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ABSTRACT

Introduction: The Philippines pediatric national
immunization program (NIP) included the 13-va-
lent pneumococcal conjugate vaccine manufac-
turedbyPfizer (PCV13-PFE) since2015.Uptakehas
been slow inparticular regions,with coverage only
reaching all regions in 2019. Given affordability
challenges in the context of higher coverage, this
study seeks to determine whether universal cover-
age across all regions of the Philippines with
PCV13-PFE will provide good value for money
compared with 10-valent PCV alternatives manu-
factured by GlaxoSmithKline (PCV10-GSK) or
Serum Institute of India (PCV10-SII).
Methods: A decision analytic model is adapted
for this cost-effectiveness analysis in the Philip-

pines. Clinical and economic input parameters
are taken from published sources. Future disease is
predicted using age-stratified and population-
level observed serotype dynamics. Total cases of
pneumococcal disease, deaths, direct and indirect
healthcare costs, and quality-adjusted life years
(QALYs) gained are discounted 7% annually and
modeled for each PCV. Given clinical uncer-
tainty, PCV10-SII outcomes are reported as ran-
ges. Incremental cost-effectiveness ratios (ICERs)
are calculated for PCV13-PFE versus lower-valent
PCVs (PCV10-GSK or PCV10-SII) from a societal
perspective over 10 years.
Results: Nationwide PCV13-PFEuse over 10 years
is estimated to avert 375,831 more cases, save
53,189 additional lives, and gain 153,349 QALYs
compared with PCV10-GSK. This equates to cost-
savings of PHP 12.27 billion after vaccine costs are
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accounted for. Similarly, PCV13-PFE is more
effective and cost-saving compared with PCV10-
SII. Switching programs to PCV10-SII would result
inmore cases of disease (313,797 – 666,889), more
deaths (22,759 – 72,435), and lost QALYs
(108,061 – 266,108), equating to a net economic
loss (PHP 359.82 million – 14.41 billion). PCV13-
PFE remains cost-effective in the presence of
parameter uncertainty.
Conclusion: PCV13-PFE would prevent exceed-
inglymore cases and deaths comparedwith lower-
valent PCVs. Additionally, the PCV13-PFE pro-
gram is estimated to continue providing cost-sav-
ings, offering the best value for money to achieve
universal PCV coverage in the Philippines.

Keywords: Cost-effectiveness; Economic
evaluation; Otitis media; Pediatric; Philippines;
Pneumococcal conjugate vaccine;
Pneumococcal disease; Pneumonia

Key Summary Points

Why carry out this study?

Economic evaluations of pneumococcal
conjugate vaccines (PCVs) in the
Philippines can help inform decision
makers on which PCV will provide the
best value for money to obtain universal
PCV coverage for Filipino infants.

This study assessed whether the 13-valent
PCV (PCV13-PFE) would continue to
provide good value for money with
increased vaccine uptake as compared
with switching the national
immunization program to include either
10-valent PCV (PCV10) alternative.

What was learned from the study?

We estimate that PCV13-PFE would avert
additional cases, save more lives, and
provide further healthcare and societal
cost-savings over 10 years when compared
with either PCV10 alternative.

PCV13-PFE is estimated to provide good
value for money into the future and
would be the most affordable option to
achieve universal PCV coverage in the
Philippines.

INTRODUCTION

Streptococcus pneumoniae (S. pneumoniae) is the
leading cause of lower respiratory infection
morbidity and mortality causing over 1.1 mil-
lion deaths globally, which is more deaths than
all other infectious disease etiologies combined
[1]. Pneumococcal disease manifestations can
either be invasive, such as meningitis, bac-
teremia, or bacteremic pneumonia, or non-in-
vasive, such as nonbacteremic pneumonia and
acute otitis media (AOM). In the Philippines,
pneumococcal diseases pose a substantial bur-
den among children. It has been estimated that
over 211,000 cases of pneumonia and invasive
pneumococcal disease (IPD) due to S. pneumo-
niae occurred in children less than 5 years of age
during 2015 [2].

Vaccines are available to prevent pneumo-
coccal infections in children, including both a
13-valent pneumococcal conjugate vaccine
(PCV13-PFE, formulated by Pfizer Inc.) covering
13 serotypes of S. pneumoniae (1, 3, 4, 5, 6A, 6B,
7F, 9V, 14, 18C, 19A, 19F, and 23F) and a
10-valent PCV manufactured by GlaxoSmithK-
line (PCV10-GSK), which contains 10 serotypes
(i.e., the same serotypes as PCV13-PFE minus 3,
6A, and 19A).

Since the introduction of PCVs in national
immunization programs (NIPs), numerous cost-
effectiveness analyses have been conducted of
PCVs versus no vaccination and comparing
PCV13-PFE and PCV10-GSK. In member states
of the Association of Southeast Asian Nations
(ASEAN), findings from a recent systematic
review by Wang et al. (2021) suggest that PCVs
significantly reduce the mortality and morbid-
ity of pneumococcal diseases and are typically
cost-effective compared to no vaccination [3].
Within and between studies comparing PCV13-
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PFE and PCV10-GSK, model assumptions and
input parameters, specifically local vaccine
acquisition costs, the inclusion or exclusion of
indirect effects (serotype replacement and herd
protection), and serotype- and pneumococcal
disease-specific effectiveness, are shown to be
highly influential on cost-effectiveness results
[3]. In the systematic review, two studies com-
pared PCV13-PFE versus PCV10-GSK in the
Philippines, namely Haasis et al. [4] and Zhang
et al. [5].

The economic evaluation of PCVs conducted
by Haasis et al. demonstrated that both PCV10-
GSK and PCV13-PFE offered better value for
money compared with no vaccination in the
Philippines, although PCV13-PFE was shown to
be even more cost-effective than PCV10-GSK
[4]. Given the results of this assessment, the
Philippine government chose to include
PCV13-PFE in the pediatric national immu-
nization program (NIP). Since 2015, PCV13-PFE
has been available for Filipino infants in a 3 ? 0
vaccination schedule, which includes a three-
dose primary immunization series without a
booster.

Despite this progressive advancement in
public health, the overall level of PCV uptake
and schedule completion remains concerningly
low, ranging from 30% to 60% between 2015
and 2019 in Philippine regions with access [6].
PCV access expanded to all regions as of 2019,
with National Capital Region and Region 4A
and 4B as the last regions to receive PCV13.
Rates improved marginally during 2019 for the
regions that had access in previous years, rang-
ing from 43% to 83%; however, regions that
were newly included in 2019 have extremely
low uptake, and all regions’ rates remain below
the national target [7].

In efforts to improve national uptake rates
and in light of multidose vial availability, a
health technology reassessment was commis-
sioned by the Philippine government in 2020 to
reassess the cost-effectiveness of PCV13-PFE and
PCV10-GSK [6]. The policy question of the 2020
reassessment was to determine which of the two
available PCVs would provide the greatest value
for money when expanding PCV access in the
NIP. The reassessment report by the Health
Technology Assessment Council (HTAC)

contained a cost–utility analysis with a scenario
of 90% vaccine uptake to best answer whether
PCV13-PFE or PCV10-GSK is more cost-effective
in the context of high vaccine uptake in the
Philippines. Results suggested that PCV13-PFE
was both less costly and more effective (domi-
nant) over PCV10-GSK. The estimated clinical
and economic outcomes demonstrated that
PCV13-PFE resulted in larger overall cost-sav-
ings compared with PCV10-GSK for the Philip-
pines, with over 45,000 additional averted cases
and 4000 additional lives saved from IPD,
pneumonia, and AOM. PCV13-PFE’s greater
value for money was attributable to the vac-
cine’s broader serotype coverage, demonstrating
that a PCV with coverage for three additional
serotypes (3, 6A, and 19A) is important for the
prevention of pneumococcal disease.

Economic model assumptions for PCV eval-
uations will become increasingly important
given that a new PCV10 manufactured by
Serum Institute of India (PCV10-SII) recently
received prequalification from the World
Health Organization (WHO) [8]. This vaccine
includes a different serotype composition than
the other PCV10, containing the same serotypes
as PCV13-PFE minus 3, 4, and 18C. Recent
publications have stated that PCV10-SII will be
priced lower than existing PCVs, and govern-
ments are looking to minimize spending in all
sectors, including the healthcare sector, espe-
cially within the context of the 2019 coron-
avirus (COVID-19) pandemic’s impact on
economies [9]. Countries may prioritize per-
ceived affordability by choosing to procure a
lower cost PCV without comprehensively con-
sidering the benefits that may be forgone (dis-
ease cases averted, potential lives saved, and
economic cost-offsets) as a result of switching
from a higher-valent to a lower-valent vaccine
[10, 11].

Clinical uncertainty exists with any new
health intervention, such as the newly licensed
PCV10-SII; therefore, economic evaluations
need to incorporate in their analyses removing
protection against certain serotypes that would
no longer be contained within this formulation,
including serotypes 3, 4, and 18C. In the
Philippines, removing vaccine pressure against
these serotypes could have unknown associated
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impacts, and real-world data suggest that
switching from a higher-valent to a lower-va-
lent PCV can result in an increase of pneumo-
coccal disease from the re-emergence of newly
unprotected serotypes. For example, Belgium
switched from PCV13-PFE to PCV10-GSK in
2015 because of potential vaccine-related cost-
savings and a low perceived risk of disease re-
emergence given the local epidemiology (i.e.,
suppressed vaccine-serotype disease) [12].
Thereafter, the incidence of IPD due to newly
unprotected serotypes, primarily serotype 19A
in the case of PCV10-GSK, increased exponen-
tially and the Belgium Superior Health Council
made a proactive recommendation to return to
PCV13-PFE [13]. One might need to consider a
similar possibility for serotypes 3, 4, and 18C in
the case of a switch to PCV10-SII.

Furthermore, PCV10-SII has been licensed on
the basis of safety and immunogenicity, but
there are no efficacy or effectiveness data for
PCV10-SII demonstrating its impact on invasive
or non-invasive pneumococcal disease (pneu-
monia and otitis media), nasopharyngeal car-
riage, or herd effects. Thus, the potential
impacts of removing protection against PCV
serotypes in the Philippines, coupled with lim-
ited clinical evidence for serotype-specific effi-
cacy/effectiveness, generate additional
uncertainties, which need to be reflected in
economic evaluations that include PCV10-SII as
a comparator.

Therefore, the overall objective of this study
is to determine whether maintaining PCV13-
PFE is a cost-effective option when increasing
vaccine uptake to 90% for Filipino infants
nationally, as compared with switching to
lower-valent alternatives, PCV10-GSK and
PCV10-SII. First, we assess the cost-effectiveness
of PCV13-PFE versus PCV10-GSK using a dif-
ferent model framework and assumptions than
the 2020 HTAC cost–utility analysis to deter-
mine if results and conclusions are consistent.
Second, given that PCV10-SII might be available
in the Philippines in the future, we assess the
cost-effectiveness of PCV13-PFE versus PCV10-
SII accounting for PCV10-SII’s clinical
uncertainty.

METHODS

Model Structure

The study uses a previously published Microsoft
Excel-based decision analytic model that lever-
ages historical real-world surveillance data to
predict future clinical and economic outcomes
depending on local contextual factors
[10, 11, 14–17]. The model predicts prospective
serotype behavior based on observed retrospec-
tive serotype dynamics with and without vac-
cine pressure among different population age
groups. Age-specific disease incidence
attributable to each serotype contained in PCVs
is modeled independently and non-vaccine
serotypes are modeled together. This method-
ology captures vaccine pressure on covered ser-
otypes and replacement of non-vaccine
serotypes as observed from surveillance data.
The projected incidence in pneumococcal dis-
ease is used to calculate total cases, deaths, and
economic cost outcomes associated with each
PCV program.

We adapted this model for the Philippines to
estimate the public health and economic
impact of continued use of PCV13-PFE com-
pared with a switch to either PCV10-GSK or
PCV10-SII in the NIP using a three-dose sched-
ule. Outcomes from the study include total
cases of IPD (meningitis and bacteremia),
pneumococcal hospitalized and non-hospital-
ized pneumonia, pneumococcal AOM, menin-
gitis and AOM-related disease sequelae,
pneumococcal deaths, direct and indirect
healthcare costs, life-years gained, and quality-
adjusted life years (QALYs) gained for each of
the three PCVs, discounted at an annual rate of
7% as recommended by the Philippine Methods
Guide for Health Technology Assessment [18].
An estimated 4,080,768 Philippine children
under 2 years of age were eligible for the PCV in
2020 and 90% of infants are assumed to be
vaccinated under a three-dose vaccination
schedule each year [19]. The cost-effectiveness
of maintaining a PCV13-PFE NIP compared to
switching to lower-valent PCVs (PCV10-GSK or
PCV10-SII) from a societal perspective is asses-
sed by calculating incremental cost-
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Table 1 Input parameters that vary by age group

Parameter Age group

< 2 2–4 5–17 18–34 35–49 50–64 651

Current population [19] 4,080,768 6,694,702 28,457,863 31,520,149 19,212,472 12,947,868 5,746,391

Epidemiologic parameters

Serotype coverage [6]

PCV13-PFE 58.5% 58.5% 66.0% 64.7% 64.6% 61.5% 61.5%

PCV10-GSK 46.2% 46.2% 52.2% 57.1% 57.3% 40.4% 40.4%

PCV10-SII 45.8% 45.8% 49.7% 46.0% 45.8% 41.0% 41.0%

IPD incidence [6] 128.0 128.0 20.0 26.1 26.0 117.6 465.0

Percentage of IPD presenting

as meningitis [6]

3.1% 3.1% 5.0% 3.9% 0.0% 0.5% 0.2%

Non-hospitalized all-cause

pneumonia incidence [4, 6]

3480.0 3480.0 301.6 4.0 2.7 18.0 18.0

Hospitalized all-cause

pneumonia incidence [6]

5220.0 5220.0 452.5 6.0 4.0 27.0 27.0

All-cause AOM incidence [6] 9570.0 9570.0 9570.0 – – – –

All-cause mortality per 100,000

[21]

262.3 262.3 55.2 147.3 385.8 1205.1 5189.4

Economic parameters

Direct costs (PHP)

Bacteremia [23] 26,687 26,687 27,511 23,058 23,058 22,698 22,698

Meningitis [23] 20,125 20,125 23,305 22,006 22,006 23,925 23,925

Hospitalized pneumonia [23] 14,620 14,620 15,718 15,341 15,341 15,833 15,833

Non-hospitalized pneumonia

[6]

106 106 211 376 376 376 376

AOM [23] 6914 6914 7055 – – – –

Indirect costs (PHP)

Bacteremia [23] 27,138 27,138 39,465 78,747 78,747 130,518 130,518

Meningitis [23] 68,788 68,788 61,689 86,109 86,109 99,738 99,738

Hospitalized pneumonia [23] 12,351 12,351 13,641 22,199 22,199 41,961 41,961

AOM [23] 9944 9944 13,811 – – – –

Utility parameters

Baseline utility [24] 0.94 0.94 0.94 0.93 0.93 0.92 0.91

Bacteremia [6] 0.93 0.93 0.93 0.92 0.92 0.91 0.90

Meningitis [6] 0.90 0.90 0.90 0.89 0.89 0.88 0.87
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effectiveness ratios (ICERs) over 10 years. This
modeling analysis is based on previously con-
ducted studies and does not contain any new
studies with human participants or animals
performed by any of the authors.

Epidemiologic Parameters

Invasive Pneumococcal Disease (IPD)
Incidence
IPD is defined in the model as a combination of
meningitis and bacteremia incidence reported
by age group. Age group-specific meningitis and
bacteremia incidence in the Philippines is
sourced from the 2020 HTA reassessment, with
the total incidence and the proportion of IPD
caused by meningitis reported by age group
(Table 1) [6]. The serotype-specific IPD inci-
dence is estimated using the serotype distribu-
tion by age group from passive laboratory-based
surveillance from the Research Institute for
Tropical Medicine (RITM) that the HTAC sum-
marizes in their report [6]. With this reported
serotype distribution, the serotype coverage
provided by PCV13-PFE, PCV10-GSK, and
PCV10-SII was calculated for modeled age
groups (Fig. 1).

Non-Invasive Pneumococcal Disease Incidence
Pneumococcal pneumonia incidence is calcu-
lated separately for inpatient and outpatient
pneumonia. The reported age group-specific
incidence of all-cause inpatient (i.e., hospital-
ized) pneumonia is sourced from the 2020 HTA
reassessment [6]. As recommended in Haasis
et al.’s analysis, all-cause outpatient (i.e., non-
hospitalized) pneumonia cases are estimated
based on a 60:40 ratio between hospitalized and
non-hospitalized pneumonia (Table 1) [4]. In
accordance with the HTAC’s report, 10.47% of
all-cause hospitalized and non-hospitalized
pneumonia is due to S. pneumoniae across all
ages.

The incidence of all-cause AOM is also
sourced from the 2020 HTA reassessment and
estimated only for children below 18 years of
age, given that it is predominantly diagnosed in
children (Table 1) [6]. Because the HTAC does
not report the proportion of all-cause AOM
resulting from S. pneumoniae infection, this
estimate is taken from a systematic review of
bacteria detected among patients with AOM in
Asia (26.4%) [20]. As calculated in other PCV
cost-effectiveness studies, post-2020 incidence
of pneumonia and AOM in the Philippines from
either maintaining PCV13-PFE or switching to a

Table 1 continued

Parameter Age group

< 2 2–4 5–17 18–34 35–49 50–64 651

Hospitalized pneumonia [6] 0.93 0.93 0.93 0.92 0.92 0.91 0.90

Non-hospitalized pneumonia

[6]

0.94 0.94 0.94 0.93 0.93 0.92 0.91

AOM [6] 0.94 0.94 0.94 – – – –

Epilepsy (meningitis) [6] 0.58 0.58 0.58 0.57 0.57 0.56 0.55

Hearing loss (meningitis) [6] 0.49 0.49 0.49 0.48 0.48 0.47 0.46

Neurodevelopmental

impairment (meningitis) [6]

0.63 0.63 0.63 0.62 0.62 0.61 0.60

Hearing loss (AOM) [6] 0.49 0.49 0.49 – – – –

AOM acute otitis media, GSK GlaxoSmithKline, IPD invasive pneumococcal disease, PCV pneumococcal conjugate vaccine,
PFE Pfizer, PHP Philippine pesos, SII Serum Institute of India
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10-valent PCV is estimated to be proportional to
the relative change in forecasted IPD cases each
year based on the assumption that serotype
distributions equally affect cases of invasive and
non-invasive pneumococcal disease
[10, 11, 14–17].

Mortality
General population all-cause mortality for each
age group is calculated using population esti-
mates and number of deaths obtained from the
Philippine Department of Health (DOH)
(Table 1) [21]. Based on case fatality rates
reported by the HTAC, the risk of death from
pneumococcal meningitis, pneumococcal bac-
teremia, and hospitalized pneumonia is esti-
mated to be 12.9%, 40.0%, and 4.7%,
respectively [6]. Diagnoses of AOM and non-
hospitalized pneumonia are assumed to not
increase mortality, consistent with other PCV
cost-effectiveness analyses [10, 11].

Disease Sequalae
Disease sequalae can occur following episodes
of pneumococcal disease. In alignment with the
HTAC’s report, 3.64%, 2.18%, and 4.73% of
meningitis cases are estimated to result in epi-
lepsy, hearing loss, or neurodevelopmental
impairment, respectively. Additionally, 20.0%
of patients diagnosed with AOM are estimated
to suffer from hearing loss [6]. Sequalae from
other IPD manifestations such as bacteremia are
not considered in the model to remain consis-
tent with the sequalae modeled by the 2020
HTA reassessment.

Economic Parameters

Vaccine-associated and direct and indirect dis-
ease-related costs are included in the model to
estimate the costs incurred from the societal
perspective. All costs are reported in Philippine

Fig. 1 Invasive pneumococcal disease serotype distributions for all ages (2012–2019). Note: Invasive pneumococcal disease
serotype distributions were calculated for modeled age groups from the pooled 2012–2019 laboratory-based surveillance data
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pesos (PHP) and discounted at a rate of 7%
annually. Because vaccine acquisition costs are
confidential, the PCV13-PFE and PCV10-GSK
prices used in the model are the 2020 vaccine
prices listed by the Pan American Health Orga-
nization (PAHO) Expanded Program on Immu-
nization, namely $14.50 USD (PHP 704.43) and
$12.85 USD (PHP 624.27) respectively [22]. The
acquisition cost of PCV10-SII is still unknown
because it is not yet available on the market.
Therefore, PCV10-SII price is estimated by
applying a 30% price discount to the PCV13-
PFE PAHO price, as suggested by a recent pub-
lication by the Serum Institute of India [9]. The
cost of administering the vaccine is estimated at
PHP 2.50 per dose, as reported by the HTAC [6].

Direct and indirect costs incurred from each
case of bacteremia, meningitis, hospitalized
pneumonia, and AOM for all age groups are
from hospital bill and insurance claims data
published by PhilHealth [23]. Indirect costs
associated with each disease are calculated as
the difference between the actual hospital bill
and claimed amount to PhilHealth among both
the government and private payers. Because
there are no non-hospitalized pneumonia costs
reported by PhilHealth, these costs are obtained
from the 2020 HTA reassessment that were
derived from an expert panel [6]. Sequalae-re-
lated costs are also consistent with the costs
reported by HTAC, which are based on Phil-
Health data. Averaged across all age groups,
meningitis-associated sequalae are estimated to
cost PHP 35,241 for epilepsy and PHP 20,514 for
neurological impairment, and meningitis and
AOM-associated hearing loss is estimated to cost
PHP 42,153.

Utility Parameters

Utility parameters for each age group used in
past PCV cost-effectiveness analyses are applied
to individuals without pneumococcal disease
(Table 1) [10, 16, 17, 24]. For each disease
occurrence, an annual utility decrement is sub-
tracted from the baseline utility weight. Decre-
ments for each case of bacteremia, meningitis,
hospitalized pneumonia, and AOM correspond
with the 2020 HTA reassessment, which are

sourced from a Thai study and estimated to be
0.0148, 0.0362, 0.0090, and 0.0016, respectively
[25]. As a result of a lack of non-hospitalized
pneumonia data, the utility decrement is
assumed to be the same as AOM. Lifetime utility
decrements for meningitis or AOM-related
sequalae are also sourced from Kulpeng et al.
[25] for epilepsy (0.36), neurological impair-
ment (0.31), and hearing loss (0.45). Like costs,
utilities are discounted at a rate of 7% annually
[25].

Base Case Analysis

Using the decision analytic model and input
parameters, we estimated total disease cases,
deaths, costs, and QALYs by assuming PCV13-
PFE is either maintained in the NIP or is
replaced with either lower-valent PCV10. For
the first objective, we assess the cost-effective-
ness of maintaining a PCV13-PFE NIP versus
switching to PCV10-GSK. The change in IPD
incidence for 2021 onwards is forecasted using
the trend in serotype-specific IPD incidence as
observed in the UK post PCV13-PFE imple-
mentation and in Finland post PCV10-GSK
implementation. These country trendlines are
chosen because of their established PCV pro-
grams, high PCV uptake, and active IPD
surveillance systems. United States (US) and
Colombia trendlines are also further explored
and tested in sensitivity analyses for PCV13-PFE
and PCV10-GSK, respectively.

For the second objective, we assess the cost-
effectiveness of maintaining a PCV13-PFE NIP
versus switching to PCV10-SII. Substantial
uncertainty exists surrounding PCV10-SII clini-
cal effects as a new entrant to the market.
Specifically, neither clinical trial nor real-world
data are available to support its protection
against non-invasive pneumococcal disease
(pneumonia or otitis media) or impact on
nasopharyngeal carriage, and it is the first PCV
to exclude serotypes 4 and 18C from the for-
mulation. Data are therefore used from PCV13-
PFE’s real-world impact in the UK for PCV10-SII
serotype dynamics. To account for clinical
uncertainty, we conduct the analysis for a range
of plausible values to capture the lower and
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upper bound of results using either evidence-
based or assumption-based PCV10-SII modeling
scenarios. For the upper bound, vaccine effec-
tiveness against IPD, pneumonia, and AOM in
vaccinated children and herd protection among
unvaccinated individuals are assumed to be
equal to PCV13-PFE for serotypes covered by
PCV10-SII. Additionally, serotypes 4 and 18C
are assumed to remain stable with no disease
replacement or re-emergence. Thus, this
assumption-based scenario calculates the upper
bound of PCV10-SII’s public health and eco-
nomic impact and cost-effectiveness. For the
lower bound of the range, effectiveness inputs
reflect existing clinical data for PCV10-SII, with
no protection against pneumonia or AOM and
no reduction in disease among unvaccinated
individuals. Additionally, serotype replacement
is based on observed serotype trends from other
countries that transition from a higher-valent to
a lower-valent PCV. As such, newly unprotected
serotypes 4 and 18C are modeled to re-emerge
by a factor of 150%, evidenced by surveillance
data of countries that have replaced PCV13-PFE
with PCV10-GSK [12].

Sensitivity Analysis

Sensitivity analyses are conducted by adjusting
input parameters based on plausible ranges to
test the robustness of the results. In the first set
of sensitivity analyses, direct and indirect
healthcare costs by disease and age group are
adjusted ± 20%. Disutilities associated with
disease episodes and sequalae across all ages are
similarly varied by ± 20%. In another, we alter
the analysis perspective to the payer perspec-
tive, whereby we only include direct costs
incurred to the healthcare system. To capture
the public health and economic effects of each
PCV program after a shorter and longer period,
we calculate the ICER with a time horizon of 5
and 20 years. Given the uncertainty in using
serotype-specific IPD incidence trends as
observed in the UK and in Finland for the
Philippines, we test these trendlines using
alternative country data. For PCV10-GSK and
PCV13-PFE, serotype trendlines data are used
from Colombia and the USA, respectively, to

provide alternative projections of future ser-
otype dynamics. These alternative country
trendlines are chosen because Colombia and
the USA have long-term data on PCV10-GSK
and PCV13-PFE use, respectively. We also test
PCV10-SII trendlines with US data for the
common serotypes shared with PCV13-PFE,
with serotype trends for newly unprotected
serotypes 4 and 18C adjusted based on the evi-
dence-based and assumption-based scenarios
(detailed above). As for PCV uptake rates in the
Philippines, we conduct a scenario in which the
uptake rate is decreased to 70% to mimic actual
vaccine uptake in the current NIP. Finally, given
that changing the vaccine price had the greatest
influence in the ICER among all parameters in
the 2020 HTA reassessment, we vary the prices
of PCV10-GSK and PCV10-SII in price threshold
analyses.

RESULTS

Base Case Results

Table 2 captures the overall number of disease
cases, deaths, life-years, QALYs, and costs of
each PCV arm, as well as the incremental results
of either maintaining PCV13-PFE or switching
to a lower-valent PCV10-GSK or PCV10-SII.
Compared to a PCV10-GSK NIP, maintaining
PCV13-PFE is estimated to avert 375,831 more
disease cases and save 53,189 more lives over
the next 10 years. Similarly, continuing PCV13-
PFE vaccination rather than switching to
PCV10-SII would prevent between 313,797 and
666,889 disease cases and between 22,759 and
72,435 deaths over a 10-year period. Conse-
quently, the decreased cases and deaths from
pneumococcal disease resulting from main-
taining a PCV13-PFE NIP would save
153,349 QALYs compared to PCV10-GSK vacci-
nation and between 108,061 and
266,108 QALYs compared to PCV10-SII
vaccination.

PCV13-PFE vaccine-related costs are approx-
imately PHP 3.16 billion and PHP 8.33 billion
more costly than implementing PCV10-GSK or
PCV10-SII in the Philippines across 10 years,
respectively. Vaccine costs are offset by the
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disease-related direct medical costs and indirect
costs averted from the incremental serotype
coverage of PCV13-PFE. As a result, PCV13-PFE
vaccination is estimated to prevent PHP
15.43 billion in societal costs as compared to
PCV10-GSK vaccination, saving PHP 12.27 bil-
lion when vaccine costs are accounted for.
Likewise, PCV13-PFE vaccination would avert
substantial societal costs to the Philippines
compared to a PCV10-SII NIP (between PHP
8.69 billion and 22.74 billion), saving a total of
between PHP 359.82 million and 14.41 billion
from averted disease cases across 10 years.
Overall, PCV13-PFE vaccination is estimated to
not only prevent additional disease cases and
deaths than PCV10-GSK or PCV10-SII but also
be most cost-saving to the Philippines as com-
pared to either 10-valent PCV.

Scenario Analysis Results

Table 3 summarizes the results of the scenario
analysis. When either direct and indirect
healthcare costs or disease and sequalae utility
decrements are adjusted by ± 20%, PCV13-PFE
remains consistently dominant compared with
either 10-valent vaccine, except for the scenario
where healthcare costs are decreased by 20%. In
this scenario, PCV13-PFE is cost-effective versus
PCV10-SII under the upper bound assumption-
based scenario (ICER = 10,556) based on the
threshold of PHP 150,000 per QALY gained
specified by the Philippine Department of
Health [6]. When we alter the analysis to the
payer perspective by only including direct costs,
PCV13-PFE remains dominant compared to
PCV10-GSK and is cost-effective compared to
PCV10-SII with an ICER between 1312 and
45,063. If the time horizon is shortened or
extended to 5 and 20 years, respectively,
PCV13-PFE remains consistently dominant
compared to switching to PCV10-GSK and
PCV10-SII, except for when the time horizon is
extended to 20 years and the comparator is
PCV10-SII under the upper bound assumption-
based scenario (ICER = 39,938). PCV13-PFE
remains dominant when alternative country
trendlines are used to predict the change in
disease incidence following widespread

T
a
b
le
3

co
n
ti
n
u
ed

Sc
en
ar
io

P
C
V
13
-P
FE

vs
.
P
C
V
10
-G

SK
P
C
V
13
-P
FE

vs
.
P
C
V
10
-S
II

up
pe
r
bo

un
d

P
C
V
13

-P
FE

vs
.
P
C
V
10
-S
II

lo
w
er

bo
un

d

In
cr
em

en
ta
l
co
st

(P
H
P
)

In
cr
em

en
ta
l

ef
fe
ct

(Q
A
L
Y
s)

IC
E
R

In
cr
em

en
ta
l

co
st

(P
H
P
)

In
cr
em

en
ta
l

ef
fe
ct

(Q
A
L
Y
s)

IC
E
R

In
cr
em

en
ta
l
co
st

(P
H
P
)

In
cr
em

en
ta
l

ef
fe
ct

(Q
A
L
Y
s)

IC
E
R

70
%

va
cc
in
e
up
ta
ke

-
12
,9
76
,8
20
,1
29

15
3,
34
9

PC
V
13
-

PF
E
co
st
-

sa
vi
ng

-
2,
21
0,
57
4,
89
3

10
8,
06
1

PC
V
13
-

PF
E
co
st
-

sa
vi
ng

-
16
,2
58
,8
56
,9
46

26
6,
10
8

PC
V
13
-

PF
E
co
st
-

sa
vi
ng

G
SK

G
la
xo
Sm

it
hK

lin
e,
IC
E
R
in
cr
em

en
ta
lc
os
t-
ef
fe
ct
iv
en
es
sr
at
io
,P
C
V
pn

eu
m
oc
oc
ca
lc
on
ju
ga
te
va
cc
in
e,
PF

E
Pfi

ze
r,
PH

P
Ph

ili
pp
in
e
pe
so
s,
Q
A
L
Y
qu
al
it
y-
ad
ju
st
ed

lif
e
ye
ar
,S
II
Se
ru
m
In
st
it
ut
e
of

In
di
a,
U
S

U
ni
te
d
St
at
es

2636 Infect Dis Ther (2021) 10:2625–2642



vaccination. Additionally, decreasing the PCV
uptake rate from 90% to 70% does not alter the
results of the base case analysis, with PCV13-PFE
remaining dominant as compared to PCV10-
GSK and PCV10-SII under either assumption-
based or evidence-based scenarios.

Figure 2 captures the change in the ICER
when the price of PCV10-GSK and PCV10-SII is
adjusted in relation to the PCV13-PFE 2020
PAHO price. PCV13-PFE remains dominant as
compared to PCV10-GSK priced up to 55%
lower than PCV13-PFE. Meanwhile, PCV13-PFE
remains dominant over PCV10-SII priced up to
31% and 81% lower than PCV13-PFE under an
assumption-based scenario (upper bound) and
evidence-based scenario (lower bound), respec-
tively. The only instance the ICER of PCV13-PFE
versus a lower-valent vaccine is above the cost-
effectiveness threshold of PHP 150,000 per
QALY gained is when PCV10-SII under the
upper bound assumption-based scenario is pro-
cured at a price that is 90% lower than PCV13-
PFE.

DISCUSSION

Our study assessed whether increasing vaccine
uptake rate and continuing PCV13-PFE in the
Philippines pediatric NIP is cost-effective com-
pared with switching to lower-valent alterna-
tives. We estimate that PCV13-PFE would avert
additional cases, save more lives, and provide
further healthcare and societal cost-savings over
10 years compared with either PCV10 option.
This economic evaluation demonstrates that
PCV13-PFE would continue to provide good
value for money and would be the most cost-
saving strategy to achieve universal PCV cover-
age in the Philippines.

One of the study objectives is to compare
whether results for PCV13-PFE versus PCV10-
GSK in this analysis are similar to the
cost–utility analysis results conducted in the
Philippines 2020 HTA reassessment. We find
that this study’s results are directionally con-
sistent even when using different model
frameworks and assumptions. Both the HTA
reassessment and this analysis concluded that
PCV10-GSK was dominated by PCV13-PFE,

implying that PCV13-PFE should be maintained
in the Philippines NIP. In our base case analysis,
PCV13-PFE is estimated to dominate PCV10-
GSK by incrementally averting over 375,000
pneumococcal disease cases, saving over 53,000
lives, gaining over 153,000 QALYs, and provid-
ing cost-savings of over PHP 12.2 billion. In the
cost–utility analysis conducted by HTAC,
PCV10-GSK was found to gain less QALYs (in-
cremental QALY = -0.0131 for both single-dose
and multidose vials) and cost more (incremen-
tal costs = PHP 470 for single-dose vial and PHP
221 for multidose vial) than PCV13-PFE
assuming 90% vaccine uptake. Vaccine cost has
a major impact on ICERs, as shown in both
studies’ sensitivity analyses. Even though price
impacts the ICER in our analysis, PCV13-PFE
remains cost-effective at the willingness-to-pay
threshold of PHP 150,000 per QALY when
holding PCV13-PFE at $14.50 USD (PHP 704.43)
per dose and reducing the price of PCV10-GSK
to zero. Apart from the cost-effectiveness anal-
ysis, a separate budget impact analysis was
conducted in the 2020 HTA reassessment which
determined that PCV10-GSK would be more
affordable, with the driving factor being lower
cumulative total vaccine costs. However, both
the HTAC and our study’s cost-effectiveness
analyses included disease cost-offsets and vac-
cine costs and demonstrated that PCV13-PFE
would save more overall net costs than PCV10-
GSK, leading to our conclusion that PCV13-PFE
would ultimately be more affordable.

Besides comparing the cost-effectiveness of
PCV13-PFE versus PCV10-GSK, another study
objective is to assess the cost-effectiveness of
PCV13-PFE versus PCV10-SII in the presence of
clinical uncertainty. PCV10-SII safety and
immunogenicity continue to be studied,
although vaccine efficacy or effectiveness does
not seem to be part of the clinical development
program. Consequently, many clinical effects
remain unknown, which therefore creates dif-
ficulties in determining base case parameters
when conducting economic analyses. Addi-
tionally, PCV10-SII was compared to PCV10-
GSK in the phase 3 pivotal non-inferiority
study, which is inconsistent with the WHO
guidance that recommends comparators for
PCV non-inferiority trials be driven by the

Infect Dis Ther (2021) 10:2625–2642 2637



number of common serotypes [26–28]. By not
using PCV13-PFE as the comparator, there are
no matched immunogenicity responses for 6A
and 19A, both of which are now benchmarked
against the least immunogenic serotype con-
tained in PCV10-GSK’s formulation. A non-
matched response with respect to 19A is prob-
lematic because this serotype requires a partic-
ularly strong immune response due to a high
correlate of protection threshold, like that
afforded by PCV13-PFE [27, 29]. Furthermore,
PCV correlates of protection against pneumonia
and OM have not been established and there are
no data on PCV10-SII showing an impact on
these outcomes. Finally, there are no clinical
data on nasopharyngeal carriage or real-world
evidence of herd effects. To our knowledge, this
is the first economic evaluation in the Philip-
pines to include PCV10-SII as a comparator and
assess its clinical uncertainty. Our cost-effec-
tiveness analysis estimates that maintaining
PCV13-PFE in the NIP would remain cost-saving
regardless of uncertainty in the base case clini-
cal parameters (i.e., PCV13-PFE is found to save
overall costs compared against both the upper
and lower bound scenarios of PCV10-SII); thus a
PCV13-PFE universal coverage NIP represents
both better value for money and greater
affordability compared with PCV10-SII infant
vaccination in the Philippines.

Considering that the Philippines aims to
increase uptake of PCVs and expand to univer-
sal vaccination coverage, it is important to
continue vaccine pressure on currently covered
serotypes to achieve the largest potential cost-
savings and public health impact. Serotypes
contained in PCV13-PFE have high disease
potential and may re-emerge if a lower-valent
PCV were to replace it. For example, when
PCV10-GSK replaced PCV13-PFE in the Belgian
NIP during 2015 and 2016, a rise in IPD isolates
was observed in children less than 2 years old
within a 2-year period, primarily driven by over
a tenfold increase (1000%) in serotype 19A. This
decision resulted in an unforeseen disease out-
break in previously covered serotypes with no
observed cross-protection against 19A from
PCV10-GSK, yielding a negative overall public
health and economic impact [12]. This Belgian
experience serves as a useful illustration of the

limitations of modeling disease re-emergence in
the absence of prior evidence for previously
covered vaccine serotypes. In our study, ser-
otype replacement trends were modeled to
behave similarly to dynamics observed in Fin-
land for PCV10-GSK. As for PCV10-SII, ser-
otypes 4 and 18C were set to emerge at
maximum 150% in the lower limit and were set
to 0% (i.e., disease would remain stable) in the
upper limit. Therefore, the analyses from this
study are likely conservative and may underes-
timate the true impact of switching PCVs in
light of serotype re-emergence data observed in
Belgium. A Belgium case study that quantifies
this underestimation was recently published,
demonstrating that vaccine-type disease re-
emergence may be more substantial than mod-
eling exercises predict [13].

The risk of switching PCVs under the pre-
mise of affordability and potential vaccine-re-
lated cost-savings in the current context might
therefore be misguided. In 2019, the Philippines
reported outbreaks of vaccine preventable dis-
ease, such as dengue, diphtheria, measles, and
polio, as a result of reduced protection from
waning vaccination rates, with the Department
of Health declaring a national dengue epidemic
[30]. Decreasing protection against pneumo-
coccal disease by transitioning to a lower-valent
PCV may contribute to additional infectious
outbreaks of vaccine-preventable diseases in the
Philippines. Additionally, the Philippines was
one of the most impacted ASEAN member states
from the COVID-19 pandemic, with over
1,544,585 cases and 25,650 deaths as of July
2021 [31, 32]. Global disease containment
measures (social distancing and stay-at-home
procedures) resulted in the biggest fall in
Philippine gross domestic product and the
highest unemployment rate historically
observed [33]. In these unprecedented times,
choosing the health intervention with the
greatest public health impact should be priori-
tized to prevent further setbacks and losing
ground previously gained in the Philippine NIP.

Our study has some limitations. The intro-
duction of PCVs in the Philippines has resulted
in substantial declines in pneumococcal disease
caused by serotypes included in PCV13-PFE, but
the exact impact over the past years cannot be
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determined with precision because of limited
disease surveillance. For our analysis, we over-
came this by using data from other countries’
PCV programs with strong surveillance systems
to inform future disease projections in the
Philippines. Given that herd effects are often
observed when high vaccine uptake in a pedi-
atric PCV NIP is achieved, data from other
countries with higher uptake might even be
more appropriate for modeling outcomes. For
example, historical observed data from Finland
and the UK for PCV10-GSK and PCV13-PFE,
respectively, may better predict future disease
outcomes under a universal PCV program in the
Philippines as compared to historical local data
with current uptake levels ranging from 30% to
60%. Sensitivity analyses were conducted to test
the uncertainty in future serotype dynamics
with alternative country (USA and Colombia)
trendlines, which consistently demonstrated
that PCV13-PFE remains dominant over either
PCV10 option. An additional limitation is that
this study used serotype distribution data from
the RITM, which is a passive surveillance system
with reporting from select sentinel sites.
Although this is the best data from the national

surveillance system that exists, results need to
be interpreted with caution given the lack of
contemporary epidemiologic surveillance data
for all ages. Moreover, most of our data were
sourced from the cost–utility analysis con-
ducted in the 2020 HTA PCV reassessment and
are subject to the same inherent limitations. All
costing and disease incidence data were taken
from PhilHealth claims and may be underesti-
mated (i.e., cases, actual treatment costs, and
out-of-pocket costs not reported) or overesti-
mated (i.e., upcoding or human errors). Finally,
this study did not incorporate any differences
between single and multidose vial wastage rates,
schedule administration nuances, or schedule
adherence and completion. Completion of
vaccination series and adherence to vaccination
schedules are important to prevent break-
through infections, and the inclusion of a
booster in a schedule can increase the duration
of direct protection and produce stronger indi-
rect effects.

Fig. 2 PCV10-GSK and PCV10-SII price threshold
analysis. GSK GlaxoSmithKline, ICER incremental cost-
effectiveness ratio, PAHO Pan American Health

Organization, PCV pneumococcal conjugate vaccine,
PFE Pfizer, PHP Philippine pesos, QALY quality-adjusted
life year, SII Serum Institute of India
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CONCLUSION

PCV13-PFE is estimated to not only improve
public health by averting additional pneumo-
coccal disease cases and saving more lives, but
also would save substantial future healthcare
and societal costs compared with PCV10-GSK
and PCV10-SII. Thus, switching from a higher-
valent to a lower-valent PCV under the premise
of affordability and the promise of short-term
budget cost-savings in the current Philippine
context would have a negative clinical and
economic impact. This economic evaluation
can help inform decision makers on which PCV
will provide the best value for money for
obtaining universal PCV coverage in Filipino
infants.
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