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ABSTRACT

Background: The Advisory Committee on Immunization recommends vaccination against pneumococcus in
adult population in Spain. Immunization strategies include 13-valent pneumococcal conjugate vaccine (PCV13)
and 23-valent pneumococcal polysaccharide vaccine (PPV23), but schedule recommendations may differ
regionally depending on age and background risk. New PCV vaccines including additional serotypes
(PCV15/PCV20) are becoming available soon. We assessed the economic implications of funding an expanded
pneumococcal immunization program in Spain.

Methods: A microsimulation cost-effectiveness model depicting lifetime burden and costs of invasive
pneumococcal disease (IPD) and all-cause non-bacteremic pneumonia (NBP) was developed. PPV23
effectiveness was based on published literature, and for PCV on CAPITA trial. Model was populated with local
data, including herd effects from the pediatric immunization program. Outcomes and costs were evaluated
considering existing and fore coming vaccines, alone and sequential schedules, according to its availability,
serotype hierarchy and national/regional recommendations. Base case compared PPV23 versus PCV20 in the
entire adult population. Alternative strategies were also tested. Incremental cost-effectiveness ratios (ICERs) per
quality adjusted life-year (QALY) gained were computed from the perspective of the National Healthcare System
in year 2018.

Results: Overa lifetime horizon, PCV20 would prevent 64,624 inpatient NBP, 27,772 outpatient NBP and
7,794 IPD cases in comparison with PPV23, accounting for a total cost-saving of 139.9 million euros.
Additionally, 14,150 related deaths would be averted ICERs were cost-saving or cost-effective for PCV20 in
the base case and in all other scenarios analyzed. Univariate and probabilistic sensitivity analyses confirmed
model robustness.

Conclusions: At the commonly applicable willingness-to-pay thresholds for cost-effectiveness in Spain, PCV 20
vaccination would be an efficient immunization program compared to PPV23 and alternatives strategies
including sequential or other conjugate vaccines in Spain. Expanding current recommendation to replace existing
pneumococcal vaccination schedules by PCV20 alone would be a cost-saving health policy in Spain regardless of
age and background risk.
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1. INTRODUCTION

Streptococcus pnenmoniae (pneumococcus) is an important cause of morbidity, mortality, and associated costs in the
adult population. Invasive pneumococcal disease (IPD)—including bacteremia and meningitis—is most common
in the very young, the elderly, and specific risk groups, such as immunocompetent persons with chronic diseases
(at risk) and those with immunocompromising conditions'-2. Pneumococcal community-acquired pneumonia
(CAP) can be both invasive and non-invasive; noninvasive/non-bacteremic pneumonia (NBP) is more common
but is difficult to diagnose3. To reduce the burden of pneumococcal disease in Spain, the Spanish National
Advisory Committee on Immunization recommends sequential use of 13-valent pneumococcal conjugate vaccine
(PCV13) and the 23-valent pneumococcal polysacchatide vaccine (PPV23) among adults aged = 18 years who
are immunocompromised and PPV23 alone in adults aged = 65 years and at risk3. Regional immunization
programs generally follow national or international recommendations but require regional vaccine advisory
committee recommendations to be funded and fully implemented at local level*5. Most Spanish regions fund
PPV23 for the prevention of pneumococcal disease in immunocompetent adults at risk aged = 18 years, and
sequential vaccination with PCV13+PPV23 for adults with immunocompromising medical conditions. Even,
recently, a few regions recommend PCV13 in some circumstances only*5. PPV23is recommended for routine
vaccination in adults 265 years of age in several countries and in Spain*-6, but provides less protection than
PCVs due to a lack of immunological memory’. Therefore, PCVs generally induce more robust immune
responses that are associated with longer-term protection®®. Introduction of PCV13 in the adult calendar of
certain Spanish regions reduced up to 25% the IPD cases, showing a decrease of serotype 3 when PCV 13 was
used!?. In this way, three years after the introduction of PCV13 in US, the incidence of IPD decreased by 12%-
32% (depending of age) among adults!!l. Despite these reductions, vaccine coverage of non-PCV13 serotypes still
constitutes a significant unmet need!213. New conjugates vaccines against pneumococcus are under last phases of
development, and will became available soon!415. In addition to the new PCV 15 that includes all components of
PCV13 plus polysaccharide conjugates of 2 additional serotypes (11A, 22F)4, PCV20 with all components of
PCV15 plus polysaccharide conjugates of 5 additional serotypes (8, 10A, 12F, 15B, 33F) will be available to
broaden pneumococcal disease coverage!415. Although 6 out of 7 serotypes ate also present in PPV23, PCV20 is
expected to provide stronger protection than PPV23 for common serotypes between PCV20and PPV23, thus
further reducing the global pneumococcal disease burden!¢.

Several evaluations indicate that adult use of PCV13 has a reasonable cost-effectiveness (CE) profile, these



studies were based on epidemiologic and economic inputs from other countries and Spain, thus may be reflective
of the current experience!”™2 Therefore, in consideration of new efficacy data from CAPITA, and current
funding for PCV13 and PPV23, and fore coming new conjugate vaccines, an evaluation was undertaken to assess
the clinical and economic consequences of expanding current pneumococcal vaccination recommendations
among Spanish adult population aged =18 years compared to immunization based on PPV23 and other
alternative vaccination strategies.
2. METHODS
2.1. Model description

The model utilizes a microsimulation framework and a Markov-type process to depict expected lifetime risks of
clinical and economic outcomes (IPD, inpatient and outpatient all-cause NBP, and associated costs) in a
Spanish population of adults aged 18 years and older (Figure 1). A similar model has previously been used by
other investigators in pneumococcus vaccination!®2. Upon model entry, each person’s age (in one-year
increments), risk profile (low risk [immunocompetent without chronic comorbidities or comorbidities unrelated
with PD], moderate risk [immunocompetent with = 1 chronic comorbidity associated with PD], or
immunocompromised or high risk), and history of vaccination with PCV13 are assigned. The model population
is initially characterized based on age (18-49, 50-64, 65-74, 75-84 and =85 years) and mentioned risk profile
(low, moderate, or high risk of PD). Persons may receive PPV23, PCV13, PCV15, PCV20, PCV13 — PPV23,
PCV15 — PPV23, PCV20 — PPV23, or neither vaccine strategy at model entry; vaccine coverage may vary by
age and risk profile. Expected outcomes are evaluated for each person in the model population on an annual
basis, from model entry through the end of the modeling horizon, which may be varied from 1 year to a
lifetime (82 years). Pneumococcal-related outcomes are projected for each person in the hypothetical
population based on age, risk profile, vaccination status, vaccine type, and time since vaccination. IPD is
stratified by condition (bacteremia and meningitis, Supplementary Table S1), and all-cause NBP is stratified by
setting of care (inpatient and outpatient). The magnitude of vaccine-associated risk reduction may differ based
on clinical presentation (IPD or all-cause NBP), as well as by vaccination strategy, time since vaccination,
disease serotype distribution, history of prior receipt of PCV13, age, and risk profile. Risk of death from IPD
and all-cause NBP, as well as from general causes, is assumed to depend upon age and risk profile.).

Expected costs of medical treatment for IPD and all-cause NBP are generated in relation to setting of

care (inpatient vs. outpatient), age, and risk profile, based on estimated event risks and costs of different types



of care. The costs of vaccination, including vaccine cost and administration, are tallied at model entry and in
year 2 for sequential regimens. Clinical outcomes and economic costs are projected over remaining years of life
for each person in the model population for the vaccination strategies considered and include numbers of cases
of IPD (bacteremia and meningitis) and all-cause NBP (inpatient and outpatient), deaths due to IPD and all-
cause NBP, life-years (unadjusted and quality-adjusted-QALY-), costs of medical treatment for IPD and all-
cause NBP, and costs of vaccination (including vaccine cost and administration).

2.2. Population
Values for the size of the Spain population aged 18 years and older were obtained from Spanish National
Statistical Institute data for calendar year 201824, Stratification was considered by the following age groups: 18-
49, 50-64, 65-74, 75-84 and 285 years and by three different risk groups: low risk, moderate risk, and high risk.
This segmentation was chosen to increase the accuracy of model calculations and were based in published
literature and the Spanish National Advisory Committee52¢. The percentage of personsin each age group at
low, moderate, and high risk was estimated based on analyses of data from a retrospective real-world all cause
community acquired pneumonia cost-of-illness study conducted recently in Spain?. High-risk conditions
included immunodeficiency patients of any kind, immunosuppressed by immunosuppressive therapy including
systemic corticosteroids, HIV, solid and hematological cancer, chronic renal failure (states 4 or 5), Down
syndrome, anatomical or functional asplenia, malnutrition, solid organ and progenitor transplantation, cirrhosis
and/or a history of invasive pneumococcal disease. Patients were at moderate risk if they were
immunocompetent and had at least two medical claims of the same condition with primary diagnoses for a
particular chronic condition related with pneumococcal disease. Moderate risk condition include chronic
respiratory system diseases (COPD; asthma, etc.), cardiovascular system (except high blood pressure), diabetes
in treatment with insulin or oral antidiabetics, severe neurological and neuromuscular diseases, chronic liver
disease (except citrhosis), chronic renal failure (state <4), smoking and/or chronic alcoholism, cochlear implant,
hemophilia and other chronic hemorrhagic disorders, morbid obesity, hemoglobinopathies, and chronic
inflammatory diseases. Persons not classified as moderate or high risk were considered at low risk.

2.3. Vaccination strategy
The base-case scenario assessed the clinical and economic consequences of a single dose of PCV20 among
Spanish adult population aged 218 years, irrespective of background risk for PD, compared to PPV23 alone.

This is because this approach allows to meet the following criteria: first and latest expected available



pneumococcal vaccine for adult population, vaccines with highest number of serotypes included, all adult
population regardless of age or risk group according with expected vaccination uptake. Nonetheless, and since
adult national recommendations may be implemented at regional level with different criteria of vaccination with
respect to age and type of vaccine, up to 19 alternative vaccination strategies were considered in this economic
evaluation. Such additional alternatives included different age and risk group and different sequential
immunization assuming that current regional recommendations are broad and evolving (Supplementary Table
S2). This evolution considered chronology of vaccines availability and hierarchy of included serotypes. As future
immunization uptake is unknown, vaccine coverage was estimated using as a proxy the history of pneumococcal
vaccination (any time) according with age and risk group values observed in the above mentioned retrospective
real world cost-of-illness study2e. This study was chosen because collected recent data from seven regions of
Spain and recorded values were aligned with that from Vila-Cércoles et al (2017) study collecting data in one
region only?".
2.4. Model parameters and assumptions

Most model parameters and assumptions are included in Table 1.

2.4.1. Vaccination History
The percentage of persons previously vaccinated with PCV13 in Spain by age and risk were based on Vila
Corcoles et al. (2017) publication?”. Due to the lack of stratification by the publication, it has been considered
the same percentage for these two different age ranges: 18-64 and =65 years. The model requires this
information to avoid double counting in outcomes avoided due to vaccines included in the model.

2.4.2. Vaccination Effectiveness
Vaccine effectiveness (VE) of PCV against IPD and NBP caused by serotypes included in PCV vaccine (VT -
IPD and VT-NBP, respectively) forimmunocompetent persons in year 1 were estimated based on data from
the modified intention-to-treat (mITT) population in CAPITA (Community-Acquired Pneumonia
Immunization Trial in Adults) trial and the Dutch CE analysis publication by the CAPIT'A investigators®!7. The
vaccine effectiveness estimate PCV against VT-IPD and VT-NBP from the mITT population in CAPIT'A
(75.8% and 41.1%, respectively) was “anchored” to persons aged 73 years (mean age in the CAP{TA trial) and
multiplied by the relative change in VE vs. VT-IPD by age (vs. 73 years) from Mangen (2015) to get VE by
single year of age'3. VE of PPV23 against VI-IPD were based on estimates for persons aged 65-74, 75-84, and

85-99 years from Djennad et al. (2019) allocated by risk distribution in the United Kingdom. VE for persons



aged <065 years was estimated using a logarithmic curve fit to point estimates for VE for persons aged 65-74,
75-84, and 85-99 years28-30, VE of PPV23 against VI-NBPin year 1 of the modeling horizon was assumed to
be 0% in the base case for all age/risk groups based on numerous sources and consistent with assumptions of
previously published studies, including Spain8-2229, VE-PCV against VT-IPD and VTI-NBP was assumed to be
the same irrespective of age and risk group, as follows: 5 years of stable durability (Bonten 2015)% followed
waning effect during years 6-15, and no effectiveness was assumed from year 16 onwards (Mangen 2015)17.
Waning of VE-PPV23 against VT-IPD was based on Djennad (2019)2 (Supplementary Table S3 and Table S4).

2.4.3.Vaccine Serotype Coverage and Indirect Effects
The percentage of IPD and NBP due to vaccine serotypes for each vaccine analyzed and in year 1 of the
modeling horizon were based on data from the 2018 European Centre for Disease Prevention and Control
(ECDC) for Spain for IPD, and in the CAPA study for serotypes distribution in NBP in the same year3132 In
both cases were assumed to be the same percentage within these two different age ranges: 18-64 and =65 years,
regardless of level of risk for pneumococcal disease (Table 1). To account for pediatric herd effects, the
percentage reduction of IPD and NBP due to vaccine serotypes included in the model were entered by year of
the modeling horizon (for up to 10 years). Serotype percentage reduction was calculated by a trend line of best fit
analysis for both IPD and NBP feeding the analysis with serotypes distributions from years 2010 to 2018 as
displayed in ECDC and CAPA study, respectively31.32, R2 statistic was used to choose the best fitted equation
(Supplementary Figure S1 and Table S5). Reduction in total disease (vaccine and non-vaccine serotypes) due to
indirect effects during each year of the modeling horizon was not considered in the base case, as the model
already account for reduction in cases caused by vaccines serotypes due to pediattic herd effects as mentioned
above.

2.4.4.Clinical data
For incidence rates of IPD and all-cause NBP hospitalizations were based on age-specific data from the Spanish
database which uses International Classification of Diseases 10 (ICD). The data base was RAE-CMBD, Registro
de Actividad de Atencién Especializada — Conjunto Minimo Basico de Datos (Registry of Specialized Health
Care — Minimum Basic Data Set)3, from the Spanish Ministry of Health (T'able 1). These data were apportioned
between low, moderate, and high-risk groups using the distribution observed in the mentioned retrospective real
world cost-of-illness study2. The ICD 10 codes to obtain IPD-bacteremia cases data from the Spanish database

are included in Supplementary table S1. To avoid double counting for J13 code, which includes invasive and



non-invasive pneumococcal pneumonia, ] 13 cases were adjusted by the distribution of invasive and non-invasive
pneumococcal pneumonia observed in CAPA trial?2 thus, 16.6% of J13 cases were accounted as invasive
pneumococcal pneumonia. Similarly, primary bacteremia due to pneumococcus was accounted by the
combination of codes R78.81 plus B95.3. In the same way, all-cause NBP hospitalization incidence was estimated
from the RAE-CMBD adjusted by the corresponding percentage of non-invasive all-cause hospitalized
pneumonia observed in the CAPA study: 83.4%. Incidence rates of outpatient NBP were calculated from the
Rivero et al. (2016)3 publication which reflected age-incidence 18+ years of age between 2009 and 2013 and
used the Spanish Computerized Database for Pharmacoepidemiological Studies in Primary Care (BIFAP).
BIFAP healthcare database, hold by Ministry of Health, includes electronic medical records data from most
regions in Spain. Distribution of outpatient NBP incidence by risk group was estimated by applying such
distribution observed in the above mentioned retrospective real world cost-of-illness study26. The distribution of
hospitalized/outpatient NBP in the BIFAP database was also confirmed using a prior similar publication using
BIFAP database?.

2.4.5. Udlities
Self-assessed health state (or utility) scores measure the individual’s preferences for specific outcomes and were
used to calculate QALY. Estimates for age and risk subgroup utilities in the general Spanish population were
based on The Spanish National Health Survey (year 2012) where the quality-of-life questionnaire EQ-5D-5L
was used (T'able 1)3. Disutilities due to hospitalized disease (bacteremia, meningitis, and all-cause NBP) were
based on the utility difference between patients with and without suspected pneumonia at one-year post-
discharge (from pneumonia hospitalization)!?. All disutilities were assumed to be the same irrespective of age
and risk (Table 1).

2.4.6.Resource consumption and costs
Medical costs considered in this model were IPD (sum of bacteremia plus meningitis cost) and all-cause NBP
(inpatient and outpatient) management costs (Table 1). To reflect the management costs for meningitis and
bacteremia, the data were obtained from Spanish database RAE-CMBD which collected the cost of
pneumococcal meningitis and bacteremia in the entire country?. Cost for all-cause NBP, by age and risk group,
both hospitalized and outpatient care, were obtained from the retrospective real world cost-of-illness study26.
Vaccines cost of PPV23 was set at €10.20 per dose, and for PCV13 was set at €42,69, which were obtained

from the public tender agreement in 2018%. As the cost of PCV20 and PCV15 are unknown, the model



assumed to be the same as the cost of PCV13. Vaccine administration costs were €6 based on published study
in Spain 20203, All costs are presented in euros (€) adjusted to 2018 prices (€, 2018).

2.4.7. Time horizon, perspective, and discount rate.
Lifetime horizon (82 years maximum) was adopted for base case following all patients until death. The analysis
considered the perspective of the National Healthcare System (NHS), thus direct healthcare costs and cost of
vaccines and administration were included only. Additionally, an annual 3% discount rate was applied within the
model for both health outcomes and costs, following the recommendations for health economic evaluation
conducted in the Spanish setting®. Lifetime horizon was chosen to allow the model captures the entire
vaccination effect in preventing pneumococcal disease.

2.4.8. Mortality
The age-specific general population mortality rates (Table 1) were allocated across risk groups based on
corresponding population weights from the INE (2018)?% Subsequently, this mortality rates were adapted by age
ranges and risk groups using relative risk (RR) of mortality which was assumed to be 1.5 for moderate risk (vs.
low risk) and 2.0 for high risk (vs. low risk). 30-days IPD case-fatality rates (CFR) were calculated from the
Spanish RAE-CMBD database which uses ICD-10 and adjusted by the distribution observed in the retrospective
real-world study?, due to the Spanish database allows obtaining the CFR by age range but not by risk group.
CER for patients with all-cause NBP requiring outpatient care and hospitalized all-cause NBP was based on data
from the mentioned real-world study?. Long-term annual case fatality rates were not considered in the model
since such data is unknown in the Spanish population.

2.4.9.Outcomes and analyses
Clinical outcomes and economic costs in the base-case scenario were projected over the lifetime for stratified
population by age and risk group (n = 38.77M). Clinical outcomes included pneumococcal meningitis, other
forms of invasive pneumococcal disease summarized as number of bacteremia cases, hospitalized NBP cases,
outpatient NBP cases, deaths and life years gained both unadjusted and quality-of-life adjusted (QALY). For each
of these populations, outcomes and costs were evaluated in the base case and in any of the alternative
vaccination strategies. Clinical outcomes and economic costs were simulated a total of 1.000 times, and each
simulation included a population of 38.77 million persons (an approximate minimum number of persons
requited to produce stable results for all model outcomes in each age and risk group in the base case). For each

given vaccination strategy, population was adjusted according with the number of inhabitantin each age group



and the percentage distribution of population by risk of pneumococcal disease according with retrospective real
world study?/%. The CE of more expected effective vaccine strategy is calculated in terms of the incremental cost
per life-year gained and per QALY gained ratios (ICERs), dividing the difference in cost between the difference
in effects (life-years or QALYsS) of the new alternative, more effective, compared with existing strategy??. In the
base case, the new alternative is PCV20 and the existing PPV23, both administered alone. Different alternative
vaccination strategies were tested in this evaluation as mentioned before (Supplementary Table S2). Since there is
no official CE threshold in Spain yet, interpretation of ICER was based in two CE thresholds: €21,000 per
QALY gained as the one stated by the GENESIS initiative group (the most used in Spain) which represent the
perspective of the Spanish Society of Hospital Pharmacy#, and 1 time the growth domestic product per capita as
per WHO guidelines which in year 2018 was €25,77 14041,
2.4.10. Sensitivity analysis

Sensitivity analyses (deterministic and probabilistic) were performed to verify the robustness of the model’s
results. As mentioned previously, and to test the robustness of the immunization with PCV20 alone, 19
vaccination strategies different than base case were analyzed (Supplementary Table S2). Due to uncertainty
surrounding effectiveness of PPV23 against NBP both hospitalized and outpatient, regardless of age and risk
group, a scenario analysis adjudicating a 24.0% vaccine effectiveness against NBP for serotypes including in
PPV23 vaccine in persons 18-64 years, and 33.5% above 65 years according to Lawrence et al (2020) and Suzuki
et al publications were also carried out*>#. Univariate and probabilistic sensitivity analysis were conducted in the
base case analysis and in all different immunization strategies as well.

Oune-way sensitiity analysis

One-way deterministic sensitivity analyses were undertaken to evaluate the potential impact of parameter value
uncertainty on the base-case scenario and the other different immunization strategies. In the absence of
information regarding the uncertainty of specific parameters, a broad range of 225% in inputs were applied, to
reflect the possible uncertainty of the parameter values. Up to 27 parameters were modified in this analysis
included the percentage of the vaccinated population, herd effects, disease incidence rates, medical costs,
vaccine price, utilities/disutilities, case-fatality rates and vaccine effectiveness.

Probabilistic sensitivity analysis

Probabilistic sensitivity analysis was performed on the base-case scenario and on the different vaccination

strategies by varying all the model inputs simultaneously and randomly within their probability distributions (n
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= 1.000 replications). A Monte Carlo simulation was employed to account for uncertainty surrounding disease
incidence rates and medical costs, vaccine price, utilities/disutilities, case-fatality rates, vaccine effectiveness and
herd effects in estimation of clinical outcomes, economic costs, and incremental cost-effectiveness ratios.
Triangular distributions were used for the disease incidence, vaccine effectiveness, vaccine price and

mortality/case-fatality rates, log-normal for medical cost, and uniform for indirect effects and utility values.

3. RESULTS
3.1. Base case

The administration of PCV20 for Spanish population 218 years regardless of background risk, under base case
assumptions that estimated 13.1% of adult population could be vaccinated (38.1% 65 years old and above),
would account for higher health benefits than with PPV23. Overall, compared to PPV23 the inclusion of one
dose of PCV20, would avoid 7,794 IPD cases (7,477 bacteremia and 317 meningitis), 64,624 inpatient all-cause
NBP and 27,772 outpatient all-cause NBP cases for a lifetime horizon (Table 2). Additionally, 14,150 related
deaths would be averted. Medical plus vaccination costs per person obtained in the model would imply €493 and
€490 for PPV23 and PCV 20, respectively, for the NHS in a lifetime petriod, which would account for a cost-
saving in medical care of 305.2 million Euros in persons vaccinated with PCV20 versus PPV23, that completely
would offset the extra cost of vaccination with conjugate vaccine of 165.3 million Euros: net saving of 139.9
million Euros in a lifetime horizon (Table 2). Total survival gains in terms of life years (LYG) and QALY gained
would be slightly higher with PCV20 vaccination compared to PPV23 by mean increase in 0.0019 LYG and
0.0013 QALY per person, respectively. ICERs obtained for 218 years old groups showed PCV20 to be a cost-
saving option vs PPV23 both per life-year (€-2,105) and per QALY (€-3,125) gained, respectively. Table 2 and 3
also shows results using alternatives vaccination strategies. PCV15 vaccination was a cost-effective strategy
versus PPV23 but cost-saving in 44% of cases only, while PCV20 was cost-saving versus PCV 15 in 100% of
cases. Since some model variables were inferred, additional analyses were assessed to further investigate the
relationship between parameters and CE results and to confirm the model robustness. Univariate sensitivity
analysis showed PCV20 to be a robust cost-saving option in 27 parameters analyzed (Figure 2, Tornado graph).
Probabilistic sensitivity analysis results are included in Figure 3 (CE plane and acceptability curve) and Table 3
revealed that PCV20 vaccination strategy was a cost-effective option on 100% (84% cost-savings) of 1,000

simulations performed. Also, PCV20 would still be cost-saving (55% of cases) or cost-effective (100%) of cases
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versus PPV23 although the model would incorporate effectiveness for PPV23 against VI-NBP (Supplementary

Table S0).

3.2 Immunization scenarios
Different scenarios were assessed to clarify the most appropriate immunization strategy between several
scenarios for decision-making.
3.2.1 Immunocompromised (high risk) aged = 18 years old
Current vaccination schedule in immunocompromised patients aged 18 years and above (56.7% vaccine uptake
all ages and 61.0% in 65 years old and above) with PCV13+PPV23 was a vaccination strategy dominated by
sequential immunization with PCV15+PPV23: cost-saving in 100% of cases (Table 3 and Table 4), while
sequential immunization with PCV20+PPV23 was also cost-saving in 100% of cases when compared with
PCV15+PPV23 (also dominant versus PCV13+PPV23 for extending dominance). Sequential PCV15+PPV23
accounted by 13.2 million Euros net saving compared with PCV13+PPV23, while PCV20+PPV23 showed
incremental net saving of 77.3 million when compared with PCV15+PPV23 (Table 4). Probabilistic sensitivity
analyses confirmed such results in this group of high-risk patients (Table 3). However, sequential immunization
with either PCV20+PPV23 or PCV15+PPV23 both compared with PCV20 alone were not cost-effective or
dominated strategies since would incur in an extra cost of 31.2 and 108.5 million Euros, respectively, with few
additional health benefits in term of QALY gain, or cases of disease averted in the case of PCV20+PPV23 or
substantial lower outcomes in case of PCV15+PPV23 (Table 3, Table 4 and Supplementary Table S7).
3.2.2 Immunocompetent at risk (moderate risk) aged = 18 years old

Immunocompetent at risk > 18 years old are currently recommended vaccination with PPV23 or sequential with
PCV13+PPV23, depending on the region. PPV23 immunization in this group of patients (17.4% vaccine uptake
all ages and 41.3% in 65 years old and above) was not cost-effective compared with no vaccination: incremental
cost-effective ratio of €63,154 (95% confidence interval: 8,091-197,776)/ QALY gained, with only 22%-26% of
cases being cost-effective (Table 3 and Supplementary Table S8). PCV15 or sequential PCV15+PPV23 both
were vaccination strategies cost-saving or cost-effective in 52% to 100% of cases compared with PPV 23 alone or
sequential PCV13+PPV23 (Table 3 and Table 5). However, PCV20 alone or sequential PCV20+PPV23 were
dominant options (more cost-saving and higher QALY gain) versus both PCV15 alone or sequential

PCV15+PPV23 in 100% of cases and also dominant compared with PPV23 or PCV13+PPV23 for extending
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dominance (Table 3 and Table 5). While PCV15 showed incremental cost versus PPV23, PCV20 alone
accounted for net economic benefit of 49.7 million Euros versus PCV15, and sequential PCV20+PPV23
accounted by 47.6 million Euros net saving compared with PCV15+PPV23 (Table 5). However, sequential
immunization with PCV20+PPV23 compared with PCV20 alone was not cost-effective or a dominated schedule
since would incur in an extra cost of 25.0 million Euros with few additional health benefits in term of QALY
gain or cases of disease averted (Table 3 and Table 5). Sequential PCV20+PPV23 versus PCV15+PPV23 and
PCV20 versus PPV23 would still be cost-saving (70% of cases) or cost-effective (100%) even in the case the
model would adjudicate effectiveness for PPV23 against VI-NBP (Supplementary Table S6).
3.2.3 Population aged = 65 years old

The results of cost-effectiveness analysis in persons 65 years old and above who vaccine uptake was collected in
38.0% of the population are shown in Table 3 and Table 6. PPV23 immunization in this group of patients was
not cost-effective compared with no vaccination: incremental cost-effective ratio of €56,153 (95% confidence
interval: 3,592-232,639)/QALY gained, with only 33%-37% of cases being cost-effective (Table 3 and
Supplementary table S9). Compared with PPV23 or PCV 13, PCV15 was cost-effective in 98%-100% of cases
(cost-saving in 63% versus PPV23), while PCV20 was cost-saving compared with PCV15in 100% of cases (and
versus PCV13 and PPV23 for extending dominance, Table 3). PCV20 alone would account fora net saving of
up to 99.7 million Euros (Table 6). In regions where this population is recommended to receive a sequential
schedule with PCV13+PPV23, combination of PCV15+PPV23 would be a dominant strategy in 100% of cases
compared with former vaccination, and also sequential PCV20+PPV23 would be cost-saving versus
PCV15+PPV23 also in 100% of cases (Table 3 and Table 6), the last accounting for up to 96.2 million Euros in a
lifetime horizon. As in previous vaccination risk groups, sequential PCV20+PPV23 vaccination was not cost-
effective versus PCV20 alone in persons 65 years old and above (Table 3 and Table 6) and would be associated
with an incremental cost of 48.4 million Euros with few additional health benefits: 46 deaths and 213 IPD cases
averted with sequential schedule in a lifetime horizon for an unaffordable ICER of €486,581 (95% CI: 76,840-
1,500,522)/ QALY gained (Table 3). Including effectiveness for PPV23 against VI-NBP did not change main
findings in this population group for PCV20 or sequential PCV20+PPV23 but was sensitive for PCV 15 which

would be reduced the % of cases being cost-effective versus PPV23 to 58%-63% (Supplementary Table S6).
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4 DISCUSSION

Despite major reductions in global pneumococcal burden following PCV 13 introduction, serotypes beyond those
included in the vaccine continue to cause disease. In Spain, following PCV13 introduction in 2010, during the
2009-2018 period, the decrease in IPD cases in adults due to PCV 13 serotypes was 71% in 18—64 years and 53 %
in 265 years, although there are still many cases due to serotypes 3 and 19A. In the territories that vaccinate
adults with PCV13, cases of IPD due to PCV13 serotypes were reduced by 35% during the period 2017-2018,
while in the territories this reduction is 9% 0. Conjugate vaccines such as PCV13 induce robust T-cell-dependent
immune responses associated with immunological memory and thus have the potential to provide substantial and
prolonged protection against pneumococcal disease’™ . Conversely, polysaccharide vaccines such as PPV23
induce T-cell-independent immune responses that are short-lived and deplete peripheral B cells, which may
explain why subsequent (“booster”) administration elicits an attenuated immune response”#. Therefore,
conjugate vaccines with more serotypes are preferable. PCV20 is the only conjugate vaccine under development
with highest number of serotype close to PPV23. Thus, PCV20 may represent an important public health
improvement in pneumococcal disease prevention by facilitating broader serotype coverage like PPV23 coupled
with the advantages of a conjugate vaccine!4154¢,

In this study, an evaluation was undertaken to assess the clinical and economic consequences of use of a single
dose of PCV20 among Spanish adult population aged 218 years compared to immunization based on PPV23 or
other alternative vaccination strategies according with Spanish national and regional recommendations for
immunization against pneumococcus in the adult population. A strength of conducting this economic evaluation
is that we included all existing and future vaccines against pneumococcus and all possible vaccination schedules
recommended both at national and regional levels. To the best of our knowledge, we could not find an economic
evaluation in the literature including next generation against pneumococcus conjugate vaccines and variety of
vaccination strategies evaluated. Also, several adult groups of patients depending on age or background risk for
pneumococcal disease were evaluated in this CE analysis. All scenarios in the model suggest that, from the
Spanish NHS perspective, implementation of an expanded vaccination program with PCV20 in all adults aged =
18 years, and in different age and risk subgroups, would reduce the number of cases of pneumococcal disease
and pneumococcal-related deaths and would be a cost-effective strategy compared to current vaccination with
PPV23 or other combination with existing or future pneumococcal vaccines. Such finding, from the NHS

perspective, were not only assuming the common WTP threshold in Spain from around €21,000 per additional

14



QALY* which is consistent with that of the WHO#, but also because PCV20 or sequential PCV20+PPV23
were both cost-saving vaccination strategies versus other possible combination including PCV13, PCV 15 alone
or sequentially with PPV23.

There should not surprise such results since PCV201is a conjugate vaccine with the highest effectiveness against
pneumococcal disease, covering a percentage of serotypes causing the disease near to PPV23, and, due that is
unknown at present, the analysis used the same acquisition cost for all conjugate vaccines. On the opposite, what
was an additional interesting observation in the economic analysis is that vaccination with PPV23 alone was not a
cost-effective strategy in patients 18 years old or above at risk (moderate risk for pneumococcal disease) or in
persons 65 years old and above. Also, we noticed that sequential vaccination with PCV20+PPV23 was not a
cost-effective option when compared with PCV20 alone in any of the situations analyzed. This is because the
additional protection given for the sequential strategy is poor in term of cases of disease or related deaths averted
compared with PCV20 alone, while the incremental cost of administering two vaccines timely separated is high.
The last could be a meaningful finding since it could simplify vaccination strategy against pneumococcus,
guaranteeing effective vaccination of people at a lower cost while maintaining the highest level of protection. It
should be pointed out that the model assumes all vaccinated subjects with a sequential scheme would receive
both vaccines in a lasting period between 12 weeks and one year, which may be too optimistic under real world
conditions of care in Spain?7.

In our analysis, we followed a sequential step by step analysis comparing the efficiency of existing or next
vaccines according with its chronological past or future availability, hierarchy of serotypes included in the
vaccines, subgroup of patients according to age and background risk and current national and regional
recommendation in Spain, in order to provide health decision makers at Public Health Authorities with as much
information as possible. Nonetheless, a limitation of this assessment is the uncertainty surrounding some of the
parameter estimates. Available data on levels and duration of PPV23 effectiveness against IPD among
immunocompetent persons, on an overall basis, as well as by age, risk, and time since receipt, are currently
limited. In the absence of percentage of persons previously vaccinated with PCV13, we assumed similar
percentage between 18-64 years and = 65 years. Some parameters such as waning of the vaccine protection over
the long-term and indirect effects are uncertain. However, a conservative estimate for indirect effects was
employed for the base case scenario and sensitivity analyses for waning effect confirmed robustness of results.

Furthermore, the present model did not include indirect costs that could be useful for a societal analysis.
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However, the inclusion of indirect costs would lead to a lower ICER, as the working-age population (= 18 years)
is expected to have less work loss due to pneumococcal pneumonia. For PPV23 effectiveness against all-cause
NBP, we assumed the vaccine conferred no benefit, consistent with the findings of recent metaanalysis.
Nonetheless, a complementary analysis including effectiveness of PPV23 for VI-NBP raised by some authors
was included in a sensitivity analysis*344. Finally, the model could not incorporate long term consequences (one
or more years) of pneumococcal disease such augmented mortality at one year or health consequences

consuming resources and, therefore, costing to the NHS and the society.

5 CONCLUSION

All Spanish regions fund PPV23 for the prevention of pneumococcal disease in adults aged = 18 years at risk and
in all persons 65 years and above, and sequential with PCV13+PPV23 in immunocompromised subjects.
However, based on reasonable assumptions regarding existing and future conjugate vaccines and PPV23
effectiveness as well as available epidemiologic and cost data, the use of one dose of PCV20 for patients aged
218 years at risk and with immunocompromising medical conditions, and in persons 65 years old and above,
instead of immunization with PPV23 (or sequential with PCV13+PPV23), would lead to a decline in IPD,
inpatient and outpatient NBP cases, and related deaths, while saving monetary resources to the NHS. The results
of this research suggest that implementing a comprehensive immunization program with PCV20 alone for the
prevention of pneumococcal disease among all Spanish adults aged = 18 years (especially those who are
immunocompromised or at risk) would be a highly cost-effective option compared to current vaccination

schemes.
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KEY POINTS

The administration of 20-valent conjugate pneumococcal vaccine in a 218 years population would account

higher health benefits than current vaccination policy with polysaccharide vaccine.

Vaccination with 20-valent conjugate pneumococcal vaccine in patients aged 218-years was a cost-effective

strategy in Spain.

COMPLIANCE WITH ETHICAL STANDARDS
Funding

The author of this work declares not having received any funding.

Conflicts of interest

The author has no conflicts of interest to declare.

17



10.

11.

12.

REFERENCES

Licciardi PV, Toh ZQ, Dunne E, Wong S-S, Mulholland EK,, Tang M, et al. Protecting against
Pneumococcal Disease: Critical Interactions between Probiotics and the Airway Microbiome. PLOS
Pathogens 2012;8:¢1002652. Available at: https://doi.org/10.1371/journal ppat.1002652. (Accessed
September 2021).

Henriques-Normark B, Tuomanen EI. The pneumococcus: epidemiology, microbiology, and pathogenesis.
Cold Spring Harb Perspect Med. 2013;3(7). Available at: https://doi.org/10.1101 /cshperspect.a010215.
(Accessed August 2021).

Berical AC, Harris D, Dela Cruz CS, Possick JD. Pneumococcal Vaccination Strategies. An Update and
Perspective. Ann Am Thorac Soc 2016;13:933—44. Available at:
https://doi.org/10.1513/AnnalsATS.201511-778 FR.(Accessed August 2021).

Grupo de trabajo vacunacién frente a neumococo en grupos de riesgo 2015 de la Ponencia de Programas y
Registro de Vacunaciones. Utilizacién de la vacuna frente a neumococo en grupos de riesgo. Comision de
Salud Publica del Consejo Interterritorial del Sistema Nacional de Salud. Ministerio de Sanidad, Consumo y
Bienestar Social. 2015. Available at:

https:/ /www.mscbs.gob.es/profesionales/saludPublica/ prevPromocion/vacunaciones/programasDeVacu
nacion/docs/Neumococo_Grupostiesgo.pdf. (Accessed August 2021).

Grupo de trabajo vacunacién en poblaciéon adulta y grupos de riesgo de la Ponencia de Programa
y Registro de Vacunaciones. Vacunacién en poblacién adulta. Comisién de Salud Publica del
Consejo Interterritorial del Sistema Nacional de Salud. Ministerio de Sanidad, Consumo y Bienestar
Social, septiembre 2018. Available at:

https:/ /www.mscbs.gob.es/profesionales/saludPublica/ prevPromocion/vacunaciones/programasDeVacu
nacion/docs/Vacunacion_poblacion_adulta.pdf (Accessed September 2021).

World Health Organization. WHO vaccine-preventable diseases: monitoring system. 2020 global summary.
Available at: http://apps.who.int/immunization_monitoting/globalsummary/diseases. (Accessed August
2021).

Clutterbuck EA, Lazarus R, Yu L-M, Bowman J, Bateman EAL, Diggle L, et al. Pneumococcal conjugate

and plain polysaccharide vaccines have divergent effects on antigen-specific B cells. ] Infect Dis
2012;205:1408-16. Available at: https://doi.org/10.1093 /infdis/jis212. (Accessed August 2021).

Bonten MJM, Huijts SM, Bolkenbaas M, Webber C, Patterson S, Gault S, et al. Polysaccharide Conjugate
Vaccine against Pneumococcal Pneumonia in Adults. New England Journal of Medicine 2015;372:1114—
25. Available at: https://doi.org/10.1056/NEJMoal408544. (Accessed August 2021).

Comité Asesor de Vacunas (CAV-AEP). Manual de Vacunas en linea de la AEP. Madrd: AEP; 2020.

Available at: http://vacunasaep.org/documentos/manual/manual-de-vacunas. (Accessed September
2021).

de Miguel S, Domenech M, Sempete J, Vicioso MD, Gonzalez-Camacho F, Yuste . Nationwide Trends of
Invasive Pneumococcal Disease in Spain From 2009 Through 2019 in Children and Adults During the
Pneumococcal Conjugate Vaccine Era. Clin Infect Dis 2020;ciaa1483. Available at:
https://doi.org/10.1093/cid/ciaa1483 (Accessed August 2021).

Mootre MR, Link-Gelles R, Schaffner W, Lynfield R, Lexau C, Bennett NM, et al. Effect of use of 13-
valent pneumococcal conjugate vaccine in children on invasive pneumococcal disease in children and
adults in the USA: analysis of multisite, population-based surveillance. Lancet Infect Dis 2015;15:301-9.
Available at: https://doi.org/10.1016/S1473-3099(14)71081-3. (Accessed August 2021).

Tomeczyk S, Lynfield R, Schaffner W, Reingold A, Miller L, Petit S, et al. Prevention of Antibiotic-

Nonsusceptible Invasive Pneumococcal Disease With the 13-Valent Pneumococcal Conjugate Vaccine.
Clin Infect Dis 2016;62:1119-25. Available at: https://doi.org/10.1093/cid/ciw067. (Accessed August

18



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

2021).

Vadlamudi NK, Chen A, Marra F. Impact of the 13-Valent Pneumococcal Conjugate Vaccine Among
Adults: A Systematic Review and Meta-analysis. Clin Infect Dis 2019;69:34—49. Available at:
https://doi.org/10.1093/cid/ciy872. (Accessed August 2021).

Lee C, Choi SK, Kim RK, Kim H, Whang YH, Pharm H, et al. Development of a new 15-valent
pneumococcal conjugate vaccine (PCV15) and evaluation of its immunogenicity. Biologicals 2019;61:32—7.
Available at: https://doi.org/10.1016/j.biologicals.2019.07.005. (Accessed August 2021).

Thompson A, Lamberth E, Severs J, Scully 1, Tarabar S, Ginis J, et al. Phase 1 trial of a 20 -valent
pneumococcal conjugate vaccine in healthy adults. Vaccine 2019;37:6201—7. Available at:
https://doi.org/10.1016/j.vaccine.2019.08.048. (Accessed August 2021).

Hurley D, Griffin C, Young M Jt, Scott DA, Pride MW, Scully IL, et al. Safety, Tolerability, and
Immunogenicity of a 20-Valent Pneumococcal Conjugate Vaccine (PCV20) in Adults 60 to 64 Years of
Age. Clinical Infectious Diseases 2020. Available at: https://doi.org/10.1093/cid/ciaal045. (Accessed
August 2021).

Mangen M-JJ, Rozenbaum MH, Huijts SM, van Werkhoven CH, Postma DF, Atwood M, et al. Cost-
effectiveness of adult pneumococcal conjugate vaccination in the Netherlands. Eur Respir ] 2015;46:1407—
16. Available at: https://doi.org/10.1183/13993003.00325-2015.(Accessed August 2021).

Stoecker C, Kim L, Gierke R, Pilishvili T. Incremental Cost-Effectiveness of 13-valent Pneumococcal
Conjugate Vaccine for Adults Age 50 Years and Older in the United States. ] Gen Intern Med
2016;31:901-8. Available at: https://doi.org/10.1007 /s11606-016-3651-0. (Accessed August 2021).

Rodriguez Gonzalez-Moro JM, Menéndez R, Campins M, Lwoff N, Oyagtiez I, Echave M, et al. Cost
Effectiveness of the 13-Valent Pneumococcal Conjugate Vaccination Program in Chronic Obstructive
Pulmonary Disease Patients Aged 50+ Years in Spain. Clin Drug Investig 2016;36:41—53. Available at:
https://doi.org/10.1007/s40261-015-0345-z. (Accessed August 2021).

Heo JY, Seo YB, Choi WS, Lee J, Noh JY, Jeong HW, et al. Cost-effectiveness of pneumococcal
vaccination strategies for the elderly in Korea. PLOS ONE 2017;12:e0177342. Available at:
https://doi.org/10.1371/journal.pone.0177342. (Accessed August 2021).

Stoecker C, Kobayashi M, Matanock A, Cho B-H, Pilishvili T'. Cost-effectiveness of continuing
pneumococcal conjugate vaccination at age 65 in the context of indirect effects from the childhood
immunization program. Vaccine 2020;38:1770-7. Available at:
https://doi.org/10.1016/j.vaccine.2019.12.029. (Accessed August 2021).

Hoek AJ van, Miller E. Cost-Effectiveness of Vaccinating Immunocompetent 265 Year Olds with the 13-
Valent Pneumococcal Conjugate Vaccine in England. PLOS ONE 2016;11:¢0149540. Available at:
https://doi.org/10.1371/journal.pone.0149540. (Accessed August 2021).

Atwood M, Beausoleil L, Breton MC, Laferriere C, Sato R, Weycker D. Cost-effectiveness of alternative
strategies for use of 13-valent pneumococcal conjugate vaccine (PCV13) in Canadian adults. Can ] Public
Health. 2018;109(5-6):756-768. Available at: https://doi.org/10.17269/s41997-018-0050-9. (Accessed
August 2021).

Instituto Nacional de Estadistica. Series detalladas desde 2002. Poblacién residente en Espafia a 1 de enero.
Resultados nacionales. En: INEbase. Madrid: Instituto Nacional de Estadistica; 2021. Available at:
http:/ /www.ine.es. (Accessed August 2021).

Zimmerman RK, Lauderdale DS, Tan SM, Wagener DK. Prevalence of high-risk indications for influenza

vaccine varies by age, race, and income. Vaccine 2010; 28:6470-7. Available at:

https://doi.org/10.1016/j.vaccine.2010.07.037. (Accessed August 2021).

19



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

306.

37.

Rejas-Gutiérrez J, Sicras-Mainar A, Sicras-Navarro A, Llwoff N, Méndez C. Economic healthcare burden
of all-cause community-acquired pneumonia in adults by age, risk and setting in real-world data in Spain.
ePosters 616. 31st ECCMID, the European Congress of Clinical Microbiology and Infectious Diseases
2021;9-12. (Accessed August 2021).

Vila-Céreoles A, Ochoa-Gondar O, de Diego C, Satué E, Vila-Rovira A, Aragdn M. Pneumococcal
vaccination coverages by age, sex and specific undetying risk conditions among middle-aged and older
adults in Catalonia, Spain, 2017. Euro Sutveill 2019;24. Available at: https://doi.org/10.2807/1560-
7917.ES.2019.24.29.1800446. (Accessed August 2021).

Djennad A, Ramsay ME, Pebody R, Fry NK, Sheppard C, Ladhani SN, et al. Effectiveness of 23-Valent
Polysaccharide Pneumococcal Vaccine and Changes in Invasive Pneumococcal Disease Incidence from
2000 to 2017 in Those Aged 65 and Over in England and Wales. EClinicalMedicine 2019;6:42—50.

Available at: https://doi.org/10.1016/j.eclinm.2018.12.007. (Accessed August 2021).

Dominguez A, Soldevila N, Toledo D, Torner N, Force L, Pérez M], et al. Effectiveness of 23-valent
pneumococcal polysaccharide vaccination in preventing community-acquired pneumonia hospitalization
and severe outcomes in the eldetly in Spain. PLoS One 2017;12:e0171943. Available at:
https://doi.org/10.1371/journal.pone.0171943. (Accessed August 2021).

Schiffner-Rohe J, Witt A, Hemmerling J, von Eiff C, Leverkus F-W. Efficacy of PPV23 in Preventing
Pneumococcal Pneumonia in Adults at Increased Risk—-A Systematic Review and Meta-Analysis. PLoS
One 2016;11:¢0146338. Available at: https://doi.org/10.1371 /journal.pone.0146338. (Accessed August
2021).

Surveillance Atlas of Infection Diseases. Spain 2018. Available at:
https:/ /atlas.ecdc.europa.cu/public/index.aspx (Accessed August 2021).

Torres A, Menéndez R, Espafia PP, Femandez-Villar JA, Marimén JM, Cilloniz C, et al. The evolution and
distribution of pneumococcal serotypes in adults hospitalized with community acquired pneumonia in
Spain using serotype specific urinary antigen detection test: the CAPA study, 2011-2018. Clin Infect Dis
2021:ciab307. Available at: https://doi.org/10.1093 /cid/ciab307. (Accessed August 2021).

RAE-CMBD, Registro de Actividad de Atencién Especializada — Conjunto Minimo Basico de Datos
(Registry of Specialized Health Care — Minimum Basic Data Set). Ministerio de Sanidad. Subdireccién

General de Informacion Sanitaria. Available at:
https://pestadistico.inteligenciadegestion.mscbs.es/PUBLICOSNS (Accessed August 2021).

Rivero-Calle I, Pardo-Seco J, Aldaz P, Vargas DA, Mascarés E, Redondo E, et al. Incidence and risk factor
prevalence of community-acquired pneumonia in adults in primary care in Spain NEUMO-ES-RISK
project). BMC Infect Dis 2016;16:645. Available at: https://doi.org/10.1186/s12879-016-1974-4.
(Accessed August 2021).

Chacén Garcfa A, Ruigémez A, Garcia Rodriguez LA. Incidencia de neumonfa adquirida en la comunidad
en la cohorte poblacional de la base de datos en atencién primaria (BIFAP). Aten Primaria 2010;42:543-9.
Available at: https://doi.org/10.1016/j.aprim.2010.05.004. (Accessed August 2021).

Ministetio de Sanidad, Setrvicios Sociales e Igualdad. Encuesta Nacional de Salud. Espafia 2011/12.
Calidad de vida relacionada con la salud en adultos: EQ-5D-5L. Serie Informes monograficos no 3.
Madrid: Ministerio de Sanidad, Servicios Sociales e Igualdad, 2014. Available at:

https:/ /www.mscbs.gob.es/estadEstudios/ estadisticas/ encuestaNacional /encuestaNac2011 /informesMon
ograficos/CVRS_adultos_ EQ_5D_5L.pdf (Accessed August 2021).

Ministerio de Sanidad, Servicios Sociales e Igualdad. Acuerdo Marco para la seleccién de
suministradores de vacunas de calendario y otras para determinados 6rganos de contrataciéon de la
Administracién General del Estado, las ciudades de Ceuta y Melilla y varias Comunidades
Auténomas. Madrid: Ministerio de Sanidad, Servicios Sociales e Igualdad. 2016. Available at:
https://contrataciondelestado.es/wps/wem/ connect/2462d145-06e6-45a-b0 3e-

20



38.

39.

40.

41.

42.

43.

44,

45.

46.

4£fdd3e0debd8/DOC_CN2016-388641.pdfP MOD=A]JPERES. (Accessed August 2021).

Soler Soneira M, Olmedo Lucerén C, Sinchez-Cambronero L, Cantero Gudino E, Limia Sanchez A. El
coste de vacunar a lo largo de toda la vida en Espafia. Rev Esp Salud Publica. 2020; 94: e1-12. Available at:
https://doi.org/10.4321/S1135-57272020000100016. (Accessed August 2021).

Lépez-Bastida J, Oliva ], Antofianzas F, Garcia-Altés A, Gisbert R, Mar J, et al. Spanish recommendations
on economic evaluation of health technologies. Eur | Health Econ 2010;11:513-20. Available at:
https://doi.org/10.1007/s10198-010-0244-4. (Accessed August 2021).

Ortega A, Marin R, Fraga MD, Lépez-Briz E, Puigventés F. Guia de evaluacién econdémica e impacto
presupuestario en los informes de evaluacién de medicamentos. Guia practica asociada al programa
MADRE v 4.0. Madrid: SEFH (ed.), 2016. Available at:
http://gruposdetrabajo.sefh.es/genesis/index.php?option=com_content&view=atticle&id=11&Itemid=1
3. (Accessed August 2021).

Bertram, Melanie Y, Lauer, Jeremy A, De Joncheere, Kees, Edejer, Tessa, Hutubessy, Raymond. et al.
(2016). Cost—effectiveness thresholds: pros and cons. Bulletin of the World Health Organization, 94 (12),
925 - 930. World Health Organization. Available at: http://dx.doi.org/10.2471/BLT.15.164418 (Accessed
August 2021).

Instituto Nacional de Estadistica. Contabilidad regional de Espafia 2000-2019. PIB y PIB per capita. Serie
2000-2019. Resultados por comunidades y ciudades autonomas. En: INEbase. Madrid: Instituto Nacional
de Estadistica; 2021. Available at: http://www.ine.es. (Accessed August 2021).

Lawrence H, Pick H, Baskaran V, Daniel P, Rodrigo C, Ashton D, et al. Effectiveness of the 23 -valent
pneumococcal polysaccharide vaccine against vaccine serotype pneumococcal pneumonia in adults: A case-
control test-negative design study. PLoS Med 2020;17:¢10033206. Available at:
https://doi.org/10.1371/journal.pmed.1003326. (Accessed August 2021).

Suzuki M, Dhoubhadel BG, Ishifuji T, Yasunami M, Yaegashi M, Asoh N, et al. Adult Pneumonia Study
Group-Japan (APSG-J). Serotype-specific effectiveness of 23-valent pneumococcal polysaccharide vaccine
against pneumococcal pneumonia in adults aged 65 years or older: a multicentre, prospective, test-negative
design study. Lancet Infect Dis. 2017; 17(3):313-21. Available at: https://doi.org/10.1016/S1473-
3099(17)30049-X. (Accessed August 2021).

Wantuch PL, Avci FY. Invasive pneumococcal disease in relation to vaccine type serotypes. Hum Vaccin
Immunother 2019;15:874—5. Available at: https://doi.otg/10.1080/21645515.2018.1564444. (Accessed

August 2021).

Musher DM, Manof SB, Liss C, McFetridge RD, Marchese RD, Bushnell B, et al. Safety and antibody
response, including antibody persistence for 5 years, after primary vaccination or revaccination with
pneumococcal polysaccharide vaccine in middle-aged and older adults. | Infect Dis 2010;201:516-24.
Available at: https://doi.org/10.1086/649839. (Accessed August 2021).

21



TABLES

Table 1. Model parameter estimates of population size, disease rates, case-fatality rates, serotype coverage and associated costs in year 2018.

Age (years) /Risk 18-49 50-64 65-74 75-84 85+ Sources
profile Low Moderate High Low Moderate High Low Moderate High Low Moderate High Low Moderate High
Population,n 19,768,452 9,836,898 4,623,808 3,014,619 1,526,603 IN_E
(%) 768 202 31 569 305 126 496 319 185 09 34 238 4 B2 274 posdes
Incidence (cases/100,000 inhabitants-year)
IPD CMBD, CAPA
Bacteremia 43 12.7 584 169 276 684 201 39.8 68.9 32.1 509 1015 439 866 1321 Study&Rejas]
et al. ECCMID
Meningitis 0.2 0.7 3.0 0.9 1.5 3.7 1.4 2.8 4.8 1.3 2.1 4.2 0.8 1.6 24 2021
All-cause NBP CMBD, CAPA
Hospitalized 41.5 122.5 563.9 165.1 269.8 667.6 392.1 776.0 1344.4 939.0 1488.7 2964.4 1857.6 3663.0 5587.2 i{gjz,]}iljfp&
Outpatient care 197.3 260.2 271.3 266.2 323.0 337.9 427.7 492.4 531.0 647.1 700.2 803.3 1096.1 1203.2 1230.9 E(]:CMID 2'021
30-days case fatality rate (per 100)?
Bacteremia 2.65 6.82 14.82 2.04 7.01 29.74 3.10 8.51 31.82 7.63 17.98 31.89 24.70 28.52 37.38 CMBD
Meningitis 2.95 7.59 16.49 1.29 4.43 18.79 2.14 5.88 27.78 7.49 17.64 31.29 40.24 46.47 60.90
Hospitalized NBP  0.06 1.80 2.60 0.46 2.30 7.40 1.60 4.40 20.80 4.5 10.60 18.80 22.60 26.10 34.20 Ee(]jzgl\JA;;)aléozl
Vaccine serotype coverage (%)
IPD
PCV13 28.3 28.3 28.3 28.3 28.3 28.3 33.3 33.3 33.3 33.3 33.3 33.3 33.3 33.3 33.3 ECDC2018
PCV15 35.3 35.3 35.3 35.3 35.3 35.3 37.3 37.3 37.3 37.3 37.3 37.3 37.3 37.3 37.3
PCV20 66.6 66.6 66.6 66.6 66.6 66.6 62.0 62.0 62.0 62.0 62.0 62.0 62.0 62.0 62.0
PPV23 72.3 72.3 72.3 72.3 72.3 72.3 67.9 67.9 67.9 67.9 67.9 67.9 67.9 67.9 67.9
All-cause NBP
PCV13 12.5 12.5 12.5 12.5 12.5 12.5 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2  CAPAstudy
PCV15 13.2 13.2 13.2 13.2 13.2 13.2 15.3 15.3 15.3 15.3 15.3 15.3 15.3 15.3 15.3
PCV20 27.7 27.7 27.7 27.7 27.7 27.7 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3
PPV23 29.7 29.7 29.7 29.7 29.7 29.7 23.2 23.2 23.2 23.2 23.2 23.2 23.2 23.2 23.2
Health state utility Spanish
for general 0.9680 0.9280 0.8882  0.9279 0.8338  0.8091 0.9038 0.7876 0.7891 0.8264 0.6866 0.6853 0.6516 0.4868  0.4547 National Health
population Survey, 2012
g;‘g‘fg‘;’s‘; i‘gh.‘;gclngp) 0.0709 0.0709 0.0709 0.0709 0.0709 %T?geﬂ] ctal
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Reductionin utili Mangen J et al.
(outpatient NB) R 0.0045 0.0045 0.0045 0.0045 0.0045 o1 ]
Vaccine uptake? Rejas ] et al.
(%) 0.4 0.9 378 13 150 591 6.6 31.1 483 356 461 669 695 607 770 ECCMID2021
Cost per episode (€)
IPD
Bacteremia 8578 8578 8578 8701 8701 8701 8284 8284 8284 7204 7204 7204 6399 6399 6,399 CMBD
Meningitis 9804 9804 9,804 10128 10,128 10,128 12,150 12150 12150 10,195 10,95 10,195 9104 9104 9,104
All-cause NBP
Hospitalized 3266 3,844 3703 3411 30695 4180 3366 4396 4389 3822 4633 4598 3568 4024 4313 RejasJeral
Outpatientcare 396 451 627 420 533 686 474 639 700 525 654 787 556 597 o7 PCCMID 2021

IPD: Invasive pneumococcal disease; NBP: Non-bacteremic pneumonia; PCV: Pneumococcal conjugate vaccine; PPV: Pneumococcal polysaccharide vaccine; INE: Instituto Nacional de Estadistica (National Institute on Statistic),
http:/ /www.ine.cs/ (Accessed: 4 August 2021); CMBD: Conjunto Minimo Béasico de Datos (Minimum basic data set), Ministry of Health https://pestadistico.inteligenciadegestion.mscbs.cs/publicoSNS/N /rae-cmbd/cmbd-h
(Accessed: 4 August 2021); CAPA study (Torres A et al. Clin Infect Dis. 2021.doi: 10.1093/cid/ciab307); BIFAP -Spanish Computerized Database for Pharmacoepidemiological Studies in Primary Care - database (Rivero-Calle I etal.
BMC Infect Dis 2016; 16, 645. doi.org/10.1186/s12879-016-1974-4); ECDC. Surveillance Atlas of Infectious Diseases for Invasive Bacterial Diseases, Spain 2018 data,available at: https:/ /atlas.ecdc.curopa.cu/public/index.aspx
(Accessed 5 August 2021).

IExcess mortality for outpatient NBPis assumed to be 0 (same than in the general population) in the model, 2 Model assumes thatin sequential vaccination strategies, both vaccines uptake is at the same percentage.
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Table 2. Cost-effectiveness results in the base case analysis.

Population 2 18 years at model entry (n= 38.77 million inhabitants, vaccine uptake: 13.1% all ages,

38.0% 65+ years old) PPV23 PCV20 Difference
Outcomes (No. of cases)

IPD 368,446 360,652 7,794
Bacteremia 352,745 345,268 -7,477
Meningitis 15,701 15,384 -317

NBP
Requiring inpatient care 8,044,299 7,979,675 -64,624
Requiring outpatient care 5,700,313 5,672,541 -27,772

No. of deaths 1,092,138 1,077,988 -14,150

Life-years (discounted) 742,491,547 742,569,088 77,541

Quality-adjusted life-years (discounted) 646,825,635 646,876,036 50,401

Total costs (€, in thousands)

Medical care 19,048,937 18,743,781 -305,157

Vaccination 82,400 247,659 165,259

Medical + vaccination 19,131,338 18,991,440 -139,898

Incremental cost-effectiveness ratio (Healthcare system perspective, €)
Incremental cost per life-year gained - - -1,804
Incremental cost per quality-adjusted life-year gained - - -2,766
PPV23 PCV15 Difference
Outcomes (No. of cases)

I1PD 368,446 365,215 -3,225
Bacteremia 352,745 349,632 -3,106
Meningitis 15,701 15,583 -119

NBP
Requiring inpatient care 8,044,299 8,010,485 -33.814
Requiring outpatient care 5,700,313 5,686,081 -14,232

No. of deaths 1,092,138 1,084,689 7,449

Life-years (discounted) 742,491,547 742,530,318 38,770

Quality-adjusted life-years (discounted) 646,825,635 646,852,774 27,139

Total costs (€, in thousands)

Medical care 19,048,937 18,894,885 -154,053

Vaccination 82,400 247,659 165,259

Medical + vaccination 19,131,338 19,142,544 11,206

Incremental cost-effectiveness ratio (Healthcare system perspective, €)
Incremental cost per life-year gained - - 289
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Incremental cost per quality-adjusted life-year gained - - 413
PCV15 PCV20 Difference
Outcomes (No. of cases)

I1PD 365,215 360,652 -4,563
Bacteremia 349,632 345,268 -4,364
Meningitis 15,583 15,384 -199

NBP
Requiring inpatient care 8,010,485 7,979,675 -30,810
Requiring outpatient care 5,686,081 5,672,541 -13,540

No. of deaths 1,084,689 1,077,988 -6,701

Life-years (discounted) 742,530,318 742,569,088 77,541

Quality-adjusted life-years (discounted) 646,852,774 646,876,036 50,401

Total costs (€, in thousands)

Medical care 18,894,885 18,743,781 -151,104

Vaccination 247,659 247,659 0

Medical + vaccination 19,142,544 18,991,440 -151,104

Incremental cost-effectiveness ratio (Healthcare system perspective, €)
Incremental cost perlife-year gained - - -1,949
Incremental cost per quality-adjusted life-year gained - - -2,998

IPD: Invasive pneumococcal disease; NBP: Non-bacteremic pneumonia; PCV: Pneumococcal conjugate vaccine; PPV: Pneumococcal polysaccharide vaccine
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Table 3. Probabilistic cost-effectiveness analysis of pneumococcal vaccination strategies with Pneumococcal Conjugate and Polysaccharide vaccines in development in

Spanish adults.

Cost-effectiveness analysis?

Likelihood of cost-effective

Likelihood of (% of iterations)

Population :
cost-saving

Vaccination strategy! ICER?

(93% probabilistic CI) o/ ¢t orations) By GENESISthreshold By WHO threshold
(€21,000/ QALY) (€25,770/ QALY)
18+ years old 1,575 0 0 0
Y PCV15vs PPV23 (:9,441 18 493) 44% 98% 99%
-8,619 o o o
PCV20vs PCV15 (:25,660; -2,442) 100% 100% 100%
PCV20vs PPV23 (9 4;51813 404) 84% 100% 100%
18+ years old Sequential PCV15+PPV23 vs seq PCV13+PPV23 _6’%78 100% 100% 100%
immunocompromised (—23,0263,6—2,785)
high risk H e 0 0, 0
(hig ) Sequential PCV20+PPV23 vs seq PCV15+PPV23 (-16,916;-1,947) 100% 100% 100%
-9,738 o o o
PCV20alonevs seq PCV15+PPV23 (:26,458; -2,439) 100% 100% 100%
216,545
. > 0 0 0
Sequential PCV20+PPV23 vs PCV20 alone (39,335;770,551) 0% 0% 0%
18+ years old atrisk e 63,154
(mogerate ik PPV23vs No vaccination (8,091; 197,776) 0% 22% 26%
977 0 0 0
PCV15vs PPV23 (-18,850;36,123) 52% 96% 96%
-13,827 o o o
PCV20vs PCV15 (:38,743;-3,774) 100% 100% 100%
. -15,151 . . .
Sequential PCV15+PPV23 vs seq PCV13+PPV23 (-36,867; -4,117) 100% 100% 100%
-1
Sequential PCV20+PPV23 vs seq PCV15+PPV23 (36, 41%;6_739’ 843) 100% 100% 100%
. 498,698 o o 0
Sequential PCV20+PPV23 vs PCV20 alone (106,295, 1,420,061) 0% 0% 0%
65+ years old PPV 23 vs No vaccination 56,153 0% 33% 37%
(all risk groups) (3,592; 232,639)
189 o . o
PCV15vs PPV23 (-15,229,18 202) 63% 98% 98%
PCV15vs PCV13 -9,020 100% 100% 100%
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(-27,406; -2,827)
-10,353

PCV20vs PCV15 (25905, 2726) 100% 100% 100%
Sequential PCV15+PPV23 vs seq PCV13+PPV23 (_31"11212’;2_229’381) 100% 100% 100%
Sequential PCV20+PPV23 vs seq PCV 15+ PPV23 3 5,615(11;7_230,01 ) 100% 100% 100%
Sequential PCV20+PPV23 vs PCV20 - 82&%?58010’ o) 0% 0% 0%

PCV: Pneumococcal conjugate vaccine; PPV: Pneumococcal polysaccharide vaccine; CI: Confidence interval; seq: sequential
IModel horizon is lifetime (82 years) in all strategies; 2Cost-effectiveness probabilisticanalysis by Montecarlo simulation; >ICER: Incremental cost-effectiveness ratio in Euros/ QALY gained.
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Table 4. Cost-effectiveness results in immunocompromised (high risk) patients according with different vaccination schedules.

Immunocompromised 2 18 years at model entry (n= 3.83 million inhabitants, vaccine uptake:

56.7% all ages, 61.0% 65+ years old) PCV13+PPV23 PCV15+PPV23 Difference
Outcomes (No. of cases)

1PD 58,411 57,962 -449
Bacteremia 55,885 55,457 -428
Meningitis 2,526 2,505 -21

NBP
Requiring inpatient care 1,260,991 1,258,531 -2,460
Requiring outpatient care 388,854 388,041 -813

No. of deaths 291,447 290,811 -636

Life-years (discounted) 47,492 568 47,496,782 4,214

Quality-adjusted life-years (discounted) 35,616,649 35,619,330 2,682

Total costs (€, in thousands)

Medical care 4,133,784 4,120,636 -13,148

Vaccination 137,877 137,878 1

Medical + vaccination 4,271,661 4,258 514 -13,147

Incremental cost-effectiveness ratio (Healthcare system perspective, €)
Incremental cost perlife-year gained - - -3,120
Incremental cost per quality-adjusted life-year gained - - -4,902
PCV15+PPV23 PCV20+PPV23 Difference
Outcomes (No. of cases)

IPD 57,962 55,660 -2,302
Bacteremia 55,457 53,262 -2,195
Meningitis 2,505 2,398 -107

NBP
Requiring inpatient care 1,258,531 1,243,155 -33,814
Requiring outpatient care 388,041 382,952 -14,232

No. of deaths 290,811 286,990 -7,449

Life-years (discounted) 47,496,782 47,521,299 24,517

Quality-adjusted life-years (discounted) 35,619,330 35,636,186 16,856

Total costs (€, in thousands)

Medical care 4,120,636 4,043,293 -77,343

Vaccination 137,878 137,885 7

Medical + vaccination 4,258,514 4,181,178 -77,336

Incremental cost-effectiveness ratio (Healthcare system perspective, €)
Incremental cost perlife-year gained - - -3,154
Incremental cost per quality-adjusted life-year gained - - -4.588
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PCV20 PCV20+PPV23 Difference
Outcomes (No. of cases)

IPD 55,777 55,660 -117
Bacteremia 53,374 53,262 -112
Meningitis 2,403 2,398 -5

NBP
Requiring inpatient care 1,243,144 1,243,155 11
Requiring outpatient care 382,949 382,952 3

No. of deaths 287,023 286,990 -33

Life-years (discounted) 47,520,997 47,521,299 303

Quality-adjusted life-years (discounted) 35,635,975 35,636,186 217

Total costs (€, in thousands)

Medical care 4,044,144 4,043,293 -851

Vaccination 105,834 137,885 32,051

Medical + vaccination 4,149,978 4,181,178 31,200

Incremental cost-effectiveness ratio (Healthcare system perspective, €)
Incremental cost perlife-year gained - - 102,964
Incremental cost per quality-adjusted life-year gained - - 143,539

IPD: Invasive pneumococcal disease; NBP: Non-bacteremic pneumonia; PCV: Pneumococcal conjugate vaccine; PPV: Pneumococcal polysaccharide vaccine.
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Table 5. Cost-effectiveness results in at risk (moderate risk) patients according with different vaccination schedules.

Immunocompetent with moderate risk = 18 years at model entry (n=10.03 million inhabitants,

vaccine uptake: 17.4% all ages, 41.3% 65+ years old) PPV23 PCV15 Difference
Outcomes (No. of cases)

I1PD 110,383 109,376 -1,007
Bacteremia 105,531 104,558 -973
Meningitis 4,852 4,818 -34

NBP
Requiring inpatient care 2,348,865 2,337,122 -11,744
Requiring outpatient care 1,343,728 1,338,341 -5,387

No. of deaths 314,902 312,813 -2,089

Life-years (discounted) 170,707,053 170,716,082 9,029

Quality-adjusted life-years (discounted) 136,671,383 136,676,399 5,016

Total costs (€, in thousands)

Medical care 6,289,054 6,236,095 -52,959

Vaccination 28,274 84,980 56,706

Medical + vaccination 6,317,328 6,321,075 3,747

Incremental cost-effectiveness ratio (Healthcare system perspective, €)
Incremental cost perlife-year gained - - 415
Incremental cost per quality-adjusted life-year gained - - 747
PCV15 PCV20 Difference
Outcomes (No. of cases)

I1PD 109,376 108,026 -1,350
Bacteremia 104,558 103,265 -1,293
Meningitis 4,818 4,761 -57

NBP
Requiring inpatient care 2,337,122 2,326,757 -10,365
Requiring outpatient care 1,338,341 1,333,230 -5,111

No. of deaths 312,813 311,074 -1,739

Life-years (discounted) 170,716,082 170,723,105 7,023

Quality-adjusted life-years (discounted) 136,676,399 136,681,416 5,016

Total costs (€, in thousands)

Medical care 6,236,095 6,180,406 -49,689

Vaccination 84,980 84,980 0

Medical + vaccination 6,321,075 6,271,387 -49,689

Incremental cost-effectiveness ratio (Healthcare system perspective, €)
Incremental cost perlife-year gained - - -7,076
Incremental cost per quality-adjusted life-year gained - - -9,906
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PCV13+PPV23 PCV15+PPV23 Difference
Outcomes (No. of cases)

I1PD 109,200 108,985 -215
Bacteremia 104,390 104,184 -206
Meningitis 4,810 4,801 -9

NBP
Requiring inpatient care 2,338,795 2,337,132 -1,663
Requiring outpatient care 1,339,168 1,338,345 -823

No. of deaths 313,036 312,754 -282

Life-years (discounted) 170,715,078 170,716,082 1,004

Quality-adjusted life-years (discounted) 136,676,399 136,677,403 1,003

Total costs (€, in thousands)

Medical care 6,241,286 6,233,247 -8,039

Vaccination 110,718 110,718 0

Medical + vaccination 6,352,005 6,343,966 -8,039

Incremental cost-effectiveness ratio (Healthcare system perspective, €)
Incremental cost per life-year gained - - -8,007
Incremental cost per quality-adjusted life-year gained - - -8,013
PCV15+PPV23 PCV20+PPV23 Difference
Outcomes (No. of cases)

I1PD 108,985 107,924 -1,061
Bacteremia 104,184 103,167 -1,017
Meningitis 4,801 4,757 -44

NBP
Requiring inpatient care 2,337,132 2,326,760 -10,372
Requiring outpatient care 1,338,345 1,333,231 -5,114

No. of deaths 312,754 311,057 -1,696

Life-years (discounted) 170,716,082 170,724,108 8,026

Quality-adjusted life-years (discounted) 136,677,403 136,681,416 4,013

Total costs (€, in thousands)

Medical care 06,233,247 6,185,682 -47,565

Vaccination 110,718 110,721 3

Medical + vaccination 6,343,966 6,296,403 -47,562

Incremental cost-effectiveness ratio (Healthcare system perspective, €)
Incremental cost perlife-year gained - - -5,926
Incremental cost per quality-adjusted life-year gained - - -11,852
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PCV20 PCV20+PPV23 Difference

Outcomes (No. of cases)

IPD 108,026 107,924 -102
Bacteremia 103,265 103,167 -98
Meningitis 4,761 4,757 -4

NBP

Requiring inpatient care 2,326,757 2,326,760
Requiring outpatient care 1,333,230 1,333,231 1

No. of deaths 311,074 311,057 -16

Life-years (discounted) 170,723,506 170,723,607 100

Quality-adjusted life-years (discounted) 136,681,752 136,681,817 65

Total costs (€, in thousands)

Medical care 6,186,406 6,185,682 =724

Vaccination 84,980 110,721 25,741

Medical + vaccination 6,271,387 6,296,403 25,017

Incremental cost-effectiveness ratio (Healthcare system petspective, €)
Incremental cost perlife-year gained - - 249,364
Incremental cost per quality-adjusted life-year gained - - 383,637

IPD: Invasive pneumococcal disease; NBP: Non-bacteremic pneumonia; PCV: Pneumococcal conjugate vaccine; PPV: Pneumococcal polysaccharide vaccine
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Table 6. Cost-effectiveness results in patient 65 years old and above according with different vaccination schedules.

All risk patient > 65 years at model entry (n= 9.17 million inhabitants, vaccine uptake: 38.0%) PPV23 PCV15 Difference
Outcomes (No. of cases)

IPD 56,081 53,769 -2,312
Bacteremia 54,329 52,085 -2,244
Meningitis 1,752 1,684 -68

NBP
Requiring inpatient care 1,676,343 1,648,374 -27,969
Requiring outpatient care 753,656 742,692 -10,965

No. of deaths 341,928 335,303 -0,624

Life-years (discounted) 81,223,612 81,251,565 27,953

Quality-adjusted life-years (discounted) 58,709,166 58,725,938 16,772

Total costs (€, in thousands)

Medical care 6,086,026 5,961,769 -124,257

Vaccination 56,355 169,378 113,023

Medical + vaccination 6,142,381 6,131,147 -11,234

Incremental cost-effectiveness ratio (Healthcare system perspective, €)
Incremental cost perlife-year gained - - -402
Incremental cost per quality-adjusted life-year gained - - -670
PCV15 PCV20 Difference
Outcomes (No. of cases)

IPD 53,769 51,495 -2,274
Bacteremia 52,085 49,883 -2,202
Meningitis 1,684 1,612 =72

NBP
Requiring inpatient care 1,648,374 1,626,463 -21.911
Requiring outpatient care 742,692 734,092 -8,600

No. of deaths 335,303 330,060 -5,243

Life-years (discounted) 81,251,565 81,273,653 22,088

Quality-adjusted life-years (discounted) 58,725,938 58,739,319 13,381

Total costs (€, in thousands)

Medical care 5,961,769 5,862,059 -99,709

Vaccination 169,378 169,378 0

Medical + vaccination 6,131,147 6,073,782 -99,709

Incremental cost-effectiveness ratio (Healthcare system perspective, €)
Incremental cost perlife-year gained - - -4,514
Incremental cost per quality-adjusted life-year gained - - 7,452
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PCV13+PPV23 PCV15+PPV23 Difference
Outcomes (No. of cases)
1PD 53,415 53,030 -385
Bacteremia 51,744 51,371 -373
Meningitis 1,671 1,659 -12
NBP
Requiring inpatient care 1,652,014 1,648,406 -3,608
Requiring outpatient care 744,124 742,702 -1,422
No. of deaths 336,011 335,144 -867
Life-years (discounted) 81,248,633 81,252,390 3,758
Quality-adjusted life-years (discounted) 58,724,288 58,726,488 2,200
Total costs (€, in thousands)
Medical care 5,973,560 5,956,905 -16,656
Vaccination 219,141 219,143 2
Medical + vaccination 6,192,702 6,176,048 -16,654
Incremental cost-effectiveness ratio (Healthcare system perspective, €)
Incremental cost perlife-year gained - - -4.432
Incremental cost per quality-adjusted life-year gained - - -7,571
PCV15+PPV23 PCV20+PPV23 Difference
Outcomes (No. of cases)
1PD 53,030 51,282 -1,748
Bacteremia 51,371 49,677 -1,694
Meningitis 1,659 1,605 -54
NBP
Requiring inpatient care 1,648,406 1,626,472 -21,934
Requiring outpatient care 742,702 734,095 -8,608
No. of deaths 335,144 330,014 -5,130
Life-years (discounted) 81,252,390 81,273,928 21,538
Quality-adjusted life-years (discounted) 58,726,488 58,739,502 13,014
Total costs (€, in thousands)
Medical care 5,956,905 5,860,679 -96,226
Vaccination 219,143 219,153 10
Medical + vaccination 6,176,048 6,079,832 -96,216
Incremental cost-effectiveness ratio (Healthcare system perspective, €)
Incremental cost per life-year gained - - -4 467
Incremental cost per quality-adjusted life-year gained - - -7,393
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PCV20 PCV20+PPV23 Difference
Outcomes (No. of cases)

IPD 51,495 51,282 -213
Bacteremia 49,883 49,677 -206
Meningitis 1,612 1,605 -7

NBP

Requiring inpatient care 1,626,463 1,626,472 9
Requiring outpatient care 734,092 734,095 3

No. of deaths 330,060 330,014 -46

Life-years (discounted) 81,273,653 81,273,928 275

Quality-adjusted life-years (discounted) 58,739,319 58,739,502 183

Total costs (€, in thousands)

Medical care 5,862,059 5,860,679 -1,380

Vaccination 169,378 219,153 49,755

Medical + vaccination 6,073,782 6,079,832 48,394

Incremental cost-effectiveness ratio (Healthcare system petspective, €)
Incremental cost per life-year gained - - 194,963
Incremental cost per quality-adjusted life-year gained - - 303,885

IPD: Invasive pneumococcal disease; NBP: Non-bacteremic pneumonia; PCV: Pneumococcal conjugate vaccine; PPV: Pneumococcal polysaccharide vaccine
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FIGURES
Figure 1. Model structure
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Figure 2. Tornado Plot for One-Way Sensitivity Analysis for Cost per QALY gained with PCV20 vs PPV23

Model parameters
Medical cost: Inpatient All-Cause NBP (75%, 125%)
Vaccine Price: PCV Vaccines (75%, 125%)
Vaccine Effectiveness: PCV Vaccines - Inpatient/Qutpatient All-Cause NBP (75%, 125%)
Indirect Effects: Inpatient/Qutpatient All-Cause NBP (75%, 125%)
General Utlity (75%, 125%)
Disease Incidence: Inpatient All-Cause NBP (75%, 125%)
Inpatient All-Cause NBP Case-Fatality (75%, 125%)
Vaccine Strategy: Percent Receiving PCV20 (75%, 125%)
Vaccine Strategy: Percent Receiving PPV23 (75%, 125%)
Vaccine Price: PPV23 (75%, 125%)
Medical cost: Bacteremia (75%, 125%)
Vaccine Effectiveness: PCV Vaccines - Bacteremia,/Meningitis (75%, 125%)
Bacteremia Case-Fatality (75%, 125%)
General Mortality (75%, 125%)
Indirect Effects: Bacteremia/Meningitis (75%, 125%)
Disease Incidence: Bacteremia (75%, 125%)
Medical cost: Qutpatient All-Cause NBP (75%, 125%)
Disease Incidence: Outpatient All-Cause NBP (75%, 125%)
Disutility due to Inpatient All-Cause NBP (75%, 125%)
Vaccine Effectiveness: PPV23 - Bacteremia/Meningitis (75%, 125%)
Medical cost: Meningitis (75%, 125%)
Disease Incidence: Meningitis (75%, 125%)
Meningitis Case-Fatality (75%, 125%)
Disutility due to Bacteremia (75%, 125%)
Disutility due to Outpatient All-Cause NBP (75%, 125%)
Disutility due to Meningitis (75%, 125%)
Vaccine Effectiveness: PPV23 - Inpatient/Outpatient All-Cause NBP (75%, 125%)
Outpatient All-Cause NBP Case-Fatality (75%, 125%)

-€4,500

ICER: Incremental cost-effectiveness ratio in Euros/ QALY gained; IPD: Invasive pneumococcal disease; NBP: Non-bacteremic pneumonia; PCV: Pneumococcal conjugate vaccine; PPV: Pneumococcal

polysaccharide vaccine; QALY: Quality adjusted life years.
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Figure 3. Scatterplot and Acceptability Cutrve for Cost per QALY gained with PCV20 vs PPV23
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SE IC<0 IE>0 Dominant -—- 867 87%
NE IC>0 IE>0 ICER>0 ICER<WTP 132 13%
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ICER: Incremental cost-effectiveness ratio in Euros/ QALY gained; PCV: Pneumococcal conjugate vaccine; PPV: Pneumococcal polysaccharide vaccine; WTP: Willingness to pay.

*Simulations in NE quadrant represent ICERs for PCV20 (vs PPV23); simulationsin the SW quadrantrepresentICERs for PPV23 (vs PCV20)
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Acceptability Curve - Costs per Quality-Adjusted Life-Year Gained

1,00

0

0,90 (

0,80

0,70
0,60
0,50
0,40
0,30

0,20

Probability PCV13 Net Monetary Benefit* >

0,10

0,00
0 50 100 150

Maximum Willingness to Pay (inthousands)

200

250

300

Red line represents the WTP threshold in Spain from around €21,00040

39



Supplementary Material

This appendix has been provided by the author to give additional information about their work.

Supplement to: Economic evaluation and access strategy development for the 20-valent pneumococcal conjugate

vaccine (PCV20) in Spanish adults.

Author:

Neéstor Martinez Martinez

Director:

Javier Rejas Gutiérrez

Madrid, Spain
October 2021

Esta tesis se distribuye bajo licencia “Creative Commons Reconocimiento — No Comercial — Sin Obra

©/0cl0

Derivada”.




Table of Contents:

Supplemental Tables:
Table S1. International Classification of Diseases-10 codes included in IPD and all-cause NBP...........cccccvvivinenen. 4

Table S2. Vaccination strategies analyzed of funding an expanded adult pneumococcal immunization program in

N 0 ¥ PN 5
Table S3. Vaccine effectiveness against VT-IPD and after applying the waning effect by age and risk group. ......... 6
Table S4. Vaccine effectiveness against VT-NBP and after applying the waning effect by age and risk group. ........ 7

Table S5. Vaccine serotype coverage and indirect effect for all cause Non Bacteremic Pneumonia (NBP),
observed and projected by fitting the best line trend in persons 18-64 and aged 2 05 years.......coeeeeviiiiiininniniiinin, 8
Table S6. Sensitivity scenario analysis including PPV23 effectiveness against hospitalized and outpatient NBP in
dominant strategies according with age and risk group vaccination recommendation..........ovevvuiiinniiinniiinniinn. 9

Table S7. Cost-effectiveness results in immunocompromised (high risk) patients PCV20 versus sequential

vaccination with PCVI5+PPV23. ... 10
Table S8. Cost-effectiveness results in immunocompetent at risk (moderate risk) patients PPV23 versus no
R Te'ol Vo 1 T o PR TP 11

Table S9. Cost-effectiveness results in immunocompetent persons 65 years old and above with PPV23 versus no

VACCIIIATION. 1ttt et etent et ettt ee et en et eneneeesesenaneesesensnsesesensesenensnsesensnssesensnsssesensesesenensesssensnsesssenensesesenens 12

Supplemental Figures:

Figure S1. Vaccine serotype coverage and indirect effect for IPD, observed and projected by fitting the best line

trend in persons 18-64 years old (graph A) and aged = 65 years (graph B)......oooviiiiiiiiiiiniiiini, 3



Figure S1. Vaccine serotype coverage and indirect effect for IPD, observed and projected by fitting the best line
trend in persons 18-64 years old (graph A) and aged 2 65 years (graph B).
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IPD: Invasive pneumococcal disease.



Table S1. International Classification of Diseases-10 codes included in IPD and all-cause NBP

International Classification of Diseases-10 (ICD-10)

IPD All-cause NBP
ICD-10 codes Disease Bacteremia Meningitis Hospitalized Outpatient care

R78.81 Bacteremia X - - -

B9 3 Streptococcus pneumoniae as the cause of diseases classified X ) ) .
elsewhere

K65 Peritonitis X - - -

A40.3 Sepsis due to Streptococcus pneumoniae X - - -

G00.1 Pneumococcal meningitis - X - -

MO00.1-M00.19 Pneumococcal arthritis (mono or polyarthritis) X

J13 Pneumonia due to Streptococcus pneumoniae X - X X

J10.0 Influenza with pneumonia, seasonal influenza virus identified - - X X

J10.1 Influenza (broncho)pn.eumo.nja, seasonal influenza virus ) ) X< X<
identified

J11 Influenza, virus notidentified - - X X

J12 Viral pneumonia, notelsewhere classified - - X X

J14 Pneumoniadue to Haemophiles influenzae - - X X

J15 Bacterial pneumonia, not elsewhere classified - - X X

116 Pneumonia due to other 1nfect.1ous otganisms,not elsewhere ) . X X
classified

J17 Pneumoniain diseases classified elsewhere - - X X

J18 Pneumonia, organism unspecified - - X X

IPD: Invasive pneumococcal disease; NBP: Non-bacteremic pneumonia.



Table S2. Vaccination strategies analyzed of funding an expanded adult pneumococcal immunization program in Spain.

Vaccination strategy!

Population

Base case: PCV20vs PPV23

18+ years old in all risk groups

PCV15vs PPV23

18+ years old in all risk groups

PCV20vs PCV15

18+ years old in all risk groups

Sequential PCV15+PPV23 vs seq PCV13+PPV23

18+ years old immunocompromised (high risk)

Sequential PCV20+PPV23 vs seq PCV15+PPV23

18+ years old immunocompromised (high risk)

PCV20alonevs seq PCV15+PPV23

18+ years old immunocompromised (high risk)

Sequential PCV20+PPV23 vs PCV20 alone

18+ years old immunocompromised (high risk)

PPV23vs No vaccination

18+ years old at risk (moderate risk)

PCV15vs PPV23

18+ years old at risk (moderate risk)

PCV20vs PCV15

18+ years old at risk (moderate risk)

Sequential PCV15+PPV23 vs seq PCV13+PPV23

18+ years old at risk (moderate risk)

Sequential PCV20+PPV23 vs seq PCV15+PPV23

18+ years old at risk (moderate risk)

Sequential PCV20+PPV23 vs PCV20 alone

18+ years old at risk (moderate risk)

PPV23vs No vaccination

65+ years old in all risk groups

PCV15vs PPV23

65+ years old in all risk groups

PCV15vs PCV13

65+ years old in all risk groups

PCV20vs PCV15

65+ years old in all risk groups

Sequential PCV15+PPV23 vs seq PCV13+PPV23

65+ years old in all risk groups

Sequential PCV20+PPV23 vs seq PCV15+PPV23

65+ years old in all risk groups

Sequential PCV20+PPV23 vs PCV20

65+ years old in all risk groups

PPV: Pneumococcal polysaccharide vaccine; PCV: Pneumococcal conjugate vaccine.
IModel horizon is lifetime (82 years) in all strategies except when specified a different time hotizon.




Table S3. Vaccine effectiveness against VT-IPD and after applying the waning effect by age and risk group.

Age (years)/ PCV, by No. Years Since Receipt of Vaccine PPV23,by No. Years Since Receipt of Vaccine
Risk group Year1 Year 5 Year 10 Year 15 Year 16+ Year1 Year 5 Year 10 Year 15 Year 16+

18-49

Low 82 82 63 37 0 59 45 0 0 0

Moderate 82 82 63 37 0 33 25 0 0 0

High 65 65 51 30 0 17 13 0 0 0
50-64

Low 79 79 61 36 0 58 45 0 0 0

Moderate 79 79 61 36 0 32 25 0 0 0

High 63 63 49 29 0 17 13 0 0 0
65-74

Low 75 75 58 34 0 56 43 0 0 0

Moderate 75 75 58 34 0 31 24 0 0 0

High 60 60 46 27 0 16 12 0 0 0
75-84

Low 75 75 58 34 0 51 39 0 0 0

Moderate 75 75 58 34 0 28 22 0 0 0

High 60 60 46 27 0 15 11 0 0 0
85-99

Low 75 75 58 34 0 38 29 0 0 0

Moderate 75 75 58 34 0 21 16 0 0 0

High 60 60 46 27 0 11 8 0 0 0

IPD: Invasive pneumococcal disease; PCV: Pneumococcal conjugate vaccine; PPV: Pneumococcal polysaccharide vaccine.



Table S4. Vaccine effectiveness against VIT-NBP and after applying the waning effect by age and risk group.

Age (years)/ PCV, by No. Years Since Receipt of Vaccine PPV23,by No. Years Since Receipt of Vaccine
Risk group Year 1 Year 5 Year 10 Year 15 Year 16+ Year 1 Year 5 Year 10 Year 15 Year 16+

18-49

Low 56 56 43 25 0 0 0 0 0 0

Moderate 56 56 43 25 0 0 0 0 0 0

High 45 45 34 20 0 0 0 0 0 0
50-64

Low 51 51 40 24 0 0 0 0 0 0

Moderate 51 51 40 24 0 0 0 0 0 0

High 41 41 32 19 0 0 0 0 0 0
65-74

Low 45 45 35 21 0 0 0 0 0 0

Moderate 45 45 35 21 0 0 0 0 0 0

High 36 36 28 16 0 0 0 0 0 0
75-84

Low 45 45 35 21 0 0 0 0 0 0

Moderate 45 45 35 21 0 0 0 0 0 0

High 36 36 28 16 0 0 0 0 0 0
85-99

Low 45 45 35 21 0 0 0 0 0 0

Moderate 45 45 35 21 0 0 0 0 0 0

High 36 36 28 16 0 0 0 0 0 0

NBP: Non-bacteremic pneumonia; PCV: Pneumococcal conjugate vaccine; PPV: Pneumococcal polysaccharide vaccine.



Table S5. Vaccine serotype coverage and indirect effect for all cause Non Bacteremic Pneumonia (NBP), observed and projected by fitting the best line trend in
persons 18-64 and aged = 65 years.

Vaccine PCV13 PCV15 PCV20 PPV23
Year of modelling 18-64 years old
Year 1 12.0% 14.9% 28.1% 30.5%
Year2 10.9% 13.8% 27.3% 29.7%
Year 3 9.8% 12.7% 27.0% 29.6%
Year 4 8.9% 11.7% 26.8% 29.4%
Year 5 8.1% 10.8% 26.7% 29.3%
Year 6 7.3% 10.0% 26.5% 29.2%
Year 7 6.6% 9.2% 26.3% 29.1%
Year 8 6.0% 8.5% 26.2% 29.0%
Year 9 5.4% 7.8% 26.1% 28.9%
Year 10 4.9% 7.2% 25.9% 28.8%
Year of modelling 2 65 years old
Year 1 14.1% 15.7% 26.2% 28.7%
Year 2 13.7% 15.7% 26.2% 28.7%
Year3 13.3% 15.6% 26.0% 28.6%
Year 4 13.0% 15.1% 25.9% 28.5%
Year 5 12.7% 14.7% 25.7% 28.4%
Year 6 12.4% 14.3% 25.6% 28.3%
Year 7 12.2% 13.9% 25.4% 28.2%
Year 8 11.9% 13.6% 25.3% 28.2%
Year 9 11.7% 13.3% 25.2% 28.1%
Year 10 11.5% 13.0% 25.1% 28.0%

IPD: Invasive pneumococcal disease; NBP: Non-bacteremic pneumonia; PCV: Pneumococcal conjugate vaccine; PPV: Pneumococcal polysaccharide vaccine.



Table S6. Sensitivity scenario analysis including PPV23 effectiveness against hospitalized and outpatient NBP in dominant strategies according with age and risk group

vaccination recommendation.

Cost-effectiveness analysis?

Likelihood of cost-effective

Likelihood of (% of iterations)

Population Vaccination strategy’? ICER# _
cost-saving

(95% probabilistic CI) (% of iterations) By GENESIS threshold By WHO threshold

(€21,000/ QALY) (€25,770/ QALY)
1,010
18+ years old PCV20vs PPV23 (9.152: 7,669 55% 100% 100%
18+ years old 10372
immunocompromised  PCV20alonevs seq PCV15+PPV23 (26,5 33240 5 100% 100% 100%
(high risk) I05 S
18+ years old at risk PCV20vs PPV23 121 70% 98% 98%
(moderate risk) (—10,515:21375,887)
. - ) 0 0 0,
Sequential PCV20+PPV23 vs seq PCV15+PPV23 (33.784: 4463 100% 100% 100%
65+ years old PCV15vs PPV23 ) 2916 00 1 0% 58% 63%
(all risk groups) ( ,634,28397,0 6)
0 0 0
PCV20vs PPV23 (10,152: 10,63 60% 100% 100%
Sequential PCV20+PPV23 vs seq PCV15+PPV23 -10,7759 100% 100% 100%

(-24,603; -3,234)

PPV: Pneumococcal polysaccharide vaccine; PCV: Pneumococcal conjugate vaccine; Cl: Confidence intetrval; seq: sequential; NBP: Non bacteremic pneumonia.

IModel horizon is lifetime (82 years) in all strategies; 2NBP effectiveness, both hospitalized and outpatient, for PPV23 in persons aged 18 years old and above was set at 24.0% firstyear of modelling with a
24% wanning effect during the first 5 years of modelling according to Lawrence Hetal., PLoS Med 2020; 17(10): ¢1003326, and in persons aged 65 years old and above was set at 33.5% with the same
wanning effectin the first5 years of modelling according to Suzuki M. et al., Lancet Infect Dis 2017; 17: 313-21; 3Cost-effectiveness probabilistic analysis by Montecatlo simulation; “ICER: Incremental
cost-effectiveness ratio in Euros/ QALY gained.



Table §7. Cost-effectiveness results in immunocompromised (high risk) patients PCV20 versus sequential vaccination with PCV15+PPV23.

Immunocompromised 2 18 years at model entry (n=3.83 million inhabitants, vaccine uptake:

56.7% all ages, 61.0% 65+ years old) PCV15+PPV23 PCV20 Difference
Outcomes (No. of cases)

I1PD 57,962 55,777 -2,185
Bacteremia 55,457 53,374 -2,083
Meningitis 2,505 2,403 -102

NBP
Requiring inpatient care 1,258,531 1,243,144 -15,387
Requiring outpatient care 388,041 382,949 -5,092

No. of deaths 290,811 287,023 -3,788

Life-years (discounted) 47,496,782 47,520,997 24,215

Quality-adjusted life-years (discounted) 35,619,330 35,635,975 16,645

Total costs (€, in thousands)

Medical care 4,120,636 4,044,144 -76,492

Vaccination 137,878 105,834 -32,044

Medical + vaccination 4,258,514 4,149,978 -108,536

Incremental cost-effectiveness ratio (Healthcare system petspective, €)
Incremental cost perlife-year gained - - -4,482
Incremental cost per quality-adjusted life-year gained - - -0,521

IPD: Invasive pneumococcal disease; NBP: Non-bacteremic pneumonia; PCV: Pneumococcal conjugate vaccine; PPV: Pneumococcal polysaccharide vaccine.
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Table S8. Cost-effectiveness results in immunocompetent at risk (moderate risk) patients PPV23 versus no vaccination.

Immunocompetent with moderate risk = 18 years at model entry (n=10.03 million inhabitants,

vaccine uptake: 17.4% all ages, 41.3% 65+ years old) No vaccination PPV23 Difference
Outcomes (No. of cases)

I1PD 111,182 110,383 =799
Bacteremia 106,297 105,531 -766
Meningitis 4,885 4,852 -33

NBP
Requiring inpatient care 2,348,841 2,348,865 24
Requiring outpatient care 1,343,719 1,343,728 9

No. of deaths 315,027 314,902 -125

Life-years (discounted) 170,706,150 170,707,053 903

Quality-adjusted life-years (discounted) 136,670,882 136,671,383 501

Total costs (€, in thousands)

Medical care 6,294,823 6,289,054 -5,769

Vaccination 0 28,274 28,274

Medical + vaccination 6,294,823 6,317,328 22,505

Incremental cost-effectiveness ratio (Healthcare system perspective, €)
Incremental cost perlife-year gained - - 24,930
Incremental cost per quality-adjusted life-year gained - - 44,888

IPD: Invasive pneumococcal disease; NBP: Non-bacteremic pneumonia; PPV: Pneumococcal polysaccharide vaccine.
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Table S§9. Cost-effectiveness results in immunocompetent persons 65 years old and above with PPV 23 versus no vaccination.

Immunocompetent = 65 years at model entry (n=9.17 million inhabitants, vaccine uptake: 38.0)

No vaccination PPV23 Difference
Outcomes (No. of cases)

IPD 57,704 56,081 -1,623
Bacteremia 55,897 54,329 -1,568
Meningitis 1,807 1,752 -55

NBP
Requiring inpatient care 1,676,269 1,676,343 74
Requiring outpatient care 753,633 753,656 23

No. of deaths 342,277 341,928 -350

Life-years (discounted) 81,221,687 81,223,612 1,925

Quality-adjusted life-years (discounted) 58,707,883 58,709,166 1,283

Total costs (€, in thousands)

Medical care 6,096,721 6,086,026 -10,695

Vaccination 0 56,355 56,355

Medical + vaccination 6,096,721 6,142,381 45,660

Incremental cost-effectiveness ratio (Healthcare system perspective, €)
Incremental cost perlife-year gained - - 23,724
Incremental cost per quality-adjusted life-year gained - - 35,586

IPD: Invasive pneumococcal disease; NBP: Non-bacteremic pneumonia; PPV: Pneumococcal polysaccharide vaccine.
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