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ABSTRACT

Introduction: This study aimed to update cost-
effectiveness and public health impact esti-
mates of the two-dose recombinant zoster vac-
cine (RZV) compared with no vaccination
against herpes zoster (HZ) in the Japanese pop-
ulation aged 65 years. List price of the vaccine
and latest RZV efficacy and waning estimates
were incorporated.

Methods: A multicohort static Markov model
with a cycle length of 1 year was used to follow
a hypothetical cohort of one million people
aged 65years over their remaining lifetime
(base case). Age-stratified vaccine efficacy and
waning rates were updated on the basis of the
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latest clinical trial data (interim ZOE-LTFU;
NCT02723773).  First-dose  coverage  was
assumed at 40%, and second-dose compliance
was assumed at 95%. Costs and outcomes were
discounted at 2% annually, and the incremental
cost-effectiveness ratio (ICER) was calculated
from payer and societal perspectives. The soci-
etal perspective considered productivity loss
due to suffering HZ, or due to suffering HZ and
time required for vaccination. Sensitivity anal-
yses explored the overall uncertainties in the
model. Scenario analyses for Japanese adults
aged 50, 60, 70, 80, > 50, and > 65 years (main
scenario) were conducted. An ICER below ¥5-6
million/quality-adjusted life-year (QALY) was
considered cost-effective.

Results: RZV was estimated to prevent 71,423
HZ cases and 15,858 post-herpetic neuralgia
(PHN) cases per million people aged 65 years
compared with no vaccine in Japan. The ICER
was ¥4,205,515 from a payer perspective and was
most sensitive to assumptions regarding vaccine
efficacy waning, proportion of patients with HZ
developing PHN, and HZ incidence. From soci-
etal perspectives, ICERs were ¥3,854,192 (pro-
ductivity loss from suffering HZ only) and
¥4,622,212 (productivity loss from suffering HZ
and time required for vaccination). Overall, the
results were considered robust under extensive
sensitivity and scenario analyses.

Conclusion: Vaccination against HZ with RZV
is cost-effective compared with no vaccination
in Japanese adults aged 65 years.
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Graphical abstract:

Cost-Effectiveness Analysis Update of the
Adjuvanted Recombinant Zoster Vaccine in
Japanese Older Adults

Lida Teng, Akiko Mizukami, Cheryl Ng, Nikolaos Giannelos, Desmond Curran, Tomohide Sato,
Christa Lee, Taizo Matsuki

Herpes Zoster (Shingles)

Shingles is caused by reactivation of the chickenpox
virus, and commonly presents as a painful rash that goes
away in 4—6 weeks. However, some patients experience
complications such as persistent pain, even after the
rashes subside.

Older people are most
commonly affected

jvace:w

Shingles and its
complications can be
prevented by vaccination

We assessed the potential public health
impact and cost-effectiveness of the
recombinant zoster vaccine (RZV) versus no
vaccine in Japanese adults aged 65 years

end

—

A previously used mathematical model was
updated with the latest information on
vaccine price, and vaccine efficacy and waning

The study showed that the RZV is expected to substantially
decrease the number of cases of shingles and its
complications, and it is cost-effective compared with no
vaccination in Japanese adults aged 65 years.

This information may be used by policymakers when assessing
the value of RZV for vaccination policies in Japan.
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Key Summary Points

Why carry out this study?

Herpes zoster (HZ), commonly known as
shingles, is caused by the reactivation of
the varicella-zoster virus (chickenpox
virus) and typically affects older
individuals.

HZ and its complications such as post-
herpetic neuralgia (PHN) can be prevented
through vaccination.

Previous studies, based on vaccine efficacy
data collected up to 4 years post-
vaccination from global studies and on
assumed prices of the recombinant zoster
vaccine (RZV) in Japan, estimated the
number of shingles cases prevented and
the potential cost-effectiveness of RZV in
Japan.

Here, we revised the mathematical model
with the most up-to-date information to
update previous analyses in the Japanese
population. In particular, longer-term
vaccine efficacy data and the list price of
the vaccine were utilized.

What was learned from the study?

On the basis of a hypothetical cohort of
one million Japanese adults aged 65 years,
RZV vaccination was estimated to reduce
the disease burden by 71,423 HZ and
15,858 PHN cases avoided compared with
no vaccination in Japan. Moreover, an
incremental cost-effectiveness ratio (ICER)
of approximately ¥4.2 million per QALY
gained (payer perspective) was observed,
which is below the generally accepted
threshold in Japan.

Of the ages evaluated, the optimal

age(s) at vaccination predicted by this
model was 65 or > 65 years, which can be
taken into consideration for vaccination
strategy policies.

DIGITAL FEATURES

This article is published with digital features,
including a graphical plain language summary,
to facilitate understanding of the article. To
view digital features for this article, go to
https://doi.org/10.6084/m9.figshare.19711894.

INTRODUCTION

Herpes zoster (HZ), also known as shingles, is
caused by the reactivation of the varicella-zoster
virus (VZV) [1, 2]. HZ typically presents as a
painful rash which resolves without interven-
tion, although early antiviral therapy can
shorten the length and severity of the illness [2].
However, some patients experience HZ-related
complications, the most common being post-
herpetic neuralgia (PHN) [1, 2]. PHN is pain that
persists for at least 3 months after rash onset
and is a condition that is challenging to manage
clinically [1, 2]. HZ and PHN have substantial
impact on the quality of life of patients and
have been shown to incur a substantial eco-
nomic burden [3, 4]. For example, the annual
economic burden of HZ in Japan has been
approximated at ¥20 billion (¥18.8 billion from
a payer perspective and ¥24.5 billion from a
societal perspective), consisting of direct medi-
cal costs predominantly and societal costs aris-
ing from working hours lost for patients and
their caregivers [4].

Advancing age is a major risk factor of HZ
and PHN due to age-related decline in immu-
nity [1]. With increasing age, there is a natural
decline in VZV-specific T-cell-mediated immu-
nity and hence increased susceptibility to VZV
reactivation, which likely explains the increase
in HZ incidence with age [5]. Therefore, in
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countries with aging populations, such as
Japan, the absolute number of HZ cases is pre-
dicted to increase in the next decade [6, 7]. The
prevention of HZ and its complications is an
ongoing public health goal, facilitated by the
development of HZ vaccines [1].

In Japan, the one-dose live-attenuated zoster
vaccine live (ZVL; Zostavax, Merck), which is
used in several countries to prevent HZ, is not
currently available. However, a varicella vaccine
that contains the same attenuated live VZV
(OKka strain) and a similar VZV titer as the ZVL is
available (BIKEN, manufactured by the Research
Foundation for Microbial Diseases of Osaka
University). The BIKEN/Oka vaccine, previously
approved for the prevention of chickenpox, was
approved for an additional indication of HZ
prevention in immunocompetent adults
aged > 50 years in March 2016 in Japan [8, 9].
More recently, a two-dose adjuvanted recombi-
nant zoster vaccine (RZV; Shingrix, GSK) was
made available in Japan.

The RZV was approved for HZ prevention in
adults aged > 50 years in March 2018 in Japan,
following results of two global phase 3 clinical
trials that assessed the efficacy of RZV [10, 11].
The ZOE-50 (NCTO01165177) and ZOE-70
(NCT01165229) studies presented efficacy esti-
mated up to 4years post-vaccination for
patients aged > 50 years and > 70 years,
respectively. Using these data, the cost-effec-
tiveness of RZV in Japan compared with no
vaccination from a payer perspective was found
to range from ¥4,316,457 to ¥8,952,500/qual-
ity-adjusted life-year (QALY) gained at a target
vaccination age of 60 years and older [12-14].
Specifically, the incremental cost-effectiveness
ratios (ICERs) were ¥4,316,457 per QALY gained
for the population aged > 65years [12],
¥6,278,557 per QALY gained for those aged
65-84 years [13], and ¥8,952,550 per QALY
gained for those aged 60 years [14]. However,
these analyses were published before the launch
of RZV in Japan (January 2020 [15]) and
assumed RZV prices of ¥12,000-13,000 per dose
[12-14], comparable to RZV prices used in the
cost-effectiveness analyses for the USA [16] and
Germany [17]. The current list price of RZV in
Japan is ¥16,500 per dose [18].

Additionally, the previous cost-effectiveness
analysis of RZV in Japanese adults does not
reflect the most up-to-date parameters of RZV
efficacy and waning rate. Interim results from
the ongoing long-term follow-up (LTFU) of the
ZOE-50 and ZOE-70 studies (ZOE-LTFU;
NCT02723773) have shown that RZV efficacy
remained high for up to 8 years post-vaccina-
tion [19]. When the updated vaccine efficacy
results were incorporated into a Markov model,
RZV was found to improve public health and
cost-effectiveness results compared with previ-
ous analyses in the German population
aged > 50 years [20], although the effects in the
Japanese population have not been explored.

It is imperative for cost-effectiveness models
to be updated when new input data become
available, so that cost-effectiveness estimates
remain relevant to appropriately inform vacci-
nation recommendations [21]. This study
therefore aimed to provide supportive evidence
for policymaking by updating a previously
published cost-effectiveness model undertaken
in the Japanese setting [12] with the latest long-
term RZV efficacy data [19], as well as up-to-date
parameters and analysis settings such as vaccine
price. The primary objective of the present
analysis was to reevaluate the cost-effectiveness
of RZV vaccination from a payer’s perspective in
preventing HZ and its complications compared
with no vaccination in Japanese adults aged
65 years. The cost-effectiveness of RZV was also
explored in other age cohorts and from a soci-
etal perspective.

METHODS

Model Overview

The ZOster ecoNomic Analysis (ZONA) model is
a static multicohort Markov model developed in
Microsoft Excel to assess the public health
impact and cost-effectiveness of RZV [16, 22].
The current study used a ZONA model previ-
ously adapted for the Japanese context by Shi-
ragami etal. [12], with updates made to the
estimates on vaccine efficacy and waning, vac-
cine price, and other parameters (including
population size, annual all-cause mortality

A\ Adis



Dermatol Ther (Heidelb) (2022) 12:1447-1467

1451

rates, proportion of mortality due to HZ, and
costs) where necessary. In the current study, the
model calculated a number of outputs, includ-
ing the number of HZ cases, PHN cases, other
HZ-related complications, deaths due to HZ,
discounted life-years, discounted QALYs, and
discounted costs accumulated for the cohort. In
addition, the number needed to vaccinate with
the RZV to avoid one case of HZ and PHN, and
the number of visits and hospitalizations due to
HZ, were each also estimated per one million
cohort. Both the payer’s perspective and soci-
etal perspective were considered (details in the
following sections).

The model considers hypothetical cohorts
split into five age groups (ages 50-59, 60-64,
65-69, 70-79, and > 80 years). When consider-
ing vaccination scenarios, for example, directed
at ages > 65 years, the model combines the
results of the age groups of 65-69, 70-79,
and > 80 years, assuming that all individuals in
these age groups are vaccinated as in a “catch-
up” campaign. Further details regarding the
model structure, including health states, have
been published elsewhere by Curran et al. [22].
In the current study, the probability of an
individual moving between health states uses
an annual time step. These age-specific transi-
tional probabilities were derived from Japanese
data, where available, and are detailed in
Tables 1 and 2 and Supplementary Table 1.

In accordance with the Guideline for Eco-
nomic Evaluation of Prophylactic Vaccines in
Japan [23], lifetime health outcomes and asso-
ciated costs were examined to capture the full
effects of RZV vaccination through reduced
morbidity and mortality. Annual discount rates
of 2% on costs and life-years/QALYs were
applied as the cohorts were evaluated over a
lifetime and rates ranging between 0% and 4%
were considered in a sensitivity analysis [23].

A deterministic sensitivity analysis (DSA),
probabilistic sensitivity analysis (PSA), and
threshold analysis for the base-case and main
scenario (details in the following sections) were
further carried out to explore the overall
uncertainties in the model.

Base-Case Analysis

In the base-case analysis, vaccination age was
set to 65 years, in line with the recommended
routine vaccination age for the pneumococcal
polysaccharide vaccine (23-PPV) in the national
immunization program for older adults in Japan
[24]. The analysis followed one million hypo-
thetical individuals over their remaining life-
times from the year of vaccination with annual
cycle lengths. This hypothetical cohort size was
chosen to allow for comparison with existing
literature, especially from the public health
impact perspective [12, 16, 20]. The two-dose
RZV vaccination strategy (the second dose
assumed to be given 2 months after the first
dose) was compared with no vaccination, as
there is no nationally recommended vaccine for
HZ prevention in Japan [23].

The model calculated the public health
impact and costs accumulated for a hypotheti-
cal cohort of one million people in the observed
population over the entire time horizon under
each intervention strategy (RZV or no vaccina-
tion). The outcomes were then compared to
calculate incremental differences; the key out-
come measure for all analyses was the ICER.
Japan does not have an explicit ICER threshold.
While the suggested willingness-to-pay (WTP)
value per QALY gained in Japan is ¥5 million/
QALY gained [25], an ICER range rather than a
uniform price threshold has been proposed to
be more appropriate in policy settings in Japan
[26]. Hence, in the current study, an ICER below
the range of ¥5-6 million/QALY gained was
considered as cost-effective in Japan, consistent
with the generally accepted cost-effectiveness
threshold previously reported for the cost-ef-
fectiveness analysis of pneumococcal vaccina-
tion [27].

The base-case analysis considered a payer
perspective, considering only vaccination and
direct medical costs, based on the Guideline for
Economic Evaluation of Prophylactic Vaccines
in Japan [23].
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Table 1 Vaccine-specific input values applied in base-case, sensitivity, and scenario analyses

Age group Base Range for DSA Standard
(years) value Lower Upper error
limit limit for PSA
Vaccine efficacy [12, 19, 22]
Initial RZV efficacy against HZ (one dose)  50-69 0.900 0.589 0.989 0.1587
> 70 0.695 0.249 0.891 0.2276
Initial RZV efficacy against HZ (two 50-69 0.989 0.940 1.000 0.0250
doses) > 70 0954 0897 1.000 0.0291
Initial RZV efficacy against PHN (one dose) 50-69 0.900 0.589 0.989 0.1587
> 70 0.695 0.249 0.891 0.2276
Initial RZV efficacy against PHN (two 50-69 0.989 0.940 1.000 0.0250
doses) > 70 0.954 0897 1.000 0.0291
Annual waning of RZV efficacy (one dose) ~ All ages/years 0.054 0.010 0.074 0.0224
1-4
All ages/years 0.051 0.036 0.069 0.0077
44
Annual waning of RZV efficacy (two doses) 50-69 0.015 0.000 0.034 0.0077
=70 0.023 0.003 0.044 0.0102
Vaccination coverage [12, 24] All ages 40% 0.32 0.48 -
Second-dose compliance [10, 11, 33] All ages 95% 0.70 1.00 -
Adverse events of RZV [10-12]
Local/general 50-59 0.8530 0.4265 1.2795 0.21760
60-69 0.7980 0.3990 1.1970 0.20357
> 70 0.6880 0.3440 1.0320 0.17551
Outpatient visit 50-59 0.0172 0.0086 0.0258 0.00439
60-69 0.0138 0.0069 0.0207 0.00352
> 70 0.0127 0.0064 0.0191 0.00324
Emergency room visit 50-59 0.0004 0.0002 0.0006 0.00010
60-69 0.0004 0.0002 0.0006 0.00010
> 70 0.0018 0.0009 0.0027 0.00046
Serious (hospitalization) 50-59 0.0004 0.0002 0.0006 0.00010
60-69 0.0004 0.0002 0.0006 0.00010
> 70 0.0004 0.0002 0.0006 0.00010

Bold cells indicate parameters that have been updated in the current model, from the analysis performed by Shiragami et al.
(12]

DSA deterministic sensitivity analysis, HZ herpes zoster, PHN post-herpetic neuralgia, PS4 probabilistic sensitivity analysis,
RZV recombinant zoster vaccine
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Table 2 Cost input values applied in base-case, sensitivity, and scenario analyses

Age group Base

Range for DSA

Standard

(years) value Upper  SF™or for PSA
limit limit
Direct medical costs per HZ [4, 12, 36, 38, 44]
Without any complications All ages 37494 29,995 44993 3826
With PHN All ages 123,852 99,082 148,622 12,638
With non-PHN complications All ages 70,941 56,754 85,129 7239
Vaccination costs
Vaccine price per dose [18] All ages 16,500 14,850 18,150 -
Administration cost per dose [12, 34] All ages 3230 2907 3553 -
AEF costs [12, 34, 35]
Local/general All ages 0 - - -
Outpatient visit All ages 3938 - - -
Emergency room visit All ages 8738 - - -
Serious (hospitalization) All ages 208,730 - - -
Weighted AE cost per dose® 50-59 155 77 309 59.2
60-69 141 71 283 54.1
> 70 149 75 298 57.1
Indirect costs [4, 12, 28]
Productivity loss due to suffering HZ for patients and 50-59 18,807 - - -
caregivers (per HZ case without PHN) 60-69 16604 - _ _
70-79 13,067 - - -
> 80 15338 - - -
Productivity loss due to suffering HZ for patients and 50-59 61288 - - -
caregivers (per HZ case with PHN) 60-69 36433 - _ _
70-79 23,150 - - -
> 80 19,853 - - -
Productivity loss due to time required per inoculation (4 h) 50-59 3864 - - -
60-69 2768 - - -
70-79 1198 - - -
> 80 263 - - -

All cost parameters in this table were updated in the current model, from the analysis performed by Shiragami et al. [12]
AE adverse event, DSA deterministic sensitivity analysis, HZ herpes zoster, PHN post-herpetic neuralgia, PSA probabilistic

sensitivity analysis

*The model calculated a weighted AE cost per dose on the basis of the incidence of the four AEs and the costs per event. No

ranges were used for the individual costs per AE in the DSA and PSA
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Scenario Analysis

Multiple sets of scenario analyses were con-
ducted. Six scenarios for single or combined age
cohorts over 50 years were investigated: 50, 60,
70, 80, > 50, and > 65 years. The age cohort
of > 65 years was evaluated as the main sce-
nario analysis to inform a potential catch-up
vaccination program in adults above 65 years of
age.

Estimates from a societal perspective, where
indirect costs were added alongside vaccination
and direct medical costs, were examined for the
cohorts of age 65years (base case) and
age > 65 years (main scenario). Two scenario
analyses from the societal perspective were
performed: (1) considering productivity loss due
to suffering HZ only, and (2) considering pro-
ductivity loss due to suffering HZ and time
required for vaccination.

In addition, a scenario focusing on HZ mor-
bidity only (i.e., excluding HZ mortality) was
examined since deaths due to HZ could be rel-
atively uncommon. A scenario considering the
incidence of recurrent HZ to be different from
that of the initial occurrence was also per-
formed (details in the following section).

Model Inputs

Model inputs were divided into five categories:
demographics, epidemiology, vaccine-specific
parameters, costs, and utilities. A targeted liter-
ature review was conducted to assess for addi-
tional or new information of each parameter
since the previous analysis by Shiragami et al.
[12]. Additional data or insight were critically
assessed and model inputs for the current
analysis were updated where appropriate, as
detailed below. All other model inputs have
been described previously by Shiragami et al.
[12] and are included in Supplementary Table 1.

Demographics and Epidemiological Data

Age-stratified population figures and annual all-
cause mortality rates were updated with data
from the portal site of Official Statistics in Japan
(e-STAT), specifically the Estimates of the

Population 2019 and Abridged Life Tables 2019,
respectively [28].

The proportion of mortality due to HZ was
derived by dividing the number of deaths due to
HZ (obtained from e-Stat Vital Statistics in Japan
2019 [28]) with the estimated number of
patients with HZ (calculated by HZ incidence;
Supplementary Table 1 [12, 29] and e-Stat Esti-
mation of Population Size in Japan 2019 [28]).

A new report for the incidence of recurrent
HZ in Japan was identified, in which Shiraki
etal. observed lower recurrent HZ incidence
than initial HZ incidence (1.7 versus 4.8 per
1,000 person-years) in the population of Miya-
zaki Prefecture, Japan [30]. However, this was
inconsistent with other global studies, where
recurrent HZ incidence was comparable to [31]
or higher than [32] initial HZ incidence. In view
of the conflicting evidence, the current analysis
adopted the approach taken by Shiragami et al.
[12], which assumed that recurrent HZ inci-
dence was the same as initial HZ incidence. This
assumption was further tested using a scenario
analysis, where a lower recurrent HZ incidence,
estimated by applying the ratio to the incidence
of initial HZ (i.e.,, 1.7/4.8 from Shiraki et al.
[30]), was examined as a conservative scenario.

All other epidemiological model inputs,
including HZ incidence rates, the proportion of
HZ cases with PHN or other complications, and
healthcare resource utilization per HZ case,
have been described previously by Shiragami
etal. [12] and are included in Supplementary
Table 1.

Vaccine Efficacy and Waning

Vaccine efficacy and waning rate estimates for
two doses of RZV against HZ were updated on
the basis of data from interim ZOE-LTFU [19]
(Table 1). The initial vaccine efficacy was esti-
mated at 98.9% and 95.4% for adults aged
50-69 years and > 70 years, respectively, as
detailed in Curran et al. [20]. The waning rate
was estimated at 1.5% and 2.3% annually for
adults aged 50-69 years and > 70 years, respec-
tively [20]. The vaccine efficacy and its waning
rate estimates for one dose of RZV against HZ
were not changed from the Shiragami etal.
analysis [12], and are included in Table 1.
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The first-dose coverage was assumed at 40%
on the basis of the 23-PPV vaccination coverage
for older adults in Japan [24], as used by Shi-
ragami et al. [12]. The second-dose compliance
of RZV was assumed at 95% on the basis of
clinical trial data and the second-dose compli-
ance of pediatric vaccines in Japan [10, 11, 33],
as used by Shiragami etal. [12]. The interval
between the first and second doses was set at
2months, in alignment with the standard
interval recommended for RZV dosage in Japan
[15].

Costs

Vaccination costs, direct medical costs, and
indirect costs (for analysis from the societal
perspective only) were considered to compre-
hensively capture the costs associated with HZ
and HZ vaccination.

Vaccination costs consisted of vaccine price,
administration costs, and adverse event (AE)
costs due to vaccination. The RZV price per dose
was updated from the previous analysis to
¥16,500 on the basis of the list price of the
vaccine [18] (Table 2). The administration cost
per dose (inclusive of the cost of initial wvisit,
biologics, and injection) followed the same
assumptions reported in Shiragami etal. [12]
and were calculated on the basis of a Medical
Fee Point Scheme 2020 [34] (Table 2). The costs
associated with AEs similarly followed the same
assumptions reported in Shiragami etal. [12],
and updated cost data were obtained from a
Medical Fee Point Scheme 2020 [34], Drug Price
2020 [35], or Diagnosis Procedure Combination
(DPC) Point Scheme 2020 [34] (Table 2).

Direct medical costs included healthcare
utilization due to HZ, PHN, and other HZ-re-
lated complications, and followed the data
sources used in Shiragami etal. [12]. For the
current analysis, direct medical cost data were
adjusted by multiplying a revision rate of med-
ical fees accumulated from year 2014 to year
2020 (-2.5%) [36] (Table 2).

Indirect costs were considered for scenario
analyses from a societal perspective (for ages 65
and > 65 only) and included costs arising from
working hours lost for those vaccinated, as well
as for patients with HZ and their caregivers. To
estimate the productivity loss for individuals,

the current study followed the data sources used
in Shiragami etal. [12]. The age-specific wage
and the employment rates were updated from
the Basic Survey of Wage Structure 2019 and
Survey of Labour Force 2019, respectively,
included in e-Stat by age groups over 50 years in
Japan [28]. The calculated hourly wages were
¥966 for ages 50-59, ¥692 for ages 60-69, ¥300
for ages 70-79, and ¥66 for > 80 years, respec-
tively. Productivity loss due to suffering HZ
considered productivity loss of both patients
and their caregivers and was calculated using
the hourly wage described above (Table 2). The
time required for vaccination was assumed to be
4 h per inoculation [37], and productivity loss
was calculated by using the same hourly wage
described above (Table 2).

Utilities

All baseline utility and QALY loss per HZ with or
without PHN inputs have been described pre-
viously by Shiragami et al. [12], and are inclu-
ded in Supplementary Table 1.

Sensitivity Analysis

DSA was conducted to validate the robustness of
the base-case (age group 65 years) and main
scenario (age group > 65 years) analysis results.
The DSA was conducted by varying each of the
model’s inputs one at a time across ranges. The
ranges were informed by published confidence
intervals or other variance data, where avail-
able. If appropriate data were not available, the
ranges were determined on the basis of +20% of
the base-case estimates with some exceptions.
The examined range for the proportion of HZ
cases with PHN was set at —50% to +20% of the
base-case estimates. The lower bound of —50%
was set on the basis of the total PHN proportion
observed in two studies (9.2% in Sato et al. [38]
and 19.7% in Takao et al. [29]), and the upper
bound was assumed at +20% of the base-case
estimates. The examined range for vaccination
costs, including the vaccine price and adminis-
tration cost, was set at £10% of their point
estimates owing to the limited uncertainty
associated with the parameters. The examined
range for AE costs per vaccination, as weighted
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AE costs based on the incidence of four AEs, was
set at —50% to +100% of the base-case esti-
mates, as used in Shiragami et al. [12]. Finally,
the second-dose compliance of RZV was varied,
with a range of 70-100%. The lower bound was
assumed to be similar to the compliance rate
within 6 months post-initial dose reported in
the USA [39], while the upper bound was set to
the maximum value. In Japan, the second RZV
dose is recommended to be administered
2 months after the first dose, or within
6 months if the recommended interval has
lapsed [15].

PSA was conducted to observe the variation
of the cost-effectiveness in the base-case (age
group 65years) and main scenario (age
group > 65 years) analysis results. ICERs were
estimated from 5000 Monte-Carlo simulations,
in which input values were simultaneously
sampled from probabilistic distributions. As
done in Shiragami etal. [12], cost parameters
and all other parameters except for the second-
dose compliance were sampled across gamma
and beta distributions, respectively. A uniform
distribution was applied to the second-dose
compliance for RZV. Age-specific incidence
parameters that varied across age groups were
assumed to be correlated using a correlation of
0.5.

A threshold analysis was conducted to
investigate the values that selected key inputs
could hold, while still maintaining an ICER of
RZV vaccination versus no vaccination below
various hypothetical WTP thresholds in the
base-case analysis. Six sets of inputs, including
the top sensitive parameters identified in the
DSA, were examined: HZ incidence (initial and
recurrent), percentage of HZ cases with PHN
(initial and recurrent), initial efficacy of RZV
(two dose), waning of RZV (one and two dose),
vaccine price of RZV, and QALY loss per HZ case
(HZ and PHN).

Compliance with Ethics Guidelines

This article is based on mathematical modeling
with inputs informed primarily by previously
conducted studies, and does not contain any

studies with human participants or animals
performed by any of the authors.

RESULTS

Base-Case Population (Aged 65 Years)

On the basis of a fixed hypothetical cohort of
one million Japanese adults aged 65 years, RZV
was estimated to prevent 71,423 HZ cases,
15,858 PHN cases, and 6603 other HZ-related
complications compared with no vaccination
over the remaining lifetimes of one million
individuals included in the model (Table 3).
This corresponded to 2807 QALYs gained.

The HZ cases prevented allowed for direct
medical cost savings of approximately ¥3.67
billion, with a vaccination cost of approxi-
mately ¥15.47 billion. These outcomes equated
to an ICER of ¥4,205,515 per QALY gained from
a payer perspective (Table 3). From a societal
perspective, the approximate incremental costs
were approximately ¥10.8 billion (considering
productivity loss due to suffering HZ only) and
¥13.0 billion (considering productivity loss due
to suffering HZ and time required for vaccina-
tion). The resulting ICERs were ¥3,854,192 per
QALY gained and ¥4,622,212 per QALY gained,
respectively (Table 4).

The number needed to vaccinate with RZV to
prevent one case of HZ and PHN was 6 and 26,
respectively (Table 3). Vaccination with RZV
was associated with a reduction of 2720 hospi-
talizations and 428,960 outpatient visits due to
HZ (Table 3).

Main Scenario Analysis (Aged = 65 Years)

For the aged > 65 years main scenario analysis
cohort, RZV was estimated to prevent 56,272
HZ cases, 14,490 PHN cases, and 5730 other HZ-
related complications compared with no vacci-
nation over the remaining lifetimes (Table 35).
This corresponded to 2706 QALYs gained.

For adults aged > 65 years, similar to the
results for adults aged 65 years, the ICER was
¥4,533,853 per QALY gained from a payer per-
spective, ¥4,244,476 per QALY gained for
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Table 3 Base-case analysis results for one million Japanese adults aged 65 years vaccinated with RZV versus no vaccine,

from a paycr pCl‘SpCCtiVC

RZV No vaccine RZYV versus no vaccine

Health outcomes

HZ cases 188,254 259,677 —71,423

PHN cases 46,703 62,561 —15,858

Other HZ-related complications 18,352 24,955 —6603

HZ-related deaths 35 44 -9
Life-years/QALYs (discounted)

Life-years 17,535,996 17,535,943 53.3

QALYs 16,342,541 16,339,735 2807
Costs (discounted)

Direct costs (¥) 9,459,167,456 13,130,460,651 —3,671,293,195

Vaccination costs (¥) 15,474,757,773 0 15,474,757,773

Total costs (¥) 24,933,925,229 13,130,460,651 11,803,464,578

Cost-effectiveness (ICER)*

Incremental cost (¥) per QALY gained - - 4,205,515
Number needed to vaccinate to prevent one case

HZ - - 6

PHN - - 26
Resource utilization

Hospitalization 7584 10,304 —2720

Outpatient visit 1,158,192 1,587,152 —428,960

HZ herpes zoster, ICER incremental cost-effectiveness ratio, QALY quality-adjusted life-year, PHN post-herpetic neuralgia,

RZV recombinant zoster vaccine

*An ICER below the threshold range of ¥5-6 million was considered cost-effective in Japan

considering productivity loss due to suffering
HZ only, and ¥4,614,515 per QALY gained for
considering productivity loss due to suffering
HZ and time required for vaccination.

The number needed to vaccinate with RZV to
prevent one case of HZ and PHN was 8 and 28,
respectively. Vaccination with RZV was associ-
ated with a reduction of 2374 hospitalizations
and 353,312 outpatient visits due to HZ.

Other Ages Scenario Analyses

The ICER for age cohorts 50, 60, 70, 80,
and > 50 years ranged from ¥4,290,994 to
¥5,212,264 per QALY gained, from a payer per-
spective (Table 6).

Other Scenario Analyses

In the scenario focusing on HZ morbidity,
where HZ mortality was excluded, the ICER for
RZV versus no vaccination in Japanese adults
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Table 4 Cost-effectiveness analysis results for one million Japanese adults aged 65 years vaccinated with RZV versus no

vaccine, from societal perspectives

RZV

No vaccine

RZYV versus no vaccine

(A) Considering productivity loss due to suffering HZ only

QALYs (discounted)
QALYs gained

Costs (discounted)
Direct costs (¥)
Indirect costs (¥)

Vaccination costs (¥)

Total costs (¥)

Cost-effectiveness (ICER)*
Incremental cost (¥) per QALY gained

16,342,541

9,459,167,456
2,420,157,345
15,474,757,773
27,354,082,574

16,339,735

13,130,460,651
3,406,203,559
0
16,536,664,209

(B) Considering productivity loss due to suffering HZ and time required for vaccination

QALYs (discounted)
QALYs gained

Costs (discounted)
Direct costs (¥)
Indirect costs (¥)
Vaccination costs (¥)

Total costs (¥)

16,342,541

9,459,167,456

16,339,735

13,130,460,651

2807
—3,671,293,195
—986,046,213
15,474,757,773

10,817,418,365

3,854,192

2,807

—3,671,293,195

Cost-effectiveness (ICER)*
Incremental cost (¥) per QALY gained -

4,575,731,535 3,406,203,559 1,169,527,977

15,474,757,773 0 15,474,757,773

29,509,656,764 16,536,664,209 12,972,992,555
- 4,622,212

HZ herpes zoster, JCER incremental cost-effectiveness ratio, QALY quality-adjusted life-year, RZV" recombinant zoster

vaccine

*An ICER below the threshold range of ¥5-6 million was considered cost-effective in Japan

aged 65 years was ¥4,277,936 per QALY gained,
from a payer perspective (Table 7).

In the scenario considering a lower incidence
of recurrent HZ than incidence of initial HZ
occurrence, the ICER for RZV versus no vacci-
nation in Japanese adults aged 65 years was
¥4,837,023, from a payer perspective (Table 7).

Deterministic Sensitivity Analysis

For the age 65 years cohort (base case), the ICER
was the most sensitive to annual waning of RZV
(second dose) HZ efficacy after age 70 years,
followed by the percentage of initial HZ cases
with PHN, annual incidence of initial HZ, dis-
count rate for outcomes, and QALY loss per
unvaccinated HZ case with PHN, in this order.
The highest ICER achieved through the DSA
was ¥5,995,155 per QALY gained, which
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Table 5 Scenario analysis results for Japanese adults aged > 65 years vaccinated with RZV versus no vaccine from payer

and societal perspectives

RZV No RZYV versus no
vaccine vaccine
Health outcomes
HZ cases 145,165 201,438 —56,272
PHN cases 39,587 54,077 —14,490
Other HZ-related complications 14,999 20,729 —5730
HZ-related deaths 34 45 —11
Cost-effectiveness (ICER)?, incremental cost (¥) per QALY gained
Payer perspective - - 4,533,853
Societal perspective (considering suffering HZ only) - - 4,244,476
Societal perspective (considering suffering HZ and time required for - - 4,614,515
vaccination)
Number needed to vaccinate to prevent one case
HZ - - 8
PHN - - 28
Resource utilization
Hospitalization 6218 8591 —2374
Outpatient visit 917,741 1,271,053  —353,312

HZ herpes zoster, ICER incremental cost-effectiveness ratio, QALY quality-adjusted life-year, PHN post-herpetic neuralgia,

RZV recombinant zoster vaccine

*An ICER below the threshold range of ¥5-6 million was considered cost-effective in Japan

remained below the generally accepted thresh-
old range (Fig. 1).

DSA results for the age > 65 years cohort
were comparable to that of the age 65 years
cohort. However, varying the two most sensi-
tive parameters [annual waning of RZV (second
dose) HZ efficacy after age 70 years and per-
centage of initial HZ cases with PHN] increased
the maximum ICER to ¥6,246,366 and
¥6,658,248 per QALY gained, respectively,
which were slightly over the generally accepted
threshold range (Supplementary Fig. 1).

Probabilistic Sensitivity Analysis

For the age 65 years cohort (base case), approx-
imately 76% and 92% of simulations resulted in
a cost per QALY gained below the lower (¥5
million) and upper (¥6 million) bounds of the
accepted WTP threshold range, respectively
(Fig. 2).

For the age > 65 years cohort, approximately
64% and 88% of simulations resulted in a cost
per QALY gained below the lower (¥5 million)
and upper (¥6 million) bounds of the accepted
WTP threshold range, respectively (Supple-
mentary Fig. 2).
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Table 6 Scenario analysis results for Japanese adults aged 50, 60, 70, 80, and > 50 years from a payer perspective

Age group Incremental costs (discounted) Incremental QALYs ICER® (Cost per QALY
(years) (¥) (discounted) gained)

50 11,594,716,491 2468 4,698,221

60 11,708,310,699 2712 4,317,144

70 12,069,688,584 2813 4,290,994

80 12,913,458,109 2478 5,212,264

> 50 12,014,765,118 2642 4,547,684

*An ICER below the threshold range of ¥5-6 million was considered cost-effective in Japan
ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life-year

Table 7 Scenario analysis results for Japanese adults aged 65 years from a payer perspective, considering HZ morbidity only
(excluding HZ mortality) and considering a lower recurrent HZ incidence compared with the initial HZ incidence

Scenario Incremental costs Incremental QALYs ICER® (Cost per
(discounted) (¥) (discounted) QALY gained)

HZ morbidity only (excluding HZ mortality) 11,803,421,686 2759 4,277,936

Lower recurrent HZ incidence compared with 12,137,855,814 2509 4,837,023

the initial HZ incidence

HZ herpes zoster, ICER incremental cost-effectiveness ratio, QALY quality-adjusted life-year
*An ICER below the threshold range of ¥5-6 million was considered cost-effective in Japan.

Threshold Analysis

Threshold analyses showed that increasing RZV
price or waning by approximately 20% or 30%,
respectively, would result in an ICER over the
lower bound of the acceptable threshold (¥5
million). Decreasing the efficacy of RZV (two
doses) or HZ incidence by approximately 10%,
or decreasing the proportion of HZ with PHN or
the QALY loss by approximately 20%, also
resulted in an ICER over the lower bound of the
acceptable threshold (Fig. 3).

DISCUSSION

The current study shows that with updated
model input parameters, RZV had a substantial
public health impact and remained cost-effec-
tive in Japanese adults aged 65 years in the base-

case setting. Despite the increased vaccine price,
sustained vaccine efficacy led to an estimated
ICER of ¥4,205,515 per QALY gained from a
payer perspective, which is below the ICER
range of ¥5-6 million considered to be cost-ef-
fective in Japan. When examined from societal
perspectives (scenario analysis), the estimated
ICERs for those aged 65 years were approxi-
mately ¥3.9-4.6 million per QALY gained,
which remained below the generally accepted
ICER threshold in Japan. The ICERs were simi-
larly below the generally accepted threshold in
the scenarios focusing on HZ morbidity only
(i.e., excluding HZ mortality) and considering a
lower incidence of recurrent HZ.

The age cohort of > 65 years was evaluated
as the main scenario to inform a potential
catch-up vaccination program, with reference
to the ongoing 23-PPV routine and catch-up
vaccination strategy in Japan [24]. In the
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3,074,541

3,752,105

3,442,227

3,319,519
3,562,496
3,750,753 4,901,132
3,747,700 4,663,331
3,925,877 4,528,046
4,117,744 4,630,134
3,913,466 4,416,749

5,364,506

5,199,393

4,979,010

Annual waning of RZV (2nd dose)

9999159 17 efficacy after 70 YOA
Percentage of initial HZ cases
5,893,748 with PHN
Annual incidence of initial HZ

Discount rate for outcomes

QALY loss per unvaccinated HZ
case with PHN

Annual waning of RZV (2nd dose)
HZ efficacy before 70 YOA

RZV price per dose

QALY loss per unvaccinated HZ
case without PHN

Initial efficacy of RZV (two-dose)
against HZ

M Low values
¥ Upper values

Discount rate for costs

I I I I
2,000,000 3,000,000 4,000,000 5,000,000

Cost per QALY gained (¥)

Fig. 1 Deterministic sensitivity analysis results for the
ICER of RZV versus no vaccine for Japanese adults aged
65 years from a payer perspective. An ICER below the
threshold range of ¥5-6 million/QALY gained was
considered cost-effective in Japan. HZ herpes zoster, [CER

current study, for the target population of
adults aged > 65 years, the ICER of RZV com-
pared with no vaccination remained cost-effec-
tive at approximately ¥4,530,000 per QALY
gained. ICERs were less favorable in scenario
analyses where the starting age for introducing
RZV vaccination was changed from age 65 years
to 50, 60, 70, and 80 years, although these dif-
ferences were small and the ICERs were still
below the generally accepted cost-effectiveness
threshold. The ICER for the age > 50 years
cohort was also below the generally accepted
cost-effectiveness threshold but was slightly

I
6,000,000

1
7,000,000

incremental cost-effectiveness ratio, PHN post-herpetic
neuralgia, QALY quality-adjusted life-year, RZV" recombi-

nant zoster vaccine, YOA years of age

higher than that of the age > 65 years cohort.
Thus, solely based on ICER comparisons, RZV
vaccination at ages 65 or > 65 years may be
considered optimal from a cost-effectiveness
perspective compared with the other ages eval-
uated. Accordingly, the potential for HZ vacci-
nation to adopt a similar strategy to
pneumococcal vaccination in Japan—routine
RZV vaccination at age 65 years and a catch-up
program at age > 65 years—may be positively
considered.

The cost-effectiveness of RZV compared with
no vaccination in Japan has been reported in
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Fig. 2 Probabilistic sensitivity analysis results of RZV
versus no vaccine for Japanese adults aged 65 years from a
payer perspective, based on 5000 Monte-Carlo simulations,
presented in a (a) scatterplot (lower-bound threshold was
used) and (b) cost-effectiveness acceptability curve. Among
the simulations, 75.6% and 91.7% resulted in an ICER
(cost per QALY gained) below the lower and upper

previous studies with varying results [12-14].
These differences were driven mainly by differ-
ing assumptions on vaccine waning rates. The
strength of our study is that the most up-to-date
efficacy and waning data up to 8 years post-
vaccination were incorporated into the model
[19]. In contrast, initial data available on RZV
efficacy were limited to a maximum of 4 years

bounds of the generally accepted WTP threshold range,
respectively (green). JCER incremental cost-effectiveness
ratio, PSA probabilistic sensitivity analysis, QALY quality-
adjusted life-years, RZV recombinant zoster vaccine, WTP
willingness-to-pay

post-vaccination [10, 11]. Moreover, it should
be noted that vaccine efficacy data, as opposed
to effectiveness data, were used in the current
study. Vaccine efficacy data are less prone to
selection bias and confounders as they are
accounted for in randomized control trials, and
thus are considered higher-grade evidence than
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Fig. 3 Threshold analysis results for RZV versus no
vaccine for Japanese adults aged 65 years from a payer
perspective. An ICER below the threshold range of ¥5-6
million/QALY gained was considered cost-effective in
Japan. Green dotted line denotes the lower-bound thresh-
old (¥5 million/QALY gained). HZ herpes zoster, ICER

vaccine effectiveness data usually obtained from
retrospective analyses of healthcare databases.

In addition, the current study incorporated
the list price of RZV, whereas an assumed vac-
cine price was used in the previous analysis [12].
By incorporating the list price, which is higher
than the previously assumed vaccine price, the
current study provides an up-to-date estimation
of the cost-effectiveness of RZV in Japan's
context.

Overall sensitivity analysis showed that the
results were considered robust under both DSA
and PSA. DSA suggested that the cost-effective-
ness of RZV compared with no vaccine was
sensitive to assumptions regarding the annual
waning of two-dose RZV efficacy after age
70 years, percentage of HZ developing to PHN,

incremental cost-effectiveness ratio, PHN post-herpetic
neuralgia, QALY quality-adjusted life-year, RZV" recombi-

nant zoster vaccine

annual incidence of initial HZ, discount rate for
outcomes, and QALY loss per unvaccinated HZ
case with PHN, in this order. The three most
sensitive parameters were the same as those
identified in the previous analysis by Shiragami
etal. [12]. In addition, all five parameters had
been identified in the sensitivity analyses of
other cost-effectiveness studies examining RZV
in Japan and elsewhere [13, 14, 16, 17, 40, 41],
suggesting that these parameters are indeed
important factors that affect the cost-effective-
ness evaluation of RZV. The majority of these
studies similarly observed that waning-related
parameters and the annual incidence of initial
HZ had a significant impact on the ICER
[13, 16, 17, 40]. The magnitudes of impact on
ICER caused by varying other parameters
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differed depending on the range examined. In
the threshold analysis, we determined the range
of parameters that would allow the ICER to
remain cost-effective at the lower bound of the
generally acceptable threshold (i.e., ¥5 million).
These ranges may have been wider if the model
used the upper bound of the ICER threshold,
meaning that the ICER remains cost-effective
even with a greater variation in the parameters.

Despite the strengths of our analysis, some
limitations remain. There is a lack of data
regarding the second-dose compliance for RZV
in Japan and the study assumed a rate of 95% in
the base-case analysis, on the basis of clinical
trial data [10, 11]. Compliance rates of more
than 95% for multiple-dose pediatric vaccines
have been reported in the Japanese setting [33].
Even though these observations are not directly
generalizable to other age groups, they suggest
that high compliance rates are achievable in
Japan. In the sensitivity analysis, setting the
second-dose compliance rate to 70%, compara-
ble to what has been observed in the USA [39],
had little impact on the ICER in the current
study. Second-dose compliance rate was not
within the top ten sensitive parameters in the
DSA. However, a lower compliance rate may
reduce the number of HZ cases avoided [42].

In the current model, the direct medical
costs used may not fully reflect the most up-to-
date healthcare utilizations in Japan. The direct
medical costs were based on a study conducted
in 2013-2015, as used by Shiragami et al. [12].
Although the overall standard of care for HZ has
not changed in Japan since then, there have
been introductions of generics, new medica-
tions and diagnostics, as well as fluctuations in
the fees of existing medical services and drugs
[34, 35]. It was not feasible to fully incorporate
these changes into the direct medical cost esti-
mates in the current analysis. Instead, the direct
medical cost estimates from 2014-2020 were
adjusted according to the accumulated revision
rate (—2.5%) for the base-case cost value and an
extensive sensitivity analysis was conducted for
this set of parameters. From the DSA, the ICER
was not sensitive to the direct medical cost
estimates, suggesting that this limitation has
minimal impact on the conclusion of the cur-
rent analysis.

Furthermore, a review of epidemiological
studies suggested that more than 30% of
patients with PHN experienced persistent pain
for over a year [43]. In the present model, the
impact of PHN on utility and costs was conser-
vatively counted during one annual cycle. If the
model allowed for PHN to last for more than a
year, the resulting ICER would decrease.

Despite the limitations, this cost-effective-
ness analysis model simulation incorporated
the most up-to-date evidence and the robust-
ness of our cost-effectiveness findings of RZV
was supported by the sensitivity analyses.

CONCLUSIONS

Vaccination against HZ with RZV is cost-effec-
tive compared with no vaccination for Japanese
adults aged 65 years at the up-to-date vaccine
price, given the high and sustained efficacy of
RZV observed from long-term data. Scenario
analyses further suggest that RZV vaccination is
also cost-effective when initiated in multiple
age cohorts, which may represent the catch-up
vaccination setting, particularly in those
aged > 65 years. RZV remained cost-effective
under most of the alternative parameters and
assumptions explored. The current analysis may
aid local policymakers in their value assessment
of RZV vaccination.
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