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Herpes zoster (HZ; shingles) is a common viral disease that affects the nerves and surrounding skin causing a painful
dermatomal rash and leading to debilitating complications such as, mainly, post-herpetic neuralgia (PHN). Currently,
there is no effective treatment for HZ and PHN. The objective of this study was to assess the cost-effectiveness of a HZ
vaccination program in Germany. An existing Markov Model was adapted to the German healthcare setting to compare
a vaccination policy to no vaccination on a lifetime time-horizon, considering 2 scenarios: vaccinating people starting at
the age of 50 or at the age of 60 years, from the perspective of the statutory health insurance (SHI) and the societal
perspective. According to the perspective, vaccinating 20% of the 60C German population resulted in 162,713 to
186,732 HZ and 31,657 to 35,793 PHN cases avoided. Corresponding incremental cost-effectiveness ratios (ICER) were
39,306 €/QALY from the SHI perspective and 37,417 €/QALY from a societal perspective. Results for the 50C German
population ranged from 336,468 to 394,575 HZ and from 48,637 to 56,087 PHN cases avoided from the societal
perspective. Corresponding ICER were 39,782 €/QALY from a SHI perspective and 32,848 €/QALY from a societal
perspective. Sensitivity analyses showed that results are mainly impacted by discount rates, utility values and use of
alternative epidemiological data.The model indicated that a HZ vaccination policy in Germany leads to significant
public health benefits and could be a cost-effective intervention. The results were robust and consistent with local and
international existing literature.

Introduction

Herpes zoster (HZ; shingles) is a common health problem
causing significant pain and morbidity, especially in the popula-
tion aged 50 and over.1 HZ is the clinical manifestation of the
reactivation of latent varicella zoster virus (VZV), a virus com-
monly acquired in childhood (chickenpox), primarily due to a

decrease in cell-mediated immunity (CMI). One in 41 people are
likely to get HZ in their life, and the risk increases with age,
roughly doubling in every decade after the age of 50, due to a
decrease in specific cellular immunity against the virus.2 VZV
reactivation affects the nerves and surrounding skin, explaining
the main symptoms of HZ: rash and pain which usually last
from about 2 weeks to one month.3
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The most common neurological complication of HZ is post-
herpetic neuralgia (PHN), which can be defined as pain persist-
ing or occurring at least one month,4 3 months3,5,6 or 6
months7,8 after the rash onset depending on the definition used.
While there is no international consensus on the definition of
PHN, the most commonly accepted definition is that of pain
persisting at least 3 months after HZ rash onset.3,5,6 One in 59

HZ patients develops PHN and similarly to acute HZ, the risk
becomes greater with age, reaching 50% among patients aged �
80 y.4,10

Even though the severity of HZ and PHN may differ
among patients, HZ and PHN substantially impair quality
of daily life due to the physical, occupational and emotional
disabilities they can cause.1,11–13 In addition to direct
impact on patients’ physical and mental health, HZ and
PHN also affect social functioning and engagement as well
as the ability to work, with consequences for family, friends
and society.14

Zostavax�, the first zoster vaccine, received marketing
approval by the European Medicines Agency (EMA) in 2006 for
the prevention of HZ and PHN in individuals aged � 50 y In a
randomized, double-blind, placebo-controlled trial (Shingles Pre-
vention Study, SPS) involving 38,546 immunocompetent adults
aged � 60 years, Zostavax� has been shown to significantly
reduce both the incidence of HZ and the incidence of PHN.5 In
addition, the vaccine demonstrated an impact on the severity of
HZ, as vaccinated patients who contracted HZ experienced a
milder form of the disease, and the number of HZ cases with
severe and long lasting pain was significantly reduced.5 Similarly,
in Zostavax� Efficacy and Safety Trial (ZEST), which comprised
more than 22,000 subjects 50 to 59 y of age, Zostavax� signifi-
cantly reduced the incidence of HZ.15

Given the frequency of the disease, the serious impact of HZ
on patients’ physical, occupational and social functioning, the
lack of effective treatments as well as the common neurological
complication PHN, prevention with vaccination represents a cru-
cial innovation.16,17 In the context of an aging German popula-
tion, prevention of HZ and its complications is of even
increasing significance as prevalence of HZ rises with age. HZ
vaccination could not only relieve the burden of disease but also
help maintain autonomy and social functioning, contributing to
supporting active and healthy aging in the growing elderly Ger-
man population. The objective of this cost-effectiveness analysis
was to quantify the health benefits and economic impact of the
implementation of a VZV vaccination in prevention of HZ and
PHN in the German population aged � 50 y.

Results

Base case analysis
As shown in Table 1, vaccinating 20% of the German SHI

population aged � 60 y would potentially prevent 162,713 HZ
cases and 31,657 PHN cases compared to no vaccination policy
(SHI perspective). From the societal perspective (total German
population aged � 60 years) 186,732 HZ and 35,793 PHN cases
were avoided, respectively. QALYs gained were 12,891 from the
SHI perspective and 14,558 from the societal perspective.

Accordingly, vaccinating 20% of the German SHI population
aged � 50 y would potentially prevent 336,468 HZ cases and
48,637 PHN cases compared to no vaccination policy (SHI per-
spective). From the societal perspective (total German population
aged � 50 years) 394,575 HZ and 56,087 PHN cases were

Table 1. Base case results related to the cost and effectiveness outcomes

Outcome Lifetime results Vac Policy No Vac Policy Differencey

Population aged � 60 years
Cost Societal Perspective € 2,077,158,779 € 1,532,437,377 € 544,721,402

SHI Perspective € 1,672,282,659 € 1,165,574,811 € 506,707,848
Effectiveness Societal perspective (ND21,778,791) QALYs 177,608,837 177,594,279 14,558

HZ Cases 3,654,489 3,841,221 ¡186,732
PHN Cases 473,195 508,988 ¡35,793

Effectiveness SHI perspective (ND19,364,217) QALYs 155,831,074 155,818,182 12,891
HZ Cases 3,213,659 3,376,373 ¡162,713
PHN Cases 416,489 448,146 ¡31,657

Population aged � 50 years
Cost Societal Perspective € 4,045,355,969 € 3,322,166,338 € 723,189,631

SHI Perspective € 2,622,504,402 € 1,861,399,601 € 761,104,801
Effectiveness Societal perspective (ND33,751,798) QALYs 348,804,818 348,782,802 22,016

HZ Cases 6,729,013 7,123,388 ¡394,575
PHN Cases 833,390 889,477 ¡56,087

Effectiveness SHI perspective (ND29,382,613) QALYs 299,089,761 299,070,629 19,132
HZ Cases 5,786,377 6,122,845 ¡336,468
PHN Cases 717,888 766,525 ¡48,637

HZ D herpes zoster; ICER D incremental cost-effectiveness ratio; PHN D post-herpetic neuralgia; QALY D quality adjusted life year; SHI D statutory health
insurance; Vac D Vaccination.
yDifferences due to rounding.
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avoided, respectively (Table 1). QALYs resulted in 19,132 from
the SHI perspective and 22,016 from the societal perspective.

As shown in Table 2 the incremental cost-effectiveness ratio
(ICER) for German SHI population aged � 60 y was 39,306
€/QALY gained compared to a no vaccination policy. From a
societal perspective the ICER decreased to 37,417 €/QALY
gained. From the SHI perspective the NNV was 24 to avoid one
case of HZ and 114 to avoid one case of PHN. From the societal
perspective, the NNV to avoid one case of HZ was 23, and it was
113 to avoid one case of PHN.

The ICER for the German SHI population aged � 50 y was
39,782 €/QALY gained compared to a no vaccination policy. From
a societal perspective the ICER decreased to 32,848 €/QALY gained
(Table 2). From both perspectives, the NNV to avoid one case of
HZ was 17, and it was 110 to avoid one case of PHN.

Sensitivity analyses
The tornado diagrams (Figs. 1-4) illustrate the impact of inde-

pendent parameters on the base case results for both populations.
Variables with the most signifi-
cant impact on the ICER were
the discounting rates, the utility
values associated with pain, the
incidence of HZ and PHN, the
pain severity classification, the
waning of the vaccine efficacy
as well as the vaccine price.

The discount rates showed
a noticeable impact on the
analysis results for both pop-
ulations (50C and 60C),
with ICERs varying plus or
minus €10,000 per QALY
around the base case
estimates.

Using alternative utility
inputs extracted from Pellissier
et al.,18 Bala et al.19 and van
Seventer et al.,20 resulted for
both populations (50C and
60C) in an unfavourable effect

on the ICER for the vaccine, since this data does not take into
account severe pain states as much as the base case inputs do.

The alternative epidemiological inputs for HZ and PHN
extracted from Ultsch et al.21 led in both populations (50C
and 60C) to higher ICERs, up to €70,456 (SHI perspective
for population aged � 60 years) and 67,425 respectively for
the SHI and societal perspective for population �50 years.

Alternative efficacy waning and duration had significant
impact on the results, too. Assuming a lifetime vaccine effi-
cacy duration for HZ and a 10 y vaccine efficacy duration
for PHN and a constant waning rate of 8.3% on the HZ vac-
cine efficacy, the ICERs increased for the population aged
�50 y. When considering the same vaccine efficacy duration
on HZ and PHN but with an alternative efficacy waning of
4.15%, the ICER from the SHI perspective for the popula-
tion aged �50 y slightly decreased (€37,126) whereas it
increased the ICER from a societal perspective (€38,219).
For the population aged �60 y the ICERs decreased up to
25,638.

Table 2. Base case ICER (lifetime time horizon)

Results Outcome SHI perspective Societal perspective

Population aged � 60 years
Cost (€) per QALY 39,306 37,417

ICER Cost (€) per HZ case avoided 3,114 2,917
Cost (€) per PHN case avoided 16,006 15,901

Population aged � 50 years
Cost (€) per QALY 39,782 32,848

ICER Cost (€) per HZ case avoided 2,262 1,834
Cost (€) per PHN case avoided 15,649 12,894

HZ D herpes zoster; ICER D incremental cost-effectiveness ratio; PHN D post-herpetic neuralgia; QALY D quality adjusted life year; SHI D statutory health
insurance; Vac D Vaccination.

Figure 1. Sensitivity analysis overview: SHI perspective for 60C population DSA D deterministic sensitivity analy-
ses; HZ D herpes zoster; ICER D incremental cost-effectiveness ratio; PHN D post-herpetic neuralgia; SHI D statu-
tory health insurance.
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A variation of 10% of the vaccine price led to a variation of
11% (SHI perspective) to 14% (societal perspective) of the
ICER, in the same direction.

HZ-related mortality, choosing a neutral sex ratio, increasing
the vaccine administration cost and varying health care resource
use (20% variation), had only a limited effect on the cost-effec-
tiveness results for both populations.

A change from 20% to 10% coverage rate did not have
any impact on the results due to model structure (static
cohort model) and flat coverage rates assumed among age-
groups.

PSA were performed using Monte Carlo simulations on the
distributions of the parameters that were found to have an impact

on the results in the DSA.
Figure 5 displays the 2 cost-
effectiveness acceptability
curves (CEACs) showing that
the probability of the vaccine
being cost-effective reached
0.80 for thresholds of about
€34,500 and €41,500, respec-
tively for the societal and SHI
perspective, and reached 1 for
a threshold of €45,000 for
both perspectives. Overall, the
PSA confirms the robustness
of the cost-effectiveness
results.

External validity
For external validation, we

compared our model with
another German model
(Ultsch et al.22). When insert-
ing identical parameters, the

model leads to comparable ICER (SHI perspective: 39,306
€/QALY gained for 60C and 39,782 €/QALY gained for 50C
population in our model vs. Thirty,212 €/QALY gained in
Ultsch et al.22 model; societal perspective: 37,417 €/QALY
gained for 60C and 32,848 €/QALY gained for 50C population
vs. Twenty-eight,146 €/QALY gained22) and therefore shows
good external validity.

Discussion

The results of the present study show that HZ vaccination is
able to provide significant public health benefits in Germany,

both in terms of HZ and
PHN cases avoided as well as
QALYs gained. Indeed, it was
found according to the societal
perspective that vaccinating
the population � 60 y would
prevent 186,732 HZ cases,
35,793 PHN cases and result
in 14,558 QALYs gained. In
comparison, a vaccination
program targeting people �
50 y would lead to prevent
394,575 HZ cases, 56,087
PHN cases and gain 22,016
QALYs. It has to be noted
that, in the context of an aging
German population and with
the coming crisis of work
resources, prevention of HZ
and its complications is of
even greater importance to

Figure 2. Sensitivity analysis overview: SHI perspective for 50C population DSA D deterministic sensitivity analy-
ses; HZ D herpes zoster; ICER D incremental cost-effectiveness ratio; PHN D post-herpetic neuralgia; SHI D statu-
tory health insurance.

Figure 3. Sensitivity analysis overview: societal perspective for 60C population DSA D deterministic sensitivity
analyses; HZ D herpes zoster; ICER D incremental cost-effectiveness ratio; PHN D post-herpetic neuralgia.
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sustain seniors employment in
Germany. In terms of cost-
effectiveness, it appeared that
the cost-effectiveness ratio was
more favorable to the popula-
tion older than 50 y compared
to the 60 y with respective
ICER of 32,848 €/QALY
gained and 37,417 €/QALY
gained when considering a
societal perspective. That can
be explained by the impor-
tance of the indirect costs in
the age group 50–60 years,
which is mainly an active pop-
ulation. Alternatively, when
considering the SHI perspec-
tive, the ICER of the cohort
� 60 y is equivalent to the
ICER of the cohort � 50 y
(39,306 €/QALY gained vs. 39,782 €/QALY gained
respectively).

Consideration of vaccine efficacy waning since the time of
vaccination along with the age at vaccination are crucial in esti-
mating the cost-effectiveness of HZ vaccination.23 So far, previ-
ous publications of this model were using efficacy waning
assumptions that were not age specific (limited duration of full
vaccine efficacy followed by no efficacy or a waning rate on vac-
cine efficacy) in the absence of follow-up data.24–26 A specific
interest of the present analysis is that a statistical model developed
by using data from SPS and STPS27 has been used in our model
to take into consideration real life waning in efficacy. Thus, for
the first time, the waning in vaccine efficacy depends on the age
at vaccination and time since vaccination.

It is worth noting that the results are in line with another cost-
effectiveness analysis of HZ vaccination for the German health-
care setting that has been published by Ultsch et al.22 In the lat-
ter, a scenario with administration of an HZ vaccine for
individuals aged 60 y old was compared with no vaccination pol-
icy.22 The Markov model used by Ultsch et al.22 differed from
ours regarding cycle length (1 month vs.. 3 months), cohort size
(German population vs. 1 million), consideration of waning rate

(waning rate dependent on time since and age at vaccination ver-
sus constant waning of 8.3% starting 10 y post vaccine) as well as
pain split for health states HZ and PHN (yes vs. no). Addition-
ally there were some differences in sources and values of input
parameters, notably for HZ and PHN incidence (Hillebrand
et al.28 vs. Ultsch et al.21) and utilities (Oster et al.13 vs. Drolet
et al.29). Despite these discrepancies, analysis of Ultsch et al.22

lead to ICER comparable to those of the present article. Further-
more, the results conform to the conclusions drawn from 3 recent
literature reviews30-32 that reflect existing health economic evalu-
ations of HZ vaccination among adults over 50 that have been
published in Europe and North America.8,25,33-35

Strengths of the present study are (i) the robustness of the
model that was supported with both internal validation and inde-
pendent expert review and confirmed by the external validation,
(ii) the use of a waning function dependent to the age at vaccina-
tion and time since vaccination that decrease the uncertainty
related to the duration of protection of the vaccine and (iii) the
use of numerous local data sources that insure an accurate estima-
tion of the cost–effectiveness of zoster vaccination and the impact
of this vaccination policy in the German setting.

The present study has some limitations that have to be
discussed. First, the cost-effectiveness analysis incorporated
some international data when local data were missing. Due
to transferring international data to the German health care
setting, uncertainty surrounding those parameters arises.
However, data were retrieved from countries with similar set-
tings to Germany, and only in case no local data source
could be identified. Second, cost data were based on the
ASHIP data from the AOK Hesse (Ultsch et al.21), which
reflects a limited regional sample and therefore may not be
representative for total Germany. Additionally, no cost data
regarding different pain splits could be identified. Neverthe-
less, it is expected that these uncertainties surrounding the
cost inputs were of minor impact on the results as demon-
strated by the deterministic sensitivity analysis.

Figure 4. Sensitivity analysis overview: societal perspective for 50C population DSA D deterministic sensitivity
analyses; HZ D herpes zoster; ICER D incremental cost-effectiveness ratio; PHN D post-herpetic neuralgia.

Figure 5. Cost-effectiveness acceptability curves ICER D incremental
cost-effectiveness ratio; SHI D statutory health insurance.
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Overall, our model which incorporated for the first time the
real-life time efficacy waning with age, produced robust results
aligned with existing literature22,30,31 on HZ vaccination cost-
effectiveness and is highly transferable to the German setting.
This study bring useful evidence to document what could be the
potential expected efficiency of new vaccination program, bene-
fits difficult to estimate prior vaccination implementation.
Indeed, health economic evidence provided by this study support
the value of an HZ vaccination program for German population
aged 50 and older, value even greater in a context where senior
population represent a significant and increasing proportion of
the overall population like in Germany. When combined with
local data regarding disease burden, demographic evolution,
healthcare system constraints and social aspects it should help
designing the optimal way to define and implement local vaccina-
tion program in Germany.

Conclusion

Our analysis showed that a HZ vaccination program for
adults aged � 50 y and � 60 y in Germany is able to bring sub-
stantial public health benefits and support a good cost-effective
profile of HZ vaccination.

The results of our cost-effectiveness analysis were robust and
comparable to results from another health economic evaluation
in Germany.22 Furthermore, the results were in line with the
conclusions drawn from 2 recent literature reviews30–32

Methods

Model Structure
An existing Markov Model was adapted to the German

healthcare setting.26 The model utilised a Markov process to sim-
ulate the lifetime incidence and consequences of HZ among the
current aged 50C and 60C German population. The population
was analyzed as separate 5 y age cohorts (i.e. the 50–54 y old pop-
ulation was first analyzed over its lifetime, then the 55–59 y old
population, and so on).

Patients stayed within a defined health state during one
cycle (one month). Health states considered were healthy,
HZ, PHN, healthy post-HZ and death as well as recurrent
HZ and subsequent PHN. In the model, a recurrent HZ and
subsequent PHN was considered to occur once in the

remaining life time. HZ and PHN health states were further
divided into health states by pain severity (no pain (only for
HZ), mild, moderate, severe pain). The basic decision tree
and the structure of the Markov model are represented in
Figure 6 and Figure 7.

The model ran through a lifetime time-horizon, meaning that
monthly cycles ran until the entire cohort has died. Within each
1-month cycle, members of the cohort could remain in their cur-
rent health state or make a transition into one of the allowable
states. Transitions were governed by a matrix of probability val-
ues. With each successive monthly cycle, an increasing propor-
tion of the cohort moved through the HZ and PHN states and
eventually to death.

Model outcomes included cost per HZ case avoided, cost per
PHN case avoided and cost per quality-adjusted life year
(QALY) gained. Furthermore, we calculated number needed to
vaccinate (NNV) to avoid one case of HZ/PHN.

Perspectives
Two perspectives were considered in the model: the statutory

health insurance (SHI) perspective and the societal perspective.
Under the SHI perspective, only direct medical costs paid

by SHI were covered, while the societal perspective also
included co-payments arising from outpatient and inpatient
care in addition to indirect costs corresponding to productiv-
ity losses.

While the societal perspective covered the entire 60C popula-
tion in Germany (nD21,778,791), the SHI perspective included
only the part of 60C population covered by the SHI in Germany
(nD19,364,217) (a small part of the German population is cov-
ered by private insurances, and are therefore not included in the
SHI perspective).36

Similarly for the 50C population, the societal perspective cov-
ered all 50C in Germany (nD33,751,798), whereas the SHI

Figure 6. Basic decision tree Markov Model.

Figure 7. Markov model structure HZ D herpes zoster; PHN D post-her-
petic neuralgia.
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perspective included only the part of 50C population covered by
the SHI in Germany (nD29,382,613).36

Epidemiological data
Age-specific incidence rates of 1st episode of HZ were

retrieved from a recent German study that analyzed data from
2005 to 2009 from the German Pharmacoepidemiological
Research Database (GePaRD).28 The authors conducted a retro-
spective cohort study analyzing data from about 7 million SHI
insured individuals in Germany. Observed HZ incidence rates
from the GePaRD ranged between 10.4 to 12.5 per 1,000 per-
son-years.28 Incidence rates from the GePaRD were reported sep-
arately for each year, therefore, for insertion in the model, a
cumulative incidence was calculated for the period from 2005 to
2009. As shown in Table 3, the resulting annual HZ incidence
rates varied between 0.66% for the age group 50–54 y and
1.43% for individuals aged � 100 y.

Alternative data on HZ incidence rates from the Association
of Statutory Health Insurance Physicians (ASHIP)37 were used
for sensitivity analyses.37 The alternative annual HZ incidence
rates varied between 0.66% for age group 50–54 y and 1.28%
for individuals aged � 100 y.37

Recurrent rate of HZ episodes was set to zero in the model, as
HZ cases which appeared recurrently more than one year later
were considered as another incident case in the GePaRD inci-
dence data.28 Alternative values based on a matched cohort study
in the USA38 were used for sensitivity analyses, resulting in
0.10% rate of HZ recurrence for age group 50–54 y and 0.27%
for individuals aged � 100 y.38

The proportion of HZ patients that developed PHN was
based on GePaRD data as well.28 As for the HZ incidence rates,
an average PHN cumulative incidence per 1,000 person-years
was calculated for the years 2005 to 2009. The model using a 1-
month cycle length is based on the 1-month definition of PHN
to formulate its calculations. The 1-month PHN proportion was
calibrated to ensure that, 3 months following rash onset in the
model, the proportions of PHN cases matched those found in
the 3-month PHN definition. This resulted in PHN incidence
proportions of 12% for age group 50–54 y and 15.36% for indi-
viduals aged � 100 y.

To investigate the robustness of the results with respect to the
PHN incidence rates, alternative values based on PHN propor-
tions and pain split data reported in Ultsch et al.21 and either
Drolet et al.22 or Oxman et al.5 were included as sensitivity anal-
yses. Details regarding parameters used in the sensitivity analysis
are provided in Table 3.

Gender split values were incorporated in the model where
gender specific values were relevant. Data regarding gender split
of HZ were identified in Ultsch et al.37 based on the Association
of Statutory Health Insurance Physicians (ASHIP) database of
2007/2008.37 The authors reported a female proportion of 65%
of HZ cases in the ASHIP sample, covering the AOK Hessen.37

Gender split for PHN of 81% females was identified in Weinke
et al.39 who collected data through telephone interviews with
11,009 respondents.

The split between the different HZ and PHN pain states were
obtained from the SPS pivotal trial study.5 The latter provided infor-
mation on pain severity levels using a questionnaire specifically
developed to assess HZ and PHN associated pain (the Zoster Brief
Pain Inventory, ZBPI).5 Reported pain splits by age group are shown
inTable 3. Further data for HZ and PHN pain split from published
literature were considered in sensitivity analyses.29,40

HZ and PHN duration information provided in the SPS
study5 was used in base case analysis. The SPS study confirmed
that most patients experience a 30-day duration of HZ, as
reported in the literature, and a 9 month average duration of
PHN episode, respectively.5

Demographic data and mortality
Demographic data were gathered from data of the German

Federal Statistical Office.41 Corresponding general population
mortality (background mortality) was based on mortality tables
from the German Federal Statistical Office.42

Mortality due to HZ was taken from Ultsch et al.37 based on the
ASHIP database. Mortality rate based on the ASHIP database ranged
between 0.02 per 100,000 person-years for age group 50–54 and 3.86
per 100,000 person-years for individuals aged� 90 y Nomortality was
deemed to be associated with PHN. This was confirmed by the lack of
literature on the subject, as well as expert opinion. Therefore, mortality
due to PHNwas set to zero for the base case and sensitivity analyses.

Vaccine characteristics
Vaccine efficacy data came from 2 pivotal clinical trials, the

ZEST and SPS study.5,15 Using vaccine efficacy data from the 2
pivotal clinical trials–the ZEST and the SPS studies5,15–both direct
and indirect effects of the vaccine were included in the model. The
direct effect of the vaccine relates to the to the decrease in both the
incidence of HZ and the proportion of PHN per HZ case. The
indirect effect relates to the number of PHN cases avoided through
the decrease in the number of HZ cases. The values inserted in the
model for direct and indirect vaccine effects on HZ and PHN are
shown in Table 3. Furthermore, the duration of PHN is reduced
through vaccination, and this ultimately affects the pain severity
experienced by the patients, as they spend a shorter period of time
in each painful PHN health state.5

Vaccine efficacy on PHN duration was accounted for in the
model by adjusting the age-specific transition probabilities for
the vaccinated individuals. On one hand, vaccine efficacy on HZ
was implemented as a relative risk reduction and applied to the
probability of contracting HZ when healthy. On the other hand,
efficacy on PHN was reflected in the lower risk of developing
PHN when having HZ and in higher probabilities of recovery
when having PHN.

Clinical data on Zostavax� efficacy and persistence over time
have shown that vaccine efficacy is age-specific and is maintained
up to 10 y43 However, vaccine efficacy wanes over time, and this
waning of vaccine efficacy over time is correlated to patients’ age
at vaccination. The current model takes into account these 2
aspects in order to reflect real-life evolution of vaccine efficacy
over time, using a combination of 2 Poisson regression models.27
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These durability models were developed to reflect efficacy waning
over time using data from ZEST, SPS and STPS. The average
result of models A and B (equations below) was used to derive
the waning rates by age groups (age at time of vaccination)
entered in the cost-effectiveness model.

The equation of regression model A is the following:

VEA D 1 ¡ exp.¡ 1:5945C 0:0349£ age ¡ 49ð Þ
C 0:0344£ age ¡ age at vaccinationð Þ Eq:1

The equations of regression model B are the following:
If age < 60 years old:

VEB D 1 ¡ exp ¡ 1:3713C 0:2504£ ageð Þ Eq:2

If age > 60 years old:

VEB D 1 ¡ exp.¡ 1:3713C 0:0405£ age ¡ 60ð Þ
C 0:2504£ age/

Eq:3

Due to the lack of statistically significant data for PHN, the
regression could only be done for efficacy on HZ incidence. As a
consequence, the vaccine protection on the occurrence of PHN
and its duration was conservatively assumed to last 10 y in the
cost-effectiveness model.

This illustration of vaccine efficacy was tested in sensitivity
analyses using alternative conservative scenarios considering a
fixed annual waning rate with variable vaccine duration as well as
scenarios with variable waning rate and variable vaccine duration,
as done in a previous adaptation of this model.18,24,25,31 Differ-
ence in the profiles of vaccine efficacy waning over time is pre-
sented in Figure 8.

HZ coverage rates are not available in Germany and could
hardly be compared to coverage observed in other countries such as
UK or the US as vaccination policies differ. Possible local bench-
mark to consider could be influenza or pneumococcal vaccination
rates, but again these vary (between 10–30% for pneumo22 to 40–
60% for influenza.44,45 To stay conservative and consistent with
previous publication from Ultsch et al.,22 a vaccine coverage rate of
20% was therefore assumed for all age-groups.

Utility values
Considering the model structure, utility values were collected

for all levels of HZ and PHN pain. In the absence of local disease
specific data, international studies were screened to identify the
more reliable sources for disease-specific utilities.33,46,47 There-
fore, data from a US-study analyzing the relationship of pain and
quality of life in 385 individuals aged � 65 y with pain caused by
PHN13 were used. Data in this survey was collected by a 15-items
questionnaire, which covered pain intensity, pain interference
and health-related quality of life. Quality of life was measured via
the EuroQoL (EQ-5D) survey, which consists of 5 items related
to mobility, self-care, usual activities, pain/discomfort and anxi-
ety/depression.13 Utility values according to the level of pain
were retrieved from an observational survey, including 84

European patients with PHN.20 Data in this study were collected
with a questionnaire, which included among others, pain sever-
ity, measured by the modified short form brief pain inventory
(mBPI-SF). Quality of life was assessed via the EuroQoL (EQ-
5D) survey as well.20

The disease specific utilities were used to calculate the propor-
tion of the baseline utility (in this case, HZ with no pain) that
needs to be subtracted to obtain the utility value for a given
health state. These decrements were then applied to the age-spe-
cific utility for the cohort.

The upper input parameters for burden of disease data, mor-
tality, vaccination efficacy and utility values are summarized in
Table 3. In the following, the cost parameters inserted in the
Markov Model are described.

Costs
To consider inflation, the health care consumer price index

was identified from the German Federal Statistical Office.48 Cost
parameters are shown in Table 4.

Vaccination costs included costs of vaccination, administra-
tion costs and vaccination co-payment. For the base case analysis,
it was assumed that a recommendation for a HZ vaccination
would be given by the German Standing Committee on Immu-
nisation (STIKO) in which case the SHI is likely to reimburse
total costs for the vaccination within the recommended popula-
tion. In case of no recommendation, each federal state of Ger-
many can make their own state-specific recommendation
resulting in a co-payment for patients.

Vaccine unit price for Zostavax� was set to €147 to reflect offi-
cial retail price listed in the German “Lauer Taxe” and the 2013
mandatory rebate. Vaccine administration cost was set to €6,
according to the vaccination agreement among the Saxony Associa-
tion of Statutory Health Insurance Physicians and several SHI com-
panies.49 Thus, total cost per HZ vaccination amounted to €153.

Treatment costs were differentiated to outpatient visit costs
and inpatient costs for hospitalization. Outpatient visit costs
were identified in Ultsch et al.21 It was assumed that all HZ
costs appear in the first month with the HZ event, due to the
mean duration of HZ of one month. For PHN the annual costs
were divided by the average duration of 9 months, therefore the
annual costs of €160.23 resulted in a monthly cost of €17.80. An
outpatient physician visit rate of 99.9% for HZ and 100% for
PHN patients was applied in the Markov Model.21

Ultsch et al.21 assessed hospitalization costs, using database
insurance records reporting inpatient diagnosis and length of stay
in hospital. Themean annual hospitalization costs per user were cal-
culated by means of German Diagnosis Related Groups (G-DRG),
amounting to €3,080.85 and €3,890.62 respectively for HZ and
PHN patients.21 Hospitalization rate was reported to be 3.2% for
HZ patients and 14.6% for PHN patients aged� 50 y21.

The mean annual medication costs per user for HZ patients
aged � 50 years, were estimated to be €55.72 and for those with
PHN €219.79.21 The costs included consideration of prescribed
medication in relation to a German dermatological guideline.50

Medication groups considered were virostatics, specific immuno-
globulin, topical analgesics, non-opioids, opioids, antidepressants
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and anticonvulsants.21 Drug prices were
calculated on basis of their national cen-
tral pharmaceutical number and the uni-
form pharmacy retail price or the drug-
related reference price.21

For the societal perspective, patients co-
payments were considered to be €11.63
for HZ patients aged � 50 y and €38.04
for PHN patients.21 These co-payments
correspond to co-finance services or treat-
ments out of pocket. The utilization rates
amounted to 96% for HZ patients and
93% for PHN patients.21

According to the German guideline on
HZ and HZ pain, the common diagnostic method was carried out
with an inspection of whether vesicles are visible.51 In early stages,
diagnosis of HZ can be difficult, and therefore a detection using a
diagnostic test is recommended,51 which is performed in 22% of
patients according to a Spanish study.52 Unit costs for diagnostic
tests were found in the German uniform assessment standard (Ein-
heitlicher Bewertungsmaßstab, EBM) with EBM-number

32664, which covers detection of antibodies for further diseases
and amounts to €19.20.53

Employment
Employment rates were taken from the German Federal Sta-

tistical Office.54 It was assumed that employment rates do not
differ between the HZ and PHN populations. According to

Table 4. Cost input parameters

Base case analysis DSA

Parameter HZ PHN HZ PHN

Outpatient visit costs Ultsch et al.21 Own calculations,
based on Ultsch et al.21

Outpatient visit rate (%) 99,9 100
Outpatient visit costs (€) 77.79 160.23 C/¡ 20% C/¡ 20%
Inpatient care Ultsch et al.21 Ultsch et al.21

Inpatient care rate (%) 3.2 14.6
Inpatient care costs (€) 3,080.85 3,890.62 C/¡ 20% C/¡ 20%
Medication Ultsch et al.21 Ultsch et al.21

Medication consumption rate (%) 89.2 100
Medication costs (€) 55.72 219.79 C/¡ 20% C/¡ 20%
Diagnostic testing Cebrian-

Cuenca et al.52 and NASHIP.53
Cebrian-Cuenca et al.52

and NASHIP.53

Diagnostic testing consumption rate (%) 22 56
Diagnostic testing costs (€) 19.2 19.2 C/¡ 20% C/¡ 20%
Co-payment (only societal perspective) Ultsch et al.21 Ultsch et al.21

Co-payment rate (%) 96 93
Co-payment costs (€) 11.63 38.04 C/¡ 20% C/¡ 20%
Productivity costs

(only societal perspective)
Ultsch et al.21;

Drolet et al.58; German
Federal Statistical Office.54

Ultsch et al.21;
Drolet et al.58;
German Federal
Statistical Office.54

Productivity costs age group 50–54 (€) 810.69 386.39
Productivity costs age group 55–59 (€) 724.47 345.30
Productivity costs age group 60–64 (€) 411.25 199.47
Productivity costs age group 65–69 (€) 40.69 19.73
Vaccination costs (€) 147 — 132; 162 —
Vaccine administration costs (€) 6 — 10; 15 —
Vaccine co-payment costs (€) 0 10; 25
Discount rate (%) 3 3 0; 5; 7 0; 5; 7

DSAD deterministic sensitivity analyses; HZD herpes zoster; NASHIPD National Association of Statutory Health Insurance Physicians and the regional Asso-
ciations of Statutory Health Insurance Physicians PHN D post-herpetic neuralgia.

Figure 8. Evolution of vaccine efficacy over time DSA D Deterministic sensitivity analysis; yo D years
old.
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Ultsch et al.,21 average sick leave times were 15.10 d and 62.50 d
for HZ and PHN, respectively. For wages, the average hourly
wage rate in Germany, provided from the German Federal Statis-
tical Office, was inserted in the Markov Model.54 Additionally,
the 70% reimbursement of wages from the insurance provider,
which become first applicable after 6 months of absence, was
considered.

Productivity costs were calculated by multiplying the reported
productivity losses incurred by an employed individual with HZ
or PHN by the specific employment rates associated with each
age group in the study population, adjusted using the effective
employment rate of the general German population.

Discounting
Costs and effects were discounted by a rate of 3% in the base

case analysis consistently with suggestions of the German Insti-
tute for Quality and Efficiency in Health Care (IQWiG).55

Analyses
Base case analyses were run for the German population aged

� 50 and aged � 60 y.
The scenario of an implemented HZ-vaccination policy was

compared to the current situation of no HZ-vaccination. Analy-
ses were performed considering a lifetime time-horizon, and
according to both the societal and SHI perspective described
previously.

Furthermore, several sensitivity analyses including one-way
deterministic sensitivity analyses (DSA) and a probabilistic sensi-
tivity analysis (PSA) were conducted. DSA were performed to
assess the uncertainty around the parameters used in the model.
DSA were run on epidemiological inputs, discount rates, man-
agement care of HZ (no hospitalization), vaccine price, vaccine
coverage, vaccine duration with fixed waning 8.3% and vaccine
duration with variable waning, vaccine administration cost, vac-
cine co-payment, utilities, utility calculation method (QALYs
substractive) and resource use costs (Table 3 and Table 4).

PSA were performed using Monte Carlo simulations on the
distributions of the parameters that were found to have an impact

on the results in the deterministic sensitivity analyses. The fol-
lowing parameters were included: HZ/PHN vaccine efficacy,
HZ/PHN outpatient care costs, HZ/PHN utility, HZ/PHN
incidence. A total of 1,000 simulations have been performed,
drawing a random value at each iteration from each distribution.

Validation
Both internal and external validations were realized to verify

that the developed model produces reliable results.
Internal validation of the model consisted of comparing the

results of a simulation of a cohort replicating SPS trial character-
istics with the clinical data observed in the SPS study (Oxman
et al.5). The model showed good internal validity with results
exactly matching the trial results. Thus, it is reasonable to believe
that the model generates a valid estimation of the clinical benefits
of the vaccine.

The model structure was validated by an expert health econo-
mist and an European expert panel meeting.

For external validation, the model was compared with another
German cost-effectiveness model of HZ vaccination (Ultsch
et al.22).
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