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ABSTRACT

Introduction: The aim of this study was to
compare the public health impact of introduc-
ing two herpes zoster (HZ) vaccines into the
vaccination programs for the Japanese popula-
tion aged C 50 years: a single-dose Varicella

Vaccine Live (VVL) or a two-dose adjuvanted
Recombinant Zoster Vaccine (RZV).
Methods: A multi-cohort static Markov model
was developed to follow age cohorts (50–59,
60–69, 70–79 and C 80 years) over their remain-
ing lifetime. Japan-specific data inputs for the
model were obtained from Japanese data sources.
Age-stratified vaccine efficacy and waning rates
were based on published clinical trial data. In the
base-case analysis, vaccine coverage was assumed
to be 40% for both vaccines, and compliance with
second-dose of the RZV vaccine was set to 95%.
Results: Vaccination with RZV was projected to
prevent approximately 3.3 million HZ cases,
692,000 cases of postherpetic neuralgia (PHN),
and 281,000 cases of other complications, com-
pared with the prevention of 0.8 million HZ cases,
216,000 PHN cases, and 57,000 other complica-
tions with vaccination with VVL. The number of
individuals needed to vaccinate in order to pre-
vent one HZ case ranged from 6 to 14 using RZV
(depending on age and assumed second-dose
compliance) and from 21 to 138 depending on
age using VVL. By preventing a higher number of
HZ cases and its complications, RZV vaccination
led to fewer outpatient visits and hospitalizations
than vaccination with VVL.
Conclusion: Both vaccines had a positive pub-
lic health impact compared to no vaccination,
but due to its higher vaccine efficacy, RZV
demonstrated a superior public health impact
compared with VVL.
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INTRODUCTION

Herpes zoster (HZ or shingles) is caused by
reactivation of latent varicella-zoster virus
(VZV) residing within the dorsal root ganglia of
people who have had a primary varicella infec-
tion. The actual cause of reactivation of VZV has
not been identified, but it is associated with a
decline in VZV-specific cell-mediated immunity
either due to aging or immunosuppression
caused by disease or induced by medical treat-
ments [1].

The vast majority of adults have been infec-
ted with wild-type VZV (chickenpox) and are
thus at risk for developing HZ; for example, in
Japan, it is reported that[90% of individuals
aged C 20 years have anti-VZV antibodies [2].
The lifetime risk of developing HZ is generally
stated to be approximately 30%, and the inci-
dence rises steeply after the age of 50 years [3].

In the acute phase, HZ typically presents as a
painful unilateral vesicular rash in the affected
dermatome. Pain often precedes the rash by
some days, and this pain is referred to as pro-
dromal pain. Most cases of HZ are uncompli-
cated and resolve within 4 weeks of rash onset,
but some patients experience various compli-
cations. The most frequent complications dur-
ing the acute phase are ocular, cutaneous or
neurologic, and these may lead to long-term
physical impairment [1, 4]. Combined, these
complications occur in approximately 10% of
HZ patients [5]. The most common complica-
tion of HZ, however, is postherpetic neuralgia
(PHN). Reports on the proportion of HZ patients
developing PHN vary greatly because of differ-
ences in the definition used and the popula-
tions examined [6]. Approximately 15% of HZ
patients experience PHN, defined as at least
90 days of persistent pain after rash onset [6].
Furthermore, increased risks of cardiovascular
or cerebrovascular events following HZ have
been shown [7]. All HZ-related complications

increase in frequency and severity with
advancing age [1]. HZ-related deaths, albeit rare,
have also been reported [8–10].

HZ and PHN pose a substantial disease bur-
den in Japan in terms of loss of quality of life
[11] and health care costs [12]. Studies have
found HZ incidence rates of 10–11 per 1000
person-years (PY) in people aged C 50 years [13]
or C 60 years [14], with 19% of HZ patients
aged C 50 years developing PHN [13]. Another
study found that 12.4% of HZ patients had HZ-
related pain rated C 3 on a 0- to 10-point scale
3 months after HZ onset [15]. A substantial
economic burden on the healthcare system was
reported as a result of high medical costs relat-
ing to medications, outpatient visits, and hos-
pitalizations. The medical costs were higher for
HZ cases with complications than for uncom-
plicated HZ: 2.7 times higher for PHN and 1.9
times higher for complications other than PHN
[12].

Although HZ can be managed effectively if
treatment with herpesvirus-specific antiviral
oral drugs or injections is initiated within a few
days of rash onset, this treatment has no impact
on the development of PHN, which is difficult
to treat satisfactorily [16]. The first HZ vaccine
was licensed in the USA in 2006 for prevention
of HZ in people aged C 60 years. This is a live
attenuated VZV vaccine (Zoster Vaccine Live
[ZVL], Zostavax) using the same Oka strain of
VZV as the varicella vaccine developed in 1974
by Takahashi et al. [17], but at a dose of about
14-fold greater than that used for the preven-
tion of varicella [18]. ZVL is currently licensed
for HZ prevention in individuals
aged C 50 years in more than 60 countries
around the world, but not in Japan [16].

Japan was one of the first countries in the
world to introduce varicella vaccination, but
universal varicella vaccination with the Vari-
cella Vaccine Live (VVL) was not recommended
until October 2014. In March 2016, VVL was
approved in Japan for the prevention of HZ in
individuals aged C 50 years as an extended use
[19]. The titer of the VVL used for HZ preven-
tion in Japan is similar to that of the ZVL
licensed for HZ prevention elsewhere in the
world.

270 Dermatol Ther (Heidelb) (2018) 8:269–284



An alternative two-dose adjuvanted Recom-
binant Zoster Vaccine (RZV, Shingrix) was
recently licensed in the USA and Canada for
prevention of HZ in individuals aged C 50 years
and is now approved in Japan as well. This
vaccine is referred to as RZV and combines VZV
glycoprotein E, an important and highly abun-
dant protein found on the VZV, with the pro-
prietary adjuvant system AS01B. RZV is to be
administered in a two-dose schedule 2 to
6 months apart, contrary to the VVL which is
administered as a single dose. On 25 October
2017, the Advisory Committee on Immuniza-
tion Practices (ACIP) in the USA voted that RZV
is: (1) recommended for healthy adults
aged C 50 years to prevent shingles and related
complications; (2) recommended for adults who
previously received the current shingles vaccine
(ZVL) to prevent shingles and related compli-
cations; (3) the preferred vaccine for preventing
shingles and related complications [20].

The objective of the present study was to
perform an analysis of the potential public
health impact of vaccinating individuals in
Japan aged C 50 years with RZV compared to no
vaccination and to vaccination with VVL,
respectively.

METHODS

Markov Model

The ZOster ecoNomic Analysis (ZONA) model
[21] is a static multi-cohort Markov model with
a cycle length of 1 year, which follows the
cohorts over their remaining lifetime. An over-
view of the structure of the model is presented
in Fig. 1. Transitions between the health states
(no HZ, HZ, PHN, HZ-related complications
other than PHN [including ocular, neurologic,
and cutaneous complications], recurrent HZ,
HZ-related death, death due to natural causes)
occur in annual time steps. PHN and HZ com-
plications other than PHN occur during an HZ
episode and therefore occur within the same
annual time step. Probabilities of moving
between the health states are age-specific and,
to the extent possible in this study, based on
Japanese data.

The Japanese adaptation of the model con-
siders individuals aged C 50 years partitioned
into four age groups (50–59, 60–69, 70–79,
and C 80 years) and follows all individuals
within a cohort for their remaining lifetime
from the year of vaccination. As such, all indi-
viduals remain in their initial cohort, and all
subsequent events are counted in that cohort
only. For the population of individuals
aged C 50 years, the results for all age groups
are combined.

Three different vaccination strategies are
compared: no vaccination (control), vaccina-
tion with VVL, and vaccination with RZV.
Individuals can be fully or partially compliant
with the vaccine dosing schedule or not vacci-
nated at all, depending on the vaccination
coverage and compliance rates assumed for the
two-dose RZV.

Model Inputs

The model parameters are divided into three
distinct sections: demographics, epidemiology,
and natural history of HZ and vaccine efficacy
(VE).

Age-stratified population figures and all-
cause mortality rates in 5-year age groups
starting at age 50 years were retrieved from
official Japanese sources, namely, the ‘‘Estima-
tion of population (2015)’’ and ‘‘Abridged life
tables (2015)’’, respectively [22].

The epidemiological inputs to the model are
summarized in Table 1. Among some recent
studies presenting data on the incidence of HZ

Fig. 1 Model structure. HZ herpes zoster, PHN posther-
petic neuralgia Adapted from Curran et al. [21]
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Table 1 Epidemiological input values and data sources

Age group
(years)

Base
value

Rangec Data sources

Lower
bound

Upper
bound

Base
value

Range

HZ incidence (per 1000) 50–59 9.2 6.2 11.0 [13]d [23];

assumedd

60–69 9.6 6.4 11.5 [13]d [23];

assumedd

70–79 12.9 8.6 15.5 [13]d [23];

assumedd

C 80 12.6 8.4 15.1 [13]d [23];

assumedd

PHNa (%) 50–59 15.7 – – [13]e N/A

60–69 13.6 – – [13]e N/A

70–79 20.2 – – [13]e N/A

C 80 32.9 – – [13]e N/A

Complications other than PHNa

(%)

50–69 5.1 – – [12]f N/A

C 70 10.6 – – [12]f N/A

HZ mortality ratesa (%) 50–54 0.0000 – – [22] N/A

55–59 0.0000 – – [22] N/A

60–64 0.0012 – – [22] N/A

65–69 0.0011 – – [22] N/A

70–74 0.0020 – – [22] N/A

75–79 0.0037 – – [22] N/A

80–84 0.0158 – – [22] N/A

85–89 0.0277 – – [22] N/A

90–94 0.0641 – – [22] N/A

95–99 0.2858 – – [22] N/A

C 100 0.5120 – – [22] N/A

Hospitalizationb 50–69 0.020 – – [12, 14]g N/A

C 70 0.044 – – [12, 14]g N/A
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in Japan [13, 14, 23], the data from Takao et al.
[13] were selected for this analysis because the
data collection method was considered to be
satisfactory and the study covered the age group
of 50-year-olds or older. Data from the other
studies mentioned were applied in sensitivity
analyses. The SHEZ study [13] was a prospective
community-based cohort study following
approximately 12,500 individuals over a 3-year
period to estimate the incidence of HZ and
PHN. Data for HZ complications other than
PHN were derived from a study by Nakamura
et al. [12]. Although there are various reports on
recurrent HZ, due to differences in study design,
such as follow-up period and patient popula-
tions [23–25], we assumed that the incidence of
recurrent HZ was the same as that for the first
occurrence, as also assumed in other models
[26, 27]. Mortality rates for deaths caused by HZ
were retrieved from ‘‘Vital statistics (2015)’’ [22].

As no data are available for the use of VVL for
prevention of HZ, it is assumed that VE and
waning data for the ZVL can be applied to VVL
without any modifications. A similar assump-
tion was made in a recent cost-effectiveness
analysis of HZ vaccination in Japan [19]. The
efficacy of ZVL was assessed in two phase III
clinical trials that included[38,000 individuals
aged C 60 years (the Shingles prevention study
[SPS] [28]) and 22,000 individuals aged 50–
59 years (the Zoster Efficacy and Safety Trial
[ZEST] [29]). The VEs against PHN were calcu-
lated by adding the efficacy against PHN to that
against HZ. The assumed overall VEs of VVL
against HZ and PHN, respectively, are presented
in Table 2. The duration of protection for VVL
was modeled based on data from the SPS [28]
and a long-time protection study [30]. The
model suggested a waning of VE of approxi-
mately 5.4% during each of the first 4 years and
5.1% thereafter. The overall VE against PHN is

Table 1 continued

Age group
(years)

Base
value

Rangec Data sources

Lower
bound

Upper
bound

Base
value

Range

Number of outpatient visitsb 50–69 4.8 – – [12]h N/A

C 70 6.4 – – [12]h N/A

HZ Herpes zoster, n number, PHN postherpetic neuralgia, N/A not applicable
a % of HZ cases
b Mean number per HZ case
c –, Not varied in the sensitivity analysis
d Takao et al. [13] reported the incidence rate of HZ in a community-based prospective cohort study. The lower bound
estimates were obtained from Shiraki et al. [23], with –33% set based on the ratio of incidence at ages 70–79 years
(0.00869/0.01290); assumed was ? 20% of base case for the upper bound. The recurrent HZ incidence was assumed to be
the same as the initial HZ incidence
e The percentage of HZ with PHN was obtained from the same data source as the HZ incidence [13]. The PHN
proportion among HZ was assumed to be the same for both initial and recurrent cases
f Nakamura et al. [12] reported the overall percentage of non-pain complications including ocular, neurological, and
cutaneous ones in a prospective, observational cohort study of Japanese adults aged C 60 years. The proportion at ages
50–59 years was assumed to be the same as that at ages 60–69 years
g Hospitalization rate reported by Nakamura et al. [12] was adjusted by the rate reported by Sato et al. [14]. The data at
ages 50–59 years were assumed to be the same as those at ages 60–69 years
h The data at ages 50–59 years were assumed to be the same as those at ages 60–69 years
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Table 2 Values applied for vaccine-specific inputs for base-case and sensitivity analyses and data sources

Age group
(years)

Base value
(%)

Rangea

(bounds-%)
Data sources

Lower Upper Base
value

Range

Initial HZ efficacy: RZV (one dose) 50–69 90.00 58.90 98.90 [21] [21]

C 70 69.50 24.90 89.10 [21] [21]

Initial HZ efficacy: RZV (two doses) 50–69 98.40 95.00 100.00 [21] [21]

C 70 97.84 94.10 100.00 [21] [21]

Initial HZ efficacy: VVL 50–59 69.80 54.10 80.60 [29] [29]

60–69 63.89 56.00 71.00 [28, 46] [21, 46]

70–79 40.85 28.00 52.00 [28, 46] [21, 46]

C 80 18.25 0.00 48.00 [28, 46] [21, 46]

Initial PHN efficacy: RZV (one dose) 50–69 90.00 – – [21] N/A

C 70 69.50 – – [21] N/A

Initial PHN efficacy: RZV (two doses) 50–59 98.40 – – [21] N/A

C 70 97.84 – – [21] N/A

Initial PHN efficacy: VVL 50–59 69.80 – – Assumedb N/A

60–69 65.69 – – [28, 46] N/A

70–79 73.38 – – [28, 46] N/A

C 80 39.51 – – [28, 46] N/A

Annual waning of efficacy: RZV (one

dose)

All for years 1–4 5.40 1.00 7.40 Assumedc [21]

All for years C 5 5.10 3.60 6.90 Assumedc [21]

Annual waning of efficacy: RZV (two doses) 50–69 for years

1–4

1.00 0.00 2.60 [21] [21]

50–69 for

years C 5

2.30 0.70 4.60 [21] [21]

C 70 3.60 1.40 6.60 [21] [21]

Annual waning of efficacy: VVL All for years 1–4 5.40 4.50 6.40 [21] [21]

All for years C 5 5.10 4.10 6.00 [21] [21]

Coverage All 40.00 20.00 60.00 Assumedd Assumedd
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assumed to wane at the same rate as the VE
against HZ. In the ZONA model, the VE values
used (i.e., age-specific VE at time 0 for the VVL)
are automatically adjusted each year to take
waning into account.

The VE of RZV was assessed in two phase III
clinical trials in 16,161 individuals
aged C 50 years (ZOE-50) and in 14,816 indi-
viduals aged C 70 years (ZOE-70) [31, 32].
Japanese subgroup analyses in these studies
revealed that RZV demonstrated a high efficacy
in the Japanese population as well [33]. How-
ever, the results of the global trials were selected
for this model analysis because of their larger
sample sizes. Participants aged C 70 years were
randomly assigned to one of the two trials to
allow for a pre-planned combined analysis of all
participants aged C 70 years. In both the ZOE-
50 study and the pooled analysis of participants
aged C 70 years (referred to as ZOE-70?), the VE
of RZV remained consistent across the age
groups (Table 2). The waning over time of VE
for RZV was derived by a linear approximation
to the VE estimates per year obtained in the
ZOE-50 and ZOE-70 studies. The estimated
waning of VE is illustrated in Fig. 2 and was
approximately 1.0% per year in the ZOE-50
study and 3.6% in the ZOE-70? analyses. Based
on these data, it was assumed that for individ-
uals aged 50–69 years, the VE for RZV wanes at
1.0% per year until year 4 after vaccination, at

2.3% per year (the average of the two values
observed for the two clinical trials mentioned
earlier) during the subsequent years until age 69
years, and at 3.6% per year for individuals
aged C 70 years. There were very few

Table 2 continued

Age group
(years)

Base value
(%)

Rangea

(bounds-%)
Data sources

Lower Upper Base
value

Range

Second-dose compliance for RZV All 95.00 70.00 100.00 [31, 32]e Assumede

RZV Recombinant Zoster Vaccine, VVL Varicella Vaccine Live, HZ Herpes Zoster, PHN Postherpetic Neuralgia, N/A Not
Applicable
a –, Not varied in the sensitivity analysis
b Assumed to be the same as the initial efficacy in preventing HZ
c Assumed to be the same as the waning rate of VVL efficacy
d Assumed to be the same as that in a recently introduced vaccine for elderly, pneumococcal polysaccharide vaccine-23 [34].
Assumed to be ± 20% of base case for the upper/lower bound, respectively
e As there were no available data in Japan, second-dose compliance in this analysis was assumed to be the same as that
obtained from two clinical trials [31, 32]. Assumed to be 70 and 100% for the lower/upper bound, respectively

Fig. 2 Waning over time of efficacy of Recombinant
Zoster Vaccine (RZV) in preventing HZ. Adapted from
Curran et al. [21]

Dermatol Ther (Heidelb) (2018) 8:269–284 275



breakthrough HZ cases in both studies, and
altogether there were only four cases of PHN.
Thus, the overall VEs against PHN were assumed
to be the same as the VEs against HZ.

RZV was developed as a two-dose schedule, but
to assess its public health impact the waning after
just one dose must alsobe estimated because some
individuals will not be compliant and receive the
second-dose. In both the ZOE-50 and ZOE-70 tri-
als, the compliance was high, and the mean fol-
low-up period for individuals who received only
the first dose was less than 3 months, so the pos-
sibility of obtaining robust VE estimates with one
dose of RZV is limited. The observed VE after one
dose was 90.1% (95% confidence interval [CI]
58.9–98.8%) in ZOE-50 and 69.5% (95% CI
24.9–89.1%) in the pooled analysis. With no data
available on the long-term VE of one dose of RZV,
it was assumed that it wanes at the same rate per
year as the VE of VVL (Fig. 2).

The vaccination coverage was assumed to be
the same as that for a pneumococcal polysac-
charide vaccine for older adults recently intro-
duced in Japan [34], i.e., 40%. The compliance
for the second-dose of RZV was assumed to be as
high as that observed in both clinical trials, i.e.,
95% in the base-case analysis because [ 95%
compliance for the second- or third-dose of
pediatric vaccines has been reported in Japan
[34]. Two scenario analyses were performed to
assess the impact of varying the compliance
rates, assuming 70 and 100%, respectively.

Model Outputs

The health outcomes calculated in the model
were the numbers of HZ cases, PHN cases, cases of
HZ complications other than PHN, and deaths
from HZ accumulated over the entire time hori-
zon under each vaccination strategy. For each
vaccine, the number of cases with vaccination
was compared with the number of cases without
vaccination, and the numbers of individuals
needed to vaccinate (NNV) to avoid one HZ and
one PHN case, respectively, were calculated.

Deterministic one-way sensitivity analyses
were performed by varying each of the model’s
input variables one at a time over the ranges
presented in Tables 1 and 2. The variables

examined were HZ incidence rates, vaccination
coverage, compliance with the second-dose of
RZV, VE against HZ, and waning of VE for both
vaccines. The results of the deterministic sensi-
tivity analyses are summarized in a tornado
diagram that indicates the parameters’ relative
impact on the number of HZ cases avoided.

Scenario analyses were performed to explore
the uncertainty about the model’s outcomes under
varying combinations of the extreme values for the
variables (Table 2). The variables included in the
scenario analyses were compliance with the sec-
ond-dose, VE against HZ and waning of VE for RZV
with both one and two doses.

Compliance with Ethics Guidelines

All procedures performed in studies involving
human participants were in accordance with
the ethical standards of the institutional and/or
national research committee and with the 1964
Helsinki declaration and its later amendments
or comparable ethical standards. Informed
consent was obtained from all individual par-
ticipants included in the study.

RESULTS

The Japanese general population comprised
approximately 58 million people
aged C 50 years. The base-case public health
impact results of the three vaccination strate-
gies (no vaccination, vaccination with VVL,
vaccination with RZV) over the remaining life-
time are presented in Table 3 (overall) and Fig. 3
(stratified across age groups).

The expected number of HZ cases and its
complications (including PHN and complica-
tions other than PHN) in the no-vaccination
strategy are higher in the age groups 50–59 and
60–69 years than in the older age groups as
individuals younger than 70 years are assumed
to live and be at risk of HZ for more years than
individuals in the oldest groups. Overall, com-
pared to VVL vaccination, RZV vaccination
(with a compliance with second-dose of 95%)
increased the numbers avoided by 310, 220,
391, and 1336% for cases of HZ, PHN, other
complications, and deaths, respectively. In
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addition, the numbers of hospitalizations and
outpatient visits avoided were increased by 398
and 341%, respectively.

Comparing the results assuming the com-
pliance rate with the second-dose of RZV of 70%
with the base-case results, about 15% reductions
in the number of cases of HZ and its complica-
tions prevented were observed as well as
healthcare resource utilization avoided. A simi-
lar reduction in the number of HZ-related
deaths avoided (19%) was observed. Despite this
decrease, vaccination with RZV prevented a
much higher number of cases of HZ and its
complications than did vaccination with VVL
(Table 3), irrespective of the second-dose com-
pliance scenario used.

The NNV to avoid a case of HZ and a case of
PHN with both vaccines under varying
assumptions around the second-dose compli-
ance rate for RZV are presented in Table 4. Even
with a lower compliance rate for the second-
dose, a RZV vaccination strategy requires a
lower number of people to be vaccinated to
prevent one HZ case and one of PHN than does
a VVL vaccination strategy. The NNV to avoid

one HZ case increases with age for both vacci-
nes, but at different rates (six individuals aged
50–59 years and 12 individuals aged C 80 years
for RZV vs. 23 and 138, respectively, for VVL).
For avoiding a case of PHN, there is no similar
association between age and the NNV for either
vaccine.

The results of the deterministic sensitivity
analyses are presented in a tornado diagram in
Fig. 4. In the base-case analysis, vaccination
with RZV resulted in approximately 2.5 million
more HZ cases avoided over the remaining
lifetime of individuals aged C 50 years com-
pared with vaccination with VVL. The bars in
Fig. 4 are ordered vertically according to the size
of their impact on the outcome, with the vari-
able with the greatest impact on top. The lower
(upper) bound end of the bar indicates the
impact of the variable when its value is equal to
the lower (upper) value of its range. For exam-
ple, if the coverage for both vaccines was
assumed to be 20%, vaccination with RZV
resulted in approximately 1.3 million more HZ
cases avoided than vaccination with VVL; with
a coverage of 60%, about 3.8 million more cases

Table 3 Public health impact of Recombinant Zoster Vaccine and Varicella Vaccine Live over a lifetime horizon from the
age of vaccination

Number of cases if no
vaccination

Cases avoideda

RZV VVL

Low second-dose
complianceb

Base casec High second-dose
complianceb

Number of persons

vaccinatedd
– 23,217,200 23,217,200 23,217,200 23,217,200

HZ 15,233,397 2,847,289 3,338,693 3,436,974 815,006

PHN 3,580,971 583,163 692,036 713,811 216,421

Complications 1,391,444 237,058 281,223 290,056 57,242

Deaths 1489 158 195 202 14

Hospitalizations 572,831 97,024 115,188 118,821 23,141

Outpatient visits 90,997,868 16,338,880 19,253,353 19,836,248 4,368,082

RZV Recombinant Zoster Vaccine, VVL Varicella Vaccine Live, HZ Herpes Zoste, PHN Postherpetic Neuralgia
a In vaccinated persons compared with those not vaccinated over the lifetime of the respective cohorts
b Low, 70%; high, 100%
c Base-case assumptions: coverage, 40%; compliance with second-dose for RZV, 95%
d Total cohort is 58,043,000
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were avoided with vaccination with RZV. In all
scenarios considered, vaccination with RZV
resulted in more cases of HZ avoided than did
vaccination with VVL. The outcome was most
sensitive to assumptions regarding the vacci-
nation coverage, the two doses waning, and the
incidence of initial HZ (Fig. 4).

The results of the scenario analyses are pre-
sented in Table 5. The number of additional HZ
cases avoided with vaccination with RZV com-
pared to vaccination with VVL, assuming the
combination of efficacy and waning most
favorable for RZV (Scenario 1) and least favor-
able for RZV (Scenario 4) amounted to approx-
imately 4.3 and 0.7 million, respectively.

DISCUSSION

In this study we modeled the potential public
health impact of HZ vaccination in the Japanese
population aged C 50 years and showed that
the RZV vaccine would reduce the number of
HZ cases by approximately 3.3 million com-
pared a reduction of 0.8 million using the VVL.
The NNV to avoid a case of HZ ranged from 6 to
14 using the RZV vaccine and from 21 to 138
using VVL. Figure 5 presents a summary of the
context, outcomes and impact of this study for
healthcare providers.

RZV has only recently been licensed in the
USA, Canada, and Japan and, consequently, no
effectiveness data are yet available. For consis-
tency, we used VE data from phase III clinical
trials for both vaccines to derive parameter
estimates for the impact in preventing HZ and
its complications. Effectiveness data for ZVL
indicated that the observed effectiveness of the
VVL against HZ waned from 68.7% (95% CI
63.3–70.9%) in the first year after vaccination to
4.2% (- 24.0–5.9%) in the eighth year, with a
similar reduction in both age groups considered
(60–69 and C 70 years) [35]. Another study
estimated a much slower waning, however,
with an effectiveness through year 8 of 31.8%
(95% CI 15.1–45.2%) [36]. Estimating the wan-
ing of the effectiveness of the VVL on the basis
of the observations of Tseng et al. [35] indicated
a linear reduction of the effectiveness by about
7.5% per year, contrary to the yearly waning of
the VE by about 5.0% assumed in this model
exercise.

The vaccination coverage was assumed to be
40%, based on the observed coverage for a
pneumococcal polysaccharide vaccine for older
adults recently licensed in Japan. Coverage rates
for ZVL observed in the USA and UK have ran-
ged between 14.5% in individuals
aged C 65 years in the USA [37] and 61.8% in
individuals aged C 70 years in the UK [38].
Varying the assumed vaccination coverage has a
large impact on the estimate of the differences
in the number of HZ cases avoided by using RZV
rather than VVL, ranging from approximately
1.3 million cases avoided with a 20% coverage
rate to 3.8 million with a 60% coverage rate.

Fig. 3 Cases avoided with vaccination versus no vaccina-
tion by age cohort. RZV Recombinant Zoster Vaccine,
VVL Varicella Vaccine Live, HZ Herpes Zoste, PHN
Postherpetic Neuralgia
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The base-case incidence rates of initial HZ
were taken from Takao et al. and ranged from
9.2/1000 PY for individuals aged 50–59 years to
12.9 for the age group 70–79 years old [13].
Using alternative rates from the study by Shiraki
et al. [23] with about 33% lower incidence rates
in the deterministic sensitivity analyses

suggested that the total number of HZ cases
avoided with RZV would range between 1.8 and
2.9 million more than with VVL, depending on
the boundary of the uncertainty interval used.

In the base-case analysis, the compliance rate
with the second-dose of RZV was assumed to be
95%, corresponding to compliance rates

Table 4 Number of people needed to be vaccinated to prevent one herpes zoster case and one postherpetic neuralgia case

Age group (years) RZV second-dose compliance VVL

Lowa Base caseb Higha

NNV for HZ 50–59 7 6 6 23

60–69 8 7 7 21

70–79 10 8 8 37

C 80 14 12 12 138

NNV for PHN 50–59 41 35 34 144

60–69 39 33 32 127

70–79 40 34 33 66

C 80 40 35 34 137

NNV Number Needed to Vaccinate
a Base-case assumptions: coverage, 40%; second-dose compliance for RZV Recombinant Zoster Vaccine, VVL Varicella
Vaccine Live, HZ Herpes Zoste, PHN Postherpetic Neuralgia, 95%
b Low compliance, 70%; high compliance, 100%

Fig. 4 Tornado diagram for one-way sensitivity analyses results for HZ cases avoided by vaccination of Japanese people
aged C 50 years with RZV versus vaccination with VVL. HZ Herpes Zoster, VVL Varicella Vaccine Live, RZV
Recombinant Zoster Vaccine
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observed in the two pivotal clinical trials ZOE-
50 and ZOE-70; these studies provide the only
data currently available on second-dose com-
pliance [31, 32]. Curran et al. [21] assumed a
second-dose compliance rate of 70% in their
deterministic sensitivity analysis. Considering

that a compliance rate of[95% for the second-
or third-dose of pediatric vaccines in 2014 has
been reported in Japan [34], the 70% compli-
ance rate of Curran et al. [21] may be too low a
compliance rate for Japanese people willing to
be vaccinated against HZ. Nevertheless, we

Table 5 Scenario analyses inputs and results for herpes zoster cases avoided comparing vaccination with Recombinant
Zoster Vaccine and Varicella Vaccine Live

Scenario Second-dose
compliance
with RZV
vaccination

Initial efficacy
of RZV (one
dose) against
HZ

Initial efficacy
of RZV (two
doses) against
HZ

Waning of
RZV efficacy
(one dose)

Waning of
RZV efficacy
(two doses)

Number of HZ
cases avoided with
RZV compared to
VVL

Scenario 1 Upper bound Upper bound Upper bound Lower bound Lower bound 4,342,890

Scenario 2 Base Base Upper bound Base Lower bound 4,151,864

Base case Base Base Base Base Base 2,523,687

Scenario 3 Base Base Lower bound Base Upper bound 1,180,198

Scenario 4 Lower bound Lower bound Lower bound Upper bound Upper bound 694,132

HZ herpes zoster, RZV Recombinant Zoster Vaccine, VVL Varicella Vaccine Live

Fig. 5 Focus on the Patient
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assessed the impact of a second-dose compli-
ance rate of 70% and found that at this com-
pliance rate the RZV vaccine would ensure
avoidance of approximately 2.0 million HZ
cases more than vaccination with the VVL.

The results of previous studies estimating the
public health impact of using the RZV vaccine
for prevention of HZ in older adults compared
to the ‘no vaccine’ alternative are consistent
with our observations [21, 39–43]. In our study
we used VE inputs and assumptions in line with
those of Curran et al. [21] who, compared to the
previous studies, used more robust methods
that were validated during an advisory board
meeting with international experts. The Curran
study also included a comparison between RZV
and ZVL for the prevention of HZ in individuals
aged C 50 years. Despite differences in the
details of model inputs and assumptions, all
studies indicate that RZV will provide public
health benefits for the prevention of HZ that are
superior to those of the VVL. The same results
were obtained in most of the scenarios exam-
ined in another study performed in Canada,
which applied a different model and alternative
assumptions—for example, regarding VE and
waning [44].

A key limitation of the present study is the
uncertainty about the waning rate and the
current lack of data on the effectiveness of RZV
outside the realm of controlled clinical trials
and over the longer term in a clinical practice
setting. The projected waning rates used in the
model are based on clinical trial data with a
follow-up of\4 years, but we accounted for the
inherent uncertainty in using such data as a
source for waning estimates by performing
sensitivity analyses with maximum waning
rates assumed to be twice as high as those
assumed in the base case. Even under the most
unfavorable assumptions for RZV regarding VE
and waning, we estimated that RZV would
result in the avoidance of considerably more HZ
cases than the VVL and thus have a positive
public health impact. Future surveillance stud-
ies will be performed when RZV has been
licensed and widely adopted in clinical practice,
resulting in the generation of data on its effec-
tiveness in real-world practice.

CONCLUSIONS

The evidence provided by this study may help
policy-makers, clinicians, and health insurers to
assess the potential value of RZV in preventing
HZ in older adults not only in Japan but in all
settings with an unmet need for the prevention
of HZ. With the aging of populations around
the world and the age-related steep increase in
the incidence of HZ, this need is expected to
increase in the future [45].
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