1320 0.1758 0.1354 0.1741 0.1741
Pneumococcal CAP
Inpatient 0.0717 0.0537 0.0716 0.0551 0.0709 0.0709
Outpatient 0.0066 0.0049 0.0047 0.0036 0.0027 0.0027
Medical Care Costs (per case)
Requiring Inpatient Care
Bacteremia € 15,439 €12,338 € 16,658 €13,313 €16,543 €13,221
Meningitis €11,279 €9,014 €10,932 €8,737 €10,857 €8,676
Pneumococcal CAP € 8,501 €9,359 €16,073 €17,695 € 15,482 €17,044
Requiring Outpatient Care Only
Pneumococcal CAP €867 €985 €864 €982 € 866 €984
Vaccination (per person)
PCV13 €63.64 €63.64 € 63.64 € 63.64 €63.64 €63.64
Administration €10.24 €10.24 €10.24 €10.24 €10.24 €10.24

*Methods and sources used in estimating parameter values set forth in S1 File

https://doi.org/10.1371/journal.pone.0199427.t001

Rates of pneumococcal CAP. Age- and risk-specific rates of all-cause outpatient pneu-
monia were estimated using 2013 data from the INTEGO Database, which was assumed to be
representative of the Belgian population [10,14]. Episodes of outpatient pneumonia were iden-
tified using code R81 (“Pneumonia”) from the international classification of primary care
(ICPC); 15% of outpatient CAP was assumed to be pneumococcal.

Age-specific rates of pneumococcal CAP requiring inpatient care (i.e., hospitalized CAP)
were estimated using data from the KCE report [10]. Age-specific hospitalized CAP values
were allocated across risk groups using the outpatient pneumonia rate ratios. In line with the
KCE report [10], the indirect effects from childhood PCV13 use were assumed to be the same
for pneumococcal non-invasive CAP and IPD. The percentage of pneumococcal CAP due to
PCV13 serotypes (32.9%) was assumed to persist throughout the modeling horizon.
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Table 2. Effectiveness of PCV13*.

IPD (due to vaccine serotypes™*)
Age/Risk Profile
65-74 years
Moderate-Risk
High-Risk
75-84 years
Moderate-Risk
High-Risk
Pneumococcal CAP (due to vaccine serotypes*)
Age/Risk Profile
65-74 Years
Moderate-Risk
High-Risk
75-84 Years
Moderate-Risk
High-Risk

VE-PCV13, by No. of Years
Since Receipt of Vaccine

1 5 10 15 20
84% 79% 71% 64% 0%
65% 62% 56% 50% 0%
70% 66% 60% 54% 0%
55% 52% 47% 42% 0%
41% 39% 35% 32% 0%
27% 25% 23% 21% 0%
39% 37% 33% 30% 0%
25% 24% 22% 19% 0%

*Methods and sources used in estimating parameter values set forth in S1 File
**PCV13 serotype coverage (year 1): IPD, 30.9%; pneumococcal CAP, 32.9%

https://doi.org/10.1371/journal.pone.0199427.t1002

VE-PCV13 vs. VI-IPD. Effectiveness of PCV13 against vaccine-type IPD for immuno-
competent (i.e., moderate-risk) persons with chronic comorbidities was based on the esti-
mated efficacy of PCV13 against vaccine-type IPD among subjects in the per-protocol
population of the CAPiTA study [6]. The impact of age at vaccination on the VE was based on
a post-hoc analysis of CAPiTA [15]. For subjects in the high-risk group, PCV13 VE against
VT-IPD was assumed to be 22% lower than corresponding values for the low-/moderate-risk
populations, based on the relative difference in VE observed in pneumococcal vaccination of
children with and without HIV [16].

VE-PCV13 vs VT-CAP. Effectiveness of PCV13 against VT-CAP for immunocompetent
persons with chronic comorbidities (i.e., moderate-risk persons) was based on the estimated
efficacy of PCV13 against vaccine-type CAP among subjects in the per-protocol population of
a post-hoc analysis of the CAPiTA study [17]. In the absence of information, similar VE was
assumed for outpatient CAP; the same approach was considered by Blommaert et al. [10].
Change in VE-PCV13 with age was estimated based on a previous study (see S1 File) [11]. For
subjects in the high-risk group, VE-PCV13 against VT-CAP was assumed to be 35% lower
than corresponding values for the moderate-risk population, based on the relative difference
in VE observed in pneumococcal vaccination of children with and without HIV [16].

VE-PCV13 waning. VE was considered stable during the first 5 years following vaccina-
tion [6], and thereafter assumed to wane annually at a rate of 5% during years 6-10, 10% annu-
ally during years 11-15, and no efficacy was assumed from year 16 onwards. This approach is
in line with that of CAPiTA investigators [18]. Based on CAPiTA, PCV13 vaccination was
assumed not to have serious adverse effects [6].

Medical-care and vaccination costs. Medical-care costs were derived from the database
of a large sickfund and interviews [9,19,20], and were reviewed and informally validated by a
panel of four independent Belgian experts. All IPD cases were assumed to require
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hospitalization, and corresponding costs were not limited to those incurred while in hospital;
the same approach was used for pneumonia requiring inpatient care. Age-specific cost esti-
mates were based on data from a national face-to-face survey by members of the Sickfunds for
IPD cases and CAP cases with pneumococcus isolation, and were allocated across risk groups
based on multiple factors as derived from a published source [21]. Cost of outpatient pneumo-
nia for persons aged >65 years was estimated to be €848 based on the same sources of infor-
mation [9,19,20], and was allocated across risk groups as described above [21].

The reimbursed price of PCV13 was assumed to be €63.64 per dose, based on the public
price (€75.44) [22]. Because PCV13 would be typically administered to this target population
(immunocompetent with chronic-comorbidities or immunocompromised patients) during a
routine GP visit, or in combination with a visit for influenza vaccination, the cost of vaccine
administration was assumed equal to 50% of the cost of a GP visit (€20.48) [23]. The same
approach was considered in the KCE report [10]. All costs were expressed at 2016 prices.

Analyses

Base case. Clinical outcomes and economic costs were projected over remaining years of
life for moderate/high-risk Belgian adults aged 65-84 years at model entry, under two alterna-
tive vaccination strategies: (1) use of PCV13 at model entry (58% vaccination coverage level);
and (2) no vaccination at model entry. Analyses were conducted from the perspective of the
Belgian healthcare public payer; accordingly, only direct costs associated with the provision of
medical care for IPD and pneumococcal CAP, and the costs of vaccination, were considered.
Results were standardized to the Belgian population of interest based on age- and risk-specific
weights. Medical-care costs were discounted at 3% annually, and life-years were discounted at
1.5% annually [20].

The cost-effectiveness of PCV13 (vs. no vaccination) was calculated in terms of the cost per
life-year gained and cost per QALY gained, respectively, which are derived as the ratio of the
difference in total costs to the difference in total life-years/QALYs. In Belgium, a willingness-
to-pay threshold—below which interventions are considered cost-effective—has not been for-
malized. However, the Belgian Health Care Knowledge Centre (KCE) has recently used three
alternative thresholds in health technology assessments of pneumococcal vaccination in the
elderly, namely 35,000€, 70,000€, and 105,000€, which correspond to 1x, 2x, and 3x the gross
domestic product (GDP) per inhabitant [10].

Sensitivity. One-way deterministic sensitivity analyses were undertaken to evaluate the
potential impact of parameter value uncertainty on study results for moderate/high-risk adults
aged 65-84 years. In these analyses, key model parameter values were varied +25% of their
base case levels (unless otherwise noted below), each in turn, including: rates of ambulant and
hospitalized pneumococcal CAP; age-specific utility values; case-fatality rates; vaccine effec-
tiveness (vs. IPD and pneumococcal CAP); vaccine effectiveness (vs. IPD and pneumococcal
CAP) for high-risk adults relative to immunocompetent adults; medical-care costs; and herd
effect for vaccine-type IPD and pneumococcal CAP (varied from 0-100%). Probabilistic sensi-
tivity analysis (n = 1,000 replications) was employed to account for uncertainty surrounding
disease rates and costs, case-fatality rates, and vaccine effectiveness and other key model
parameters in estimation of clinical outcomes, economic costs, and incremental cost-effective-
ness ratios.

Scenario. In addition, scenario analyses were conducted to evaluate the impact of meth-
odological uncertainty on study results for moderate/high-risk adults aged 65-84 years. In
these analyses, alternative data sources and/or assumptions were employed in estimating key
variables, including: current situation as comparator (PPV23 vaccine coverage of 10%/12.9%
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persons aged 65-74 years and 75-84 years, respectively); higher case-fatality rates (based on
Blommaert 2016a), PCV13 serotype coverage against pneumococcal CAP (+25% base case val-
ues), higher rate of waning for PCV13 (25% annual logistic waning with 50% initial effective-
ness achieved in year 10), vaccine coverage (33% and 83%, respectively), discount rate (0% and
5%, respectively), and population comprising persons aged 65 years only. Scenario analyses
focusing on moderate-risk Belgian adults aged 65-84 years and high-risk Belgian adults aged
65-84 years, respectively, were also conducted.

Results
Base case

Without vaccination, the expected lifetime numbers of total cases of disease among moderate-risk
and high-risk Belgian adults aged 65-84 years (n = 861,467) would be: IPD, 7,352; hospitalized
pneumococcal CAP, 33,662; and outpatient pneumococcal CAP, 17,617 (Table 3). Expected life-
time medical-care costs to treat these events would total €472.1 million. With use of PCV13 among
58% of moderate and high-risk Belgian adults aged 65-84 years (n = 861,467), the expected lifetime
numbers of cases of disease would total: IPD, 6,825; hospitalized pneumococcal CAP, 32,588; and
outpatient pneumococcal CAP, 16,947. Expected lifetime medical-care costs would total €452.0
million, and vaccination costs, €36.9 million.

On balance, therefore, use of PCV13—as described above—would reduce lifetime cases of
IPD by 527, hospitalized pneumococcal CAP by 1,074, and outpatient pneumococcal CAP by
669; disease-related deaths by 176; and medical-care costs (excluding vaccination costs) by
€20.1 million. Medical-care and vaccination costs (aggregated) would increase by €16.8 mil-
lion. Cost per QALY gained (from the health care perspective) was €17,126.

Sensitivity and scenario analyses

In all of the aforementioned one-way deterministic sensitivity analyses, use of PCV13 among
moderate-risk and high-risk Belgian adults aged 65-84 years was found to be cost-effective

Table 3. Cost-effectiveness/utility of PCV13 versus no routine vaccination in moderate/high-risk Belgian adults aged 65-84 years.

Population-Level Results
No. of Cases
IPD
Pneumococcal CAP
Hospitalized
Outpatient
No. of Deaths
Total Costs (in million)
Medical Care
Vaccination
Total
Medical + Vaccination
Life-Years (discounted)
Quality-Adjusted Life-Years (discounted)
Cost-Effectiveness
Cost per Life-Year Gained
Cost per Quality-Adjusted Life-Year Gained

https://doi.org/10.1371/journal.pone.0199427.t003

No Vaccine PCV13 Difference
7,352 6,825 -527
33,662 32,588 -1,074
17,617 16,947 -669
4,279 4,104 -176
472.13 452.03 -20.10
0.00 36.91 36.91
472.13 488.95 16.82
9,590,018 9,591,268 1,251
6,724,131 6,725,113 982
€13,444
€17,126
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versus no routine vaccination (Fig 2). Cost-effectiveness was most sensitive to variation in the
effectiveness of PCV13; when assuming values equal to 75% of base case, the ratio increases
from €17,126 to €29,661. When assuming 75% of values for—each in turn—PCV13 serotype
coverage in pneumococcal CAP, medical-care costs, hospitalized pneumococcal CAP rates,
utilities, case-fatality rates, and outpatient pneumococcal CAP rates, respectively, cost-effec-
tiveness ratios ranged from €21,638 to €23,022.

In the scenario analysis comparing use of PCV13 (58% coverage) versus use of PPV23 (10%
coverage in persons aged 65-74 years, 12.9% coverage in persons aged 75-84 years) among
moderate/high-risk Belgian adults aged 65-84 years, use of PCV13 was found to be cost-

One-Way Sensitivity Analyses, Cost per Life-Year Gained

W 125% Base Case Value M 75% Base Case Value

PCV13 Vaccine Effectiveness (75% and 125% base case values)

Serotype Coverage of PCV13 for Hospitalizaed and Outpatient CAP
(75% and 125% base case values)

Medical Care Costs (75% and 125% base case values)
Hospitalized CAP Rates (75% and 125% base case values)
Case-Fatality Rates (75% and 125% base case values)

Outpatient CAP Rates (75% and 125% base case values)

Age-Specific Utilities (75% and 125% base case values)

€0 €5,000 €10,000 €15,000 €20,000 €25,000

One-Way Sensitivity Analyses, Cost per QALY Gained
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PCV13 Vaccine Effectiveness (75% and 125% base case values)

Serotype Coverage of PCV13 for Hospitalizaed and Outpatient CAP
(75% and 125% base case values)

Medical Care Costs (75% and 125% base case values)
Hospitalized CAP Rates (75% and 125% base case values)
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Case-Fatality Rates (75% and 125% base case values)

Outpatient CAP Rates (75% and 125% base case values)
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Fig 2. One-way deterministic sensitivity analyses on cost-effectiveness/utility of PCV13 versus no routine vaccination in moderate/high-risk Belgian
adults aged 65-84 years.

https://doi.org/10.1371/journal.pone.0199427.g002
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effective. Similarly, in the scenario analysis comparing use of PCV13 versus no vaccine in a
cohort of moderate/high-risk Belgian adults aged 65 years, and those analyses focusing (sepa-
rately) on moderate-risk Belgian adults aged 65-84 years and high-risk Belgian adults aged
65-84 years, use of PCV13 was found to be cost-effective. Results from all sensitivity analyses
and all scenario analyses are set forth in the S1 File.

In the probabilistic sensitivity analysis, all of the 1,000 replications generated estimates of
incremental cost per LY/QALY gained that were located in the northeast quadrant of the scat-
terplot, and thus projected higher costs and higher LY/QALY with use of PCV13 versus no
routine vaccination (Fig 3). In this same analysis, the incremental cost per LY/QALY gained
was less than the assumed maximum willingness to pay for 99%/97% of the 1,000 replications,
respectively.

Discussion

Since April 2015, the SHC in Belgium has included PCV13 in their recommendations for
pneumococcal vaccination among adults of various ages and risk profiles. While Blommaert
et al. [9,10] have analyzed the cost-effectiveness of PCV13 in a general adult population aged
>50 years, cost-effectiveness within risk groups has not been previously investigated in Bel-
gium settings. We therefore considered the policy question regarding whether a single dose of
PCV13 should be reimbursed among Belgian adults aged 65-84 years who are at moderate-
risk or high-risk of pneumococcal infection and its complications.

Our findings suggest that, under conservative assumptions concerning disease burden and
reasonable assumptions concerning vaccine effectiveness and costs, implementation of a strat-
egy targeting Belgian moderate-risk and high-risk adults aged 65-84 years for vaccination with
PCV13 would reduce the numbers of cases of pneumococcal disease and pneumococcal-
related deaths, would—on an overall basis—partly offset the cost of the vaccination from the
healthcare public system perspective, and would be a cost-effective use of scarce healthcare
resources. Notwithstanding differences in model structure, model population, model estima-
tion, and vaccination strategies, our conclusions are largely consistent with those from several
recent evaluations in which adult PCV13 use (mainly persons aged >65 years) was found to
have a reasonable cost-effectiveness profile based on current disease epidemiology [18,24-26].
In the three recent evaluations in which PCV13 was found not to be cost-effective, two consid-
ered different populations (namely a general adult population aged >50 years in Belgium,
without taking into consideration subgroup analysis by risk of pneumococcal infection), while
the other study assumed disease burden to be considerably lower than current levels based on
future projections of indirect effects from the pediatric program [9,10,27]. Our findings also
suggest that the clinical benefits and economic value of PCV13 may be substantially greater
within the moderate-risk and high-risk elderly Belgian populations relative to their healthy
counterparts. In our study, PCV13 (vs. no vaccination) was reported to cost €17,126 per
QALY gained among moderate/high-risk Belgian adults aged 65-84 years. At a minimum,
these findings support the SHC recommendation and vaccine reimbursement for use of
PCV13 in persons aged 65-84 years with impaired immune systems and persons aged 65-84
years with chronic comorbidities.

The results of analyses described herein are based on data and assumptions specific to the
vaccination environment (past, current, and future [projected]) in Belgium, and thus reflect
the recommendations and use of PCV13, PPV23, and PCV10 in that setting. While findings
were projected assuming conservative values for several key model parameters, and were
robust when varying key model parameters in sensitivity analyses (including higher waning of
PCV13 effectiveness and herd effect from PCV10 use), caution should be exercised in
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Fig 3. Scatterplots for cost-effectiveness/utility of PCV13 versus no routine vaccination in moderate/high-risk
Belgian adults aged 65-84 years.

https://doi.org/10.1371/journal.pone.0199427.9003

generalizing the results of this study to other countries in which vaccine recommendations
and use may be different among children and adults. The results of this assessment are based
on certain assumptions regarding the level and durability of PCV13 effectiveness among
adults, and the level and persistence of indirect vaccination effects from the Belgian pediatric
program, and thus are limited to the scenarios considered herein until proven otherwise. To
the extent new data become available, study results will require updating.

A modelling approach was chosen because, for several reasons, a trial-based (i.e., CAPiTA-
based) pharmacoeconomic evaluation focusing on the population of interest was not possible.
CAPITA enrolled only subjects in the Netherlands, and the epidemiology of pneumococcal
disease and the associated use of healthcare resources may be different in important aspects in
Belgium. CAPiTA enrolled only subjects who were immunocompetent, and thus high-risk
persons were not included in the trial population (i.e., at the time of trial baseline). Follow-up
in CAPiTA extended for only 4-5 years (on average), and thus the long-term/life-time benefits
of vaccination were not captured. Moreover, we note that the modelling approach described
herein—in terms of the structure of the model and the methods of estimation—is similar to
that employed in other recently published economic evaluations of alternative strategies for
pneumococcal vaccination in other countries [11,20,28-33].

We believe that the major limitation of this assessment is the uncertainty concerning some
of the parameter estimates. Perhaps the area of greatest uncertainty concerns the assumed
effectiveness of vaccination with PCV13, which was based primarily on data from the CAPiTA
trial [6,34]. Effectiveness of PCV13 against all-cause pneumococcal CAP was derived based on
the estimated efficacy against vaccine-type, non-bacteremic/non-invasive CAP (40%) among
at-risk persons from CAPiTA, and the percentage of all-cause pneumococcal CAP assumed to
be attributable to PCV13 serotypes based on extrapolation from PCV13 serotypes in IPD
(32.9%) [6,10,18]. Due to the impact of this parameter and the lack of local data, this value was
subjected to sensitivity analysis. Similarly, data on the durability of PCV13 effectiveness over
time were not available from CAPiTA (i.e., beyond the follow-up period [mean, 4+ years]),
and thus PCV13 effectiveness (i.e., after the initial 5 years of the modelling horizon) was
assumed to wane annually at 5% during years 6-10, at 10% annually during years 11-15, and
to be 0% beginning in year 16, consistent with methods employed in another economic evalua-
tion [18]. Finally, because CAPiTA enrolled only immunocompetent subjects, and thus data
from this trial on PCV13 effectiveness were not directly applicable to high-risk persons, vac-
cine effectiveness in immunocompromised adults was assumed to be lower based on data
from a single trial of children with HIV and without HIV, respectively [16]. We note that
PCV13 has demonstrated immunogenicity and safety in several patient populations consid-
ered to be at high risk due to the presence of immunocompromising conditions or treatments
[35-40)].

Another area of parameter uncertainty concerns rates of IPD and pneumococcal CAP, not
only in the first year of the modelling horizon, but also future levels of disease that may be pre-
vented with vaccination. The percentage of CAP that is attributable to S. pneumoniae among
Belgian adults is largely unknown; the conservative estimates from Blommaert et al. were
applied [10]. Rates of disease were adjusted for projected herd effects from switch vaccination
to PCV10 in children. However, the precise nature of herd effects, including corresponding
levels and rates of change over time (and the serotypes affected), is largely unknown at this
time (especially for pneumococcal CAP). Approach considered in Blommaert et al. [10] with
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PCV10 vaccination in children was applied in our analysis. Moreover, sentinel laboratories—
from which IPD rates were calculated—were assumed to be geographically representative
across Belgium and to have reported all diagnosed cases of S. pneumoniae, the veracity of
which is unknown. Because the purpose of this study was to compare the risks and costs of
IPD and pneumococcal CAP over remaining years of life for a given cohort of Belgian adults
assumed to receive PCV13 versus no vaccine, persons were precluded from aging into the
model population.

We also note that PCV13 coverage levels were based on the assumption that the vaccine
will be reimbursed, and that its use will be comparable to other vaccines that are currently
reimbursed in Belgium (e.g., influenza, which can be administered at the same time as
PCV13). Finally, our model, like all cohort models, simplifies reality to some extent. Our
model does not, for example, take into account serotype replacement over time; to date,
replacement by non-PCV serotypes appears to be limited in the Belgian adult population, how-
ever, and thus its consideration in the model would be expected to have a limited impact on
study findings based upon the data and time period that were considered [41]. Long term con-
sequences due to pneumococcal infections were also not considered.

Conclusion

The results of the pharmacoeconomic assessment described herein suggest that, under conser-
vative assumptions concerning disease burden (incidence and mortality), and reasonable
assumptions on vaccine effectiveness, and cost of pneumococcal infection, implementation of
a strategy targeting Belgian moderate-risk and high-risk adults aged 65-84 years for vaccina-
tion with PCV13 would reduce the numbers of cases of pneumococcal disease and pneumo-
coccal-related deaths and would be—on an overall basis—cost effective from the healthcare
public system perspective.

Supporting information

S1 File. Cost-effectiveness of PCV13 in moderate/high-risk Belgian adults aged 65-84
years.
(DOC)
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