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Herpes zoster (HZ) is a common disease among elderly,
which may develop into a severe pain syndrome labeled
postherpetic neuralgia (PHN). A live-attenuated varicella zos-
ter virus vaccine has been shown to be effective in reducing
the incidence and burden of illness of HZ and PHN, provid-
ing the opportunity to prevent significant health-related and
financial consequences of HZ. In this review, we summarize
the available literature on cost-effectiveness of HZ vaccination
and discuss critical parameters for cost-effectiveness results. A
search in PubMed and EMBASE was performed to identify full
cost-effectiveness studies published before April 2013. Four-
teen cost-effectiveness studies were included, all performed
in western countries. All studies evaluated cost-effectiveness
among elderly above 50 years and used costs per quality-
adjusted life year (QALY) gained as primary outcome. The vast
majority of studies showed vaccination of 60- to 75-year-old
individuals to be cost-effective, when duration of vaccine effi-
cacy was longer than 10 years. Duration of vaccine efficacy,
vaccine price, HZ incidence, HZ incidence and discount rates
were influential to the incremental cost-effectiveness ratio
(ICER). HZ vaccination may be a worthwhile intervention from
a cost-effectiveness point of view. More extensive reporting on
methodology and more detailed results of sensitivity analyses
would be desirable to address uncertainty and to guarantee
optimal comparability between studies, for example regard-
ing model structure, discounting, vaccine characteristics and
loss of quality of life due to HZ and PHN.

Introduction

Varicella zoster virus (VZV) causes chickenpox (varicella)
and shingles (herpes zoster [HZ]). Varicella commonly occurs
during childhood and is regarded as a mild self-limiting dis-
ease.! After remission, however, the virus remains latent, resid-
ing in the sensory nerve ganglia of the dorsal root, and can be
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reactivated decades later in life.? This reactivation episode is
labeled HZ and is characterized by a painful dermatomal skin
rash.! The lifetime risk to encounter HZ has been estimated
at 20-30%? and the probability to develop HZ as well as the
severity of pain increase with age.*> Besides age, other risk-
factors to HZ are a compromised or suppressed immune sys-
tem and the female gender.” Although the rash heals within
a month,® complications might occur. The most serious com-
plication is postherpetic neuralgia (PHN), defined as a neuro-
pathic pain persisting longer than three months.” It has been
estimated that approximately 8-33% of HZ patients develop
PHN, and the risk increases with age.*!*'> Pain due to PHN
may remain for months or even years''* and available therapeu-
tic options are only partially effective.” PHN has been shown
to have a substantial impact on the patient’s quality of life and
functional status. Often reported sequelac of PHN comprise
sleeping problems, chronic fatigue, anorexia, weight loss and
depression, resulting in substantial interference with social life
and self-care. 141617

In 2006, a VZV vaccine with the tradename Zostavax®
(Sanofi-Pasteur/MSD) was approved by the US Food and Drug
Administration (FDA) as well as by the European Medicines
Agency (EMA)."®" Zostavax® contains a live attenuated strain
of VZV and is thought to induce primarily T-cell-mediated
immunity against VZV. A large double-blind placebo-con-
trolled clinical trial including 38,546 immunocompetent adults
> 60 y of age (Shingles Prevention Study [SPS]) has demon-
strated that the vaccine reduces the incidence of HZ by 51%),
the pain burden by 61%, and the incidence of PHN by 67%.2%%
However, the vaccine-induced protection seems to decline with
age, with an efficacy against HZ of 64% among individuals of
60 to 69 y of age and 38% in individuals aged 70 y or older.?**
A more recent trial additionally showed that efficacy against
HZ was 70% among of 50 to 59 y of age.”” Regarding safety
of the vaccine, multiple studies have shown that Zostavax® is
well-tolerated and that side reactions are generally mild.?%2%-23-26
However, as the mean follow-up time of the SPS was limited to
3.1y,2>%! the duration of the vaccine protection is still unknown.
A short-term persistence substudy (STPS) of the SPS recently
showed that vaccine efficacy persists for at least 7 y, but also
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demonstrated that protection is waning in time.?” Notably, the
vaccine is contraindicated for immunocompromised patients,
as it comprises a live attenuated virus.”

Given all this evidence, vaccination against HZ might be an
interesting option for introduction into national immunization
programs. Besides reducing the disease burden itself, prevention
of HZ and PHN may yield a significant benefit in limiting the
economic burden to the healthcare. For instance, in the US,
healthcare costs per acute episode of HZ were estimated at $431
and in the UK, healthcare costs of HZ and PHN were <103 and
<397 per episode, respectively.?®?

After the results of the SPS were published, multiple cost-
effectiveness analyses for different countries have been per-
formed. The aim of this review is to summarize and synthesize
the literature on cost-effectiveness of routine vaccination against
HZ and to identify those input parameters that are crucial in
determining cost-effectiveness outcomes.

Methods

Search strategy

A bibliographic search was performed in MEDLINE and
EMBASE for relevant papers assessing the cost-effectiveness of
HZ vaccination (April 10, 2013). The search was restricted to
the English language and the search algorithm was as follows:
(‘herpes zoster’ OR ‘shingles’ OR ‘postherpetic neuralgia’) AND
(‘vaccination” OR ‘vaccine’ OR ‘Zostavax’ OR ‘immunization’)
AND (‘cost-effectiveness’ OR ‘cost-utility’ OR ‘cost-benefit’ OR
‘economic evaluation’ OR ‘pharmacoeconomics’). The search
was limited to articles with an abstract. Only cost-effectiveness
studies of HZ vaccination were assessed and original full papers
were considered; reviews, editorials and letters were excluded. We
screened titles, abstracts and finally the full content of the articles
identified and selected. Studies on varicella vaccination only were
excluded. Studies combining varicella and HZ vaccination were
excluded in the main analysis, but briefly discussed in a separated
section. A manual examination of reference sections of included
papers was performed in order to identify further material of
interest (snowballing).

Synthesis of results

We focused in particular on those variables exhibiting a large
impact on the cost-effectiveness and we assessed these parameters
critically. Obviously, our analysis plan comprised a review of the
main characteristics of the studies, including type of analysis,
perspective, targeted population, time horizon, discount rates
and a short description of main results. Furthermore, results were
stratified by vaccination age, as incidence of HZ, risk to PHN
and vaccine efficacies are highly dependent on age. Finally, we
analyzed per study which parameters influenced cost-effective-
ness results significantly. To improve the comparability of the
selected studies, costs were standardized to 2006 euros accord-
ing to country-specific harmonized consumer price indices. If
the costing year was not provided in the study, we assumed a
costing year of ‘publication year — 3 y’. Studies were evaluated
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with regards to various aspects, including model type, perspec-
tive taken and quality according to previously defined criteria.

Results

Study selection

A total of 369 studies were found in MEDLINE and
EMBASE. After evaluation of titles, abstracts or full contents, 18
studies were identified that assessed the cost-effectiveness of HZ
vaccination. Two studies were excluded, because full texts were
not available.’>? However, their main results will be briefly men-
tioned when cost-effectiveness results are discussed. Two studies
were excluded from the main analysis, but described in a sepa-
rated section, because they assessed the cost-effectiveness of HZ
vaccination combined with varicella vaccination.?*% Finally 14
cost-effectiveness studies of HZ vaccination remained and were
systematically reviewed.***

Main study characteristics

Table 1 summarizes the main characteristics of the included
studies ordered by publication date. Several studies did not men-
tion all the main features reported in Table 1, such as time hori-
zon, costing year, sensitivity analysis and funding. In these cases,
we estimated most plausible values and options and explicitly
marked this in the table.

Country and funding

Of the 14 studies included, 9 were conducted in European
countries (UK, Belgium, The Netherlands, Switzerland
and France)***¥ and 5 in non-European countries (US and
Canada).*% Six studies were funded by the pharmaceutical

36,38,41,42,44,46 34,37,39,40,43,45

industry, five studies by public resources

and two studies were performed without external funding.®*

Type of analysis

All 14 studies used the incremental cost-effectiveness ratio
(ICER) as primary outcome, in which costs are expressed as
monetary units and effects as quality-adjusted life years (QALY)
gained. Several studies also performed a cost-effectiveness analy-
sis, presenting results as costs per averted HZ case, 41424446 per
averted PHN case, 41424446 or per life year gained.**

Model design and alternatives

A total of 13 studies used a “traditional” decision analytic
model to calculate the cost-effectiveness of vaccination against
HZ.3% Decision models which were predominantly used
concern Cohort models and Markov models. One study used
discrete event simulation (DES) modeling.* DES models are
able to track the process of individual patients through par-
ticular states instead of cohorts. This provides the model with a
‘memory function’ because specific attributes can be assigned to
individuals and might in specific situations provide a superior
alternative over adding “tunnel states” into the Markov model to
artificially create memory. Within the context of the 14 studies
analyzed, a total of 9 different models were used?#3>37-404245:47
as some authors adapted already available models.?®41434446 Ag
no country already implemented HZ vaccination in its national
immunization program when the analysis was performed, all
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studies compared routine vaccination against HZ with no such
vaccination.

Perspective

The perspective that was most often used is that of the health-
care payer, which only includes medical costs.?3¢:3840-43.45-47" A
total of 8 studies used the societal perspective, taking into account
medical costs as well as costs due to productivity losses.*>=3741-4447
The third-party payer’s (TPP) perspective, only including reim-
bursed medical costs, was used by four studies.’*"#4 Notably,
one study can provide results from multiple perspectives.

Target group and time horizon

All studies targeted on population groups of 60 y of age or
higher, however, some studies also assessed vaccination ages
below this age.?***442 Vaccination age was explicitly varied in
sensitivity analyses by all studies. Most studies indicated that
VZV vaccination was restricted to the immunocompetent popu-

n,35-37:39-4446.47 95 the manufacturer of the VZV vaccine states

latio
that immunocompromised patients are contraindicated for the
vaccine.” Only one study considered a scenario in which also
immunocompromised patients would be vaccinated.” All stud-
ies used the life-time horizon,*¥
optimal.®®

Discounting

which can be regarded as

Discounting adjusts benefits and costs for the so-called ‘time
preference’, since it is generally advantageous to receive a benefit
earlier or to pay costs later (see Appendix A in Supplemental
material). The discount rates applied are highly dependent on
national guidelines of the country for which the analysis is per-
formed. A total of 9 studies applied an equal discount rate for
costs and health effects**424 and 5 studies discounted costs
at an higher rate than QALYs (differential discounting).*43-447

Sensitivity analysis

To deal with uncertainty, studies generally perform sensitiv-
ity analyses investigating the impact of varying parameters on
the study results (see Appendix A in Supplemental material for
detailed information on different types of sensitivity analyses).
All reviewed studies performed a one-way sensitivity analy-
sis. 3447
ity analysis
(PSA).35:37-4346

Quality assessment

A review of Szucs et al.* evaluated the quality of 11 of the
included studies using the British Medical Journal (BM])’s
checklist by Drummond and Jefferson® and the “Quality of
Health Economic Studies” evaluation tool by Ofman et al’
Szucs et al.* concluded that the quality of these studies varied
from ‘Moderate’ ¥ 3% 4337.38.43 15 ‘Moderate-Good 33394244 \Ye

assessed the three other included studies using the same criteria

In addition, two studies performed a multiway sensitiv-

7% and nine studies a probabilistic sensitivity analysis

as Szucs et al.* used. The study of Bilcke et al.* was judged as
‘Good’ and the study of Bresse et al.* and de Boer et al.”” were
evaluated as ‘Moderate-Good’.

Main input parameters

An overview of input parameters used for the four important
domains, i.e., epidemiological, QALY losses, vaccine characteris-
tics and costs are shown in Table 2.
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Epidemiological input

HZ incidence is obviously an important parameter in eco-
nomic evaluations of HZ vaccination given the direct relation
with HZ and PHN cases potentially to be prevented. Table 2
shows that the ranges of HZ incidence used in the various stud-
ies varied little between different countries. Studies performed in
the US seem to use on average somewhat higher incidence rates
as compared with the rates used in European studies, especially
in the age range of 60-70 y.*?"% Logically, the HZ incidence
increases with age in all studies. Multiple studies used HZ inci-
dence rates adjusted to a immunocompetent population to be in
line with the included population of the vaccine efficacy data.’>
36:39:4042.43%Concerning PHN incidence, most studies quantified
the number of PHN cases directly from the number of HZ cases
by using proportions.**# One study used a different method
by quantifying HZ on the basis of a severity of illness score, in
which the burdens of HZ and PHN are combined.” The pro-
portion of HZ cases developing PHN varied extensively between
the studies. For example, in a Dutch study the proportion PHN
cases out of HZ ranged between 4.7-11.7% among the different
age groups,”” whereas a British study used a range of 9-52%.% A
compromising factor in comparing the studies was the way PHN
was defined in the models. In most studies, PHN was defined
as pain persisting longer than 3 mo,*443447 byt other stud-
ies used PHN proportions after 1 mo**“44 or after 6 mo.”
Consequently, also the duration of PHN differed among the vari-
ous studies - 8.3 mo to 4.2 - years, as this is directly related to the
definition of PHN used.

QALY losses

The calculation of the QALYs gained depends on two param-
eters, i.e., the weight of the health-related quality of life attrib-
uted to a health state of disease (utility) and the time spent in
this health state (general information on utilities can be found
in Appendix A in Supplemental material). For a detailed look
into the health effects of HZ and PHN, we refer to a recently
published paper of Drolet et al.” Table 2 shows that most studies
split up HZ and PHN in mild, moderate and severe pain states,
according to the validated pain inventory measurement Zoster
Brief Pain Inventory (ZBPI),? which was also used in the SPS.
The assignment of HZ and PHN cases between the different pain
states differs among the selected studies. Some studies assigned
around 20% of HZ/PHN cases as moderate/severe,***° while in
other studies this proportion varied between 58—83% of PHN,
depending on the age of diagnosis.*"#44¢47 Consequently, also
the PHN duration varied between these studies, with studies
reporting lower proportions of moderate/severe cases applying
longer PHN durations (Table 2). Pain severity and pain duration
were influential for the cost-effectiveness results. For example,
the study of Moore et al.*?
ity/pain duration from a general practitioner’s database instead
of the SPS study increased the ICER from €19,003 per QALY
gained to €36,908 per QALY gained.

In the selected studies, some differences were present in assign-
ing utilities to HZ and PHN. Most studies assigned equal utilities
to pain caused by HZ or PHN, while two studies distinguished

showed that using data on pain sever-
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Public?
Industry
Public
Industry

between these two diseases.’>

duration of vaccine efficacy of 7.5 y and vaccine cost of
€83. Healthcare: €40,503 (age 60 y). Cost-effective for all
vaccination ages except 80y, if duration of vaccine efficacy
was 16.1y (€20,000 threshold).

CHF25,538 (€16,390) from TPP and CHF28,544 (€18,320)
from societal perspective for 70-79 y olds, assuming lifelong
(€20,251), below unofficial threshold of €30,000.
€30,000)
€9513 from TPP and €14,198 from societal perspective
(70-79y olds), assuming 10 y duration of vaccine protection

Societal: €21,716-38,519 depending on age, assuming
vaccine efficacy and vaccine cost of CHF266 (€171). A 12y

duration of vaccine efficacy resulted in an ICER of CHF31,553
€1251-5498 most in favor and €45,160-297,141 least in favor
of vaccination depending on age and assuming vaccine cost
of €112. Vaccination cost needs to decrease below €67 to be
cost-effective among all scenarios (unofficial threshold of

One-way,
PSA
One way
One-way,
Multi-way
One-way,

PSA

€(2008);
C:4%
E:1.5%

CHF (NA);
C:3.5%
E:1.5%
€ (NA);
C:3%
E: 1.5%

€(1998);
C: 4%

Lifetime?
Lifetime
Lifetime
Lifetime

75,80
=65,275)
60, 70, 80, 85
70-79, = 65

60, 65, 70,
70-79 (60-69,

Society and
Health Care
payer
TPP and
Society
Health Care
payer
TPP and
Health Care

DA model;

HZ vaccination vs.
no vaccination
DA model;

HZ vaccination vs.
no vaccination
DA model;

HZ vaccination vs.
no vaccination
DA model;

HZ vaccination vs.

CUA
CUA, CEA
CUA, CEA
CUA, CEA

Table 1. Main characteristics and results of the included studies (continued)
Van Lier et al.
(2010)%%; The
Netherlands
Szucs et al.
(2011);%
Switzerland
Bilcke et al.
(2012);®
Belgium
Bresse et al.
(2013);%

o One study com-
23 S bined QALY loss of HZ and PHN in a severity of
2 < illness measurement.” In the study of Van Hoek
& et al.,"* a model was used to determine weights of
ke . . .
£ 49395 é health related quality of life from several pain sever-
o £2 . Lo . .
E538 85 ) ity states of HZ in time, using 6 studies of EQ-5D.
St O .9y [eN . . . Lo
85248 2% 3 EQ-5D is an generic instrument quantifying qual-
?l 282z¢2 N ity of life taking into account five dimensions of
= o o c . epe . .
- %g.gﬂ;o §~8 = health status.®® Regarding utilities, the weight of
< ] 9} = . .
Sl88 gsgsg| ¢ mild pain ranged between 0.69-0.77 and of severe
W o O C ] . .
5|z q>;'8 5 g% il © pain between 0.25-0.55. Because the vaccine was
= =2 Ou (] w . .
8=t se 8¢ £l & regarded as safe and side effects were generally mild
V220V o . . . .
|l 2ooges| = and restricted to local reactions at the vaccination
£lcogevygsS| =
gl %g“cp 95| 2 side, only two studies included a QALY penalty for
K P = C — .
215 g >3 =58| 2 side effects.’>?’
clE>2NVD c . ..
“|wi7 8% § Sl ¢ Vaccine characteristics
v e © o . . X .
= £c8s @ Concerning vaccine efficacy, 13 studies used data
mUEoES ] .. . .
+E3REE 5 from the SPS,*? the only clinical trial supplying
o2 c8E ) K
2855S g [a) data on this aspect. One study was forced to assume
cC g9 ") . . .
@ &=5° u a vaccine efficacy rate, because it was performed
g before the SPS was conducted.** Yet, when vaccine
=
. = . efficacy against HZ incidence between selected
c . .
g 2 studies was compared, differences were observed
b 28 (Table 2). These differences can be assigned to
o T % . .
g S two main causes. First, the SPS has shown that HZ
S
) X . . .
N ,
< ¢ vaccine efficacy depends on the age of vaccination
= o, . . . .
% Se¥ G g being lower in the higher age groups. This trend was
o = @ . .
Y S5 =% applied or modeled differently among the analyzed
5 o studies, resulting in differences in vaccine efficacy.
> C . . .
o £% Second, the duration of vaccine-induced protec-
= O . . . . .
£ 5 tion is still unknown. Several studies have imposed
(7] wn U . . . . .
= SE a waning function in their base-case analysis and
< 2 among them two studies have combined this param-
QR 93 eter within the vaccine efficacy function itself.*
N 2 X
R &2 These different approaches hampers the compara-
N Y e . . .
3 0 2> bility of the studies. The used duration of protection
) S © . .
3 39 in the base-case analysis ranged from 7.5 y*** to
£3 a lifetime protection.>®3%414244 A]] industry-funded
[J] |9 . . . .
g 5 W s studies except one assumed lifelong vaccine-induced
5 R Qe L . . .
N 2> =9 protection in their base-case analyses, while publicly
o =" QO © . . .
3§ & < funded studies were more conservative by assuming
v A o« . . .
g § limited durations of protection. Notably, all stud-
) £ ies explicitly varied the duration of vaccine-induced
v kel ': . . . e .
s 25 = protection in the sensitivity analyses. The study of
S T O'BS = A~ . .
@ %"E T g E Bilcke et al.® also assessed the influence of the type
g £ g é g of function used to model vaccine efficacy on cost-
< = . . .
5 [l <z effectiveness results. This was based on previous
< N < . .
T A work of the same authors,*® in which was evaluated
= . . . . .
=i what function of time since vaccination and age at
« 2 = vaccination fitted the data of the SPS and STPS
© .
3 = best. Although the results showed that models with
- . . . . .
5 5 different functions (e.g., linear, logarithmic, expo-
— 0y gy nential etc.) fitted the data comparably, they differ
£ T . . . . .
© =< 5 Z substantially in how they estimate vaccine effi-
g L'\wr—f L{ <9 . . . .
& 8% o 239 cacy as a function of time and age of vaccination.
. 258 ST Notably, the study of Bilcke et al.* demonstrated
ol=z J s
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Table 2. Input data of main parameters of the included studies (continued)
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BOI, Burden-of-illness; Can$, Canadian dollar; CHF, Swiss franc; HZ, Herpes zoster; NA, Not available; PHN, Postherpetic neuralgia; QALY, Quality-adjusted life year; SOI, Severity of illness; 2 Depending
on age and sex(minimum and maximum values are given); ® PHN proportions after 1 mo; © PHN proportion after 6 mo; ¢ Calculated by the authors; ¢ PHN proportions after 3 mo; fIf duration PHN longer

than 12 mo; 9 Total QALY loss per HZ episode

that function type influences cost-effectiveness substantially in
age-cohorts > 75 y in the scenario most in favor of vaccination
(includes waning of vaccine efficacy in time).

Besides efficacy against HZ incidence, most studies included
additional efficacy of vaccination toward PHIN?36:38.3941:42.46.47.49
or toward the burden of disease (BOI)*>3740-4 in the base-case
scenario. Two studies imposed additional efficacy against PHN
in a scenario analysis.”**’ A general note regarding this additional
efficacy is that the SPS publications reported efficacy against
BOI and incidence of PHN for the entire population, and not
just for those who developed HZ.?>* Thus, these measures
incorporated the decreasing HZ incidence, which implies that
vaccine efficacy rates against PHN and BOI should be corrected
before it can be directly applied on the BOI or the risk on PHN
per HZ case itself. Papers demonstrated that after this correction,
additional vaccine efficacy against PHN or BOI might only be
present above the age of 70.7%

Costs

In general, a distinction can be made between medical costs
and societal costs. All studies included the three major direct
cost burdens, i.e., GP costs, hospitalization costs and drug costs.
Four studies used cost data specified for the immunocompetent
population, as this is the targeted population.’*44 Societal
costs due to productivity losses were included in 8 of the 14 stud-
ies. P 37414447 Cost parameters were not regarded as influential
parameters in many studies. Just one study reported that PHN
costs had a large impact on the ICER.* Since the targeted popu-
lation consisted of the elderly in all studies, indirect costs did
not influence the ICER to a considerable extent, as the labor
participation among the vaccinated population is generally low.
However, since the age of retirement will probably rise in most
countries due to healthy aging, this might change in the future.

As the vaccine price was still unknown at the moment of
analysis of the studies, authors had to assume the vaccine price.
Although the vaccine price for the private sector is nowadays
known in some countries, it is not clear which reduction can be
expected when the vaccine is bought in bulk quantities. Figure 1
shows the vaccination costs used among the selected studies
(expressed in 2006 euros). These vaccination costs include the
vaccine price as well as the costs of vaccine administration. When
only a range of vaccine prices was presented, vaccination costs as
used in the sensitivity analysis were taken. Not all studies differ-
entiated vaccination costs between vaccine price and administra-
tion costs. Among studies stating the separated vaccine price, the
price varied between €65 and €154. The total vaccination costs
ranged from €83 to €223. Highest vaccination costs were used by
Hornberger et al.,* ranging from $50 to $500 and using a value
of $200 in the one-way sensitivity analysis. Notably, industry-
funded studies used on average higher vaccine prices in the base-
case as compared with studies funded from other sources. Among
the six studies with the highest vaccine price, five studies were
funded by industry.3¢41424446 The vaccine pricelist of the US
Centers for Disease Control and prevention (CDC) of 2013 pres-
ents a price per dose of $166 and $114 for the private sector and
CDC itself, respectively.’® This would imply a 30% reduction for
buying the vaccine in bulk quantities. As authors were forced to
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Figure 1. Cost of vaccination per single dose as used in base-case scenario.

assume the vaccine price, this parameter was explicitly altered in
the sensitivity analysis by all studies.

Cost-effectiveness results

Effects of HZ vaccination on health outcomes and related
QALY gains, incremental costs and cost-effectiveness results are
shown in Table 3 and Figure 2. Generally, cost-effectiveness
studies assuming a life-long duration of vaccine-induced protec-
tion showed the lowest cost-effectiveness results, in the range of
€5000 — €25,000 per QALY gained.’®3%44244 Studies assum-
ing a shorter duration of protection (range 7.5 and 15 y) in their
base-case analysis, found higher cost-effectiveness results varying
between €25,000 — €40,000 per QALY gained. >4 Two stud-
ies reported ICERs in the range of €10,000-15,000, despite a
duration of protection that was limited to 10 y.**“® For Edmunds
et al.> this could be explained by the fact this study was per-
formed before the SPS results came out and therefore assuming a
relatively high vaccine efficacy of 70% for all age groups. In the
study of Bresse et al.“® a relatively high amount of medical costs
were prevented as compared with other studies. Two studies for
the US showed cost-effectiveness results exceeding €50,000 per
QALY gained.’>” This might be explained by that both studies
assigned lower QALY losses to HZ and PHN cases as compared
with other studies. Moreover, the study of Hornberger et al.®
assumed a relatively high vaccine price and a low risk to develop
PHN. One study was difficult to compare with other studies,
because only best-case and worst-case scenarios were presented in
the results, representing an extremely broad range of for instance
€2294 to €73,513 per QALY gained for vaccinating a cohort of
70 y olds.*

www.landesbioscience.com

Human Vaccines & Immunotherapeutics

All studies, except one, stated in their conclusion that HZ
vaccination may be cost-effective referring to the results of their
base-case analysis. Only the Dutch study of Van Lier et al.** con-
cluded that vaccination was marginally cost-effective from the
societal perspective as well as from the health care payer’s per-
spective.”> However, in this study a cost-effectiveness threshold of
€20,000 per QALY gained was applied, which is low compared
with that of other countries or compared with the GDP per cap-
ita of the Netherlands. When a threshold of €50,000 per QALY
gained would be used, a value which also has been suggested for
the Netherlands, the results of Van Lier et al.*’ would be regarded
as cost-effective. This higher threshold was also used in the other
Dutch study included in our analyses by de Boer et al.¥” Two
German studies on cost-effectiveness of HZ vaccination were
identified, but not included because full content was not avail-
able for evaluation.?®®" The study of Wasem et al.** found that
vaccination of people above 60 y of age was cost-effective with an
ICER of €20,139 per QALY gained from the TPP’s perspective.
The study of Ultsch et al.®! presented no cost-utility results, but
found that vaccination of a cohort aged 50-54 y would cost €280
per HZ case prevented from the societal perspective.

Optimal vaccination age

Table 3 shows that cost-effectiveness of HZ vaccination varies
significantly over a range of vaccination ages. Different optimal
vaccination ages were found and this was also dependent on the
duration of vaccine efficacy which was assumed. Studies with
limited durations of vaccine protection found an optimum vac-

37,39,43,46,47

cination age in the range of 70 to 75 ;' while studies

assuming life-long protection reported ages between 60 and 69
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Table 3. Modeled health and economic impact of vaccinating 1 million elderly against HZ (continued)
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HZ, Herpes zoster; ICER, Incremental cost-effectiveness ratio; PHN, Postherpetic neuralgia; QALY, Quality-adjusted life years ‘@ assuming duration of vaccine protection of 10 y; ®

assuming 30y vaccine efficacy

as most beneficial »3¢44244 Also inclusion of additional efficacy
against PHN and BOI or not was an important factor to deter-
mine the optimal vaccination age. For instance, the study of Van
Hoek et al.,** considering no additional efficacy against PHN in
the base-case scenario, found an optimum age of 65 y. However,
when additional protection against PHN was taken into account,
the optimum vaccination age increased to 75 y.

Gender

Two studies also stratified results by gender.”# Both stud-
ies concluded that vaccination of women is more cost-effective
than vaccination of men, because HZ incidence is higher among
women (Table 3).

Influential parameters for cost-effectiveness

Sensitivity analyses provide information on which parameters
can be regarded as most influential to the cost-effectiveness ratio.
Parameters most often considered as influential are the duration
of vaccine efficacy and the vaccine price (Table 3). All studies
except one,*® showed that duration of vaccine-induced protection
or waning rate affected the ICER considerably. Only two studies
came to the conclusion that vaccine price does not have a high
impact on cost-effectiveness.”*> Other often mentioned param-
eters influencing the ICER largely were vaccine efficacy,®*374047
HZ incidence®% and discount rates.’”?*4-444¢ Also utilities,
pain severity split and duration of HZ and especially PHN, all
involved in the calculation of the QALY losses, was reported to
influence cost-effectiveness outcomes largely.?#3>3%4244.46.47

Combined varicella and zoster vaccination strategies

An interesting target of HZ vaccination might be the use in
combination with varicella vaccination. As mentioned in the
introduction, VZV is responsible for varicella as well as HZ.
However, it has been hypothesized decades ago that re-expo-
sure to circulating VZV could inhibit the reactivation of VZV.?
This theory is also known as the ‘exogenous boosting’ theory
and would imply that if adults come into contact with varicella
infected children, their immunity against VZV is boosted and
consequently the risk of developing HZ reduces. Consequently,
in case universal varicella vaccination among children is imple-
mented, a temporary increase of HZ incidence might arise due
to an absence of exogenous boosting. Although the exact con-
sequences of this theory are still under debate,”® a recently
published systematic review concluded that exogenous boosting
exists, however it seems not to account for all populations and all
situations.®*

As mentioned above, two studies were found analyzing the
cost-effectiveness of a combined varicella and HZ vaccination
program.’*# Both studies used an dynamic transmission model
which accounted for passive immunity (herd immunity), age
structures, gradual loss of vaccine or disease-acquired immu-
nity and social contact mixing patterns.” The two studies also
included the effect of exogenous boosting in their base-case anal-
ysis. The results showed that both models predicted an increase of
HZ incidence in at least the first five decades following varicella
vaccination, depending on the duration of protection of natural
boosting. As HZ has a much higher disease burden than vari-
cella, varicella vaccination was not deemed to be cost-effective
within a time frame of 50 y, but might be cost-effective when an
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infinite time-horizon is used. Both studies demon-
strated that combining varicella vaccination with
HZ vaccination of the elderly is more cost-effec-
tive than varicella vaccination alone. In the study
of Van Hoek et al.,*? the probabilistic sensitivity
analysis demonstrated that 70% of the simulations
were cost-effective for the combined vaccination
strategy and 50% of the simulations for varicella
vaccination alone (willingness-to-pay threshold of
<30,000 per QALY gained, infinite time horizon).
In the study of Bilcke et al.,* the time horizon in
which more than 50% of the simulations was cost-
effective (threshold €35,000 per QALY gained)
decreased from 99 y to 90 y, when HZ vaccination
was added to varicella vaccination. The time hori-
zon could decline further to 56 y, when the dura-
tion of protection of the HZ vaccine is extended

Base case ICER (€/QALY gained)

to lifelong.

Discussion

This review assesses the available literature on
health-economic evaluations of HZ vaccination.
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search was performed within two distinct data-
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Figure 2. The incremental cost-effectiveness ratios (ICERs) of the included studies. For
the study of Bilcke et al.* the median between the best case and worst case scenario

terms. Moreover, reference lists of potential articles

were additionally screened. A total of 14 studies

were included for extensive review. All studies concluded that
HZ zoster might be cost-effective; however, this was not the case
in all scenarios and at all vaccination ages. Generally, all studies
showed that vaccination against HZ is cost-effective when vac-
cination is administered between the age of 60 and 75 y and the
duration of vaccine-induced protection is longer than 10 y. These
findings are consistent with other reviews summarizing evi-
dence on the cost-effectiveness of HZ vaccination.”* However,
compared with the review of Szucz et al.,* three more studies
were included. Moreover, this review contains more specific
data on the clinical results found in the studies, the influence
of the modeling of vaccine efficacy on cost-effectiveness results
and the optimum age of vaccination. Finally, results from stud-
ies combining HZ vaccination with varicella vaccination were
also summarized. Differences in modeling approaches and input
parameters hampered a straightforward comparison of the cost-
effectiveness studies. It should however be noted that the hetero-
geneity between studies supports the credibility and robustness
of HZ vaccination as a cost-effective intervention. The major key
drivers for cost-effectiveness turn out to be duration of vaccine-
induced protection, vaccine price and vaccination age.

Most studies targeted elderly above the age of 60 y, because
this age-group was included in the SPS study providing evidence
on vaccine efficacy.?”?! Later studies also included vaccination
ages between 50 and 60 y, when efficacy data specifically for
this age-group came available.”? The optimal vaccination age

2058 Human Vaccines & Immunotherapeutics

from cost-effectiveness point of view ranges between 60 and
75, depending on duration of vaccine-induced protection and
additional efficacy against BOI and PHN above the age of 70.
To provide insight in the optimal vaccination age, modeling is
needed, as several input parameters have been shown to vary dur-
ing aging. On one hand, the SPS has shown that vaccine efficacy
decreases during aging, which would imply that vaccinating at
younger age would be more cost-effective. On the other hand the
incidence of HZ and the risk to develop PHN after HZ reactiva-
tion increases with age. A crucial role in this specific research
question is reserved for the duration of vaccine protection. As
mentioned, some studies assumed that the duration of vaccine-
induced protection is lifelong, while others assumed durations
varying from 7.5 to 15 y. It seems plausible that, assuming life-
long protection, the scenario with the youngest vaccination age
would be most cost-effective, because in that case the vaccinees
are protected earlier. However, this is not necessarily the case.
Among the six studies using lifelong protection in the base-case
analysis®®3* 44244 or almost lifelong (30 y),” five studies indeed
showed that the optimum vaccination age was in the younger age
groups (range 60—69 y). However, among three of these five stud-
ies also a scenario of vaccination between 50-59 y was applied,
which means that the youngest vaccination age was not necessar-
ily the most cost-effective vaccination age. The study of Brisson
et al.?® even found an optimum vaccination age of 70 y, unless a
lifelong protection was assumed. Responsible for this potentially
counterintuitive phenomenon is the discounting factor. HZ and
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PHN incidence is highest beyond the age of 70. Assuming life-
long protection, these cases are prevented independent of vacci-
nation age. However, the counting of discountable years starts at
the time-point of vaccination and as costs and QALYs are gener-
ally saved beyond the age of 70, outcomes are much more affected
by discounting if the vaccination age is 50 y than if the age of 70
y. This explains why the youngest age is not necessarily the most
optimal vaccination age even if a lifelong protection is assumed,
but ages in the range of 60 to 70 y.

The major limitation within assessing the cost-effectiveness
of HZ vaccination is the unknown duration of vaccine-induced
protection. Up to now, protection has been shown to persist for at
least 7 y.* Assumptions concerning duration of vaccine-induced
protection vary from 7.5 y to lifelong. Follow-up of vaccine effi-
cacy has to be maintained to provide more certainty about the
duration of protection. To address uncertainty of duration of vac-
cine protection toward cost-effectiveness results, studies should
vary this duration for specific age-groups as this duration might
be age-dependent.’* Another limitation is the unknown vaccine
price when the vaccine is bought in bulk quantities. As this is
generally kept confidential by pharmaceutical companies, such
information unfortunately will not be available for cost-effec-
tiveness analyses. Studies funded by pharmaceutical companies
assumed in general a lifelong vaccine induced protection, which
provides the opportunity to generate cost-effective results in the
base-case analysis while using significant higher vaccine prices.
Concerning HZ incidence, data was mainly obtained from gen-
eral practitioners (GP) databases. Using such a source implies
a risk for underestimation if not all HZ patients visit a GP.
Incidence rates were similar between different studies, although
in the United States it seemed somewhat higher. However, this
might also be caused by differences in the surveillance systems. A
recently published study showed that HZ incidences were similar

between European countries.®

Studies performed in countries
which include varicella vaccination in their immunization pro-
grams should use updated data on HZ incidence, because circu-
lation of varicella might have an impact on the occurrence of HZ
in elderly. With our analysis applied to the Netherlands without
a universal varicella vaccination,”” one should be aware that for
countries with a universal varicella vaccination, this policy might
influence the cost-effectiveness of HZ vaccination. Parameters as
severity of pain and duration of pain due to HZ/PHN are influ-
ential for the amount of QALYs gained and different sources esti-
mating utilities should be used to address uncertainty into QALY
losses. Moreover, studies using validated instruments to estimate
quality of life should be preferred. Factors which were ignored in
most studies but should be incorporated to achieve a complete

www.landesbioscience.com

view of the consequences of HZ vaccination are complications
from ophthalmic manifestations of HZ and vaccine adverse
events vaccination. Also productivity losses might become more
important as a consequence of healthy aging and the evidence of
vaccine efficacy in the younger age group between 50-59 y.

Further research will better inform on the duration of protec-
tion of the vaccine and reduce uncertainty in this area. With vari-
ous initiatives to synthesize health-economic methods between
countries, it might be expected that future cost-effectiveness
analyses in the area will be even better comparable, enhancing
this type of evidence synthesis as done here and allowing even
conclusions to be drawn. With price being an important determi-
nant of cost-effectiveness of HZ-vaccination, outcomes of price
negotiations, potential tendering and price-volume deals might
crucially influence the outcomes of future cost-effectiveness anal-
yses being embarked upon.

Conclusion

In the light of current published studies, HZ vaccination of
the elderly seems to be cost-effective, with the exact cost-effec-
tiveness profile being dependent on the vaccination age, duration
of vaccine efficacy and vaccine price. In general HZ vaccination
was cost-effective in all studies, when vaccine protection was at
least 10 y. Because of aging of the population, the burden of HZ
and PHN might have a growing impact on the health-care bud-
get and the population’s health-related quality of life. Therefore,
universal HZ vaccination might present an interesting opportu-
nity to reduce this burden. When updated information on the
duration of vaccine-induced protection, HZ incidence or vac-
cine price becomes available, cost-effectiveness results should be
updated in order to reassess vaccination recommendations and
optimum vaccination age. To improve possibilities for a direct
comparison of different cost-effectiveness studies, more extensive
reporting on methodology and more detailed results of sensitivity
analyses would be desirable.
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