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ABSTRACT

A vaccine against herpes zoster (HZ) and its complications has already proven safe and effective against infection
and pain and against the related deterioration of quality of life in the elderly. In order to inform the vaccination
decision-making process regarding inclusion of this vaccine in the French immunization schedule, we assessed
the cost-effectiveness of several vaccination scenarios, compared to no vaccination. We chose to use a previously
published Markov model. Starting vaccination in elderly individuals aged 65, 70 and 75 y old appears more cost-
effective than vaccination for those aged 60 y old, with a cost-effectiveness ratio between 30,000 and 35,000
euros per quality-adjusted-life year (QALY) gained for the first 3 age groups versus 54,500 €; for the latter group.
These results largely contributed to the recommendation to include the HZ vaccination in the French
immunization schedule for people aged between 65 and 74 y old in France.

Introduction

Herpes zoster (HZ) is caused by a delayed painful local reacti-
vation of infection by the virus causing chickenpox during
childhood. The varicella-zoster-virus can remain dormant in
the dorsal root ganglion." The main complication of HZ is
post- herpetic neuralgia (PHN) defined as pain persisting over
90 d after rash onset.” Severe pain and paresthesia are responsi-
ble for an important negative impact on patients’ quality of life
at the onset of the acute phase and throughout the virus’s evo-
lution.” Vaccination against HZ and PHN has proven effective
against the disease (reduction of HZ and reduction of the sever-
ity if the disease does occur) and appears safe among the
elderly.* In order to inform the decision-making process
regarding the introduction of systematic HZ vaccination for
elderly French people, a study was conducted by the French
Institute for public health surveillance (InVS) to determine
whether vaccination was cost-effective and if so which age
group(s) would be most appropriate to target. We chose to use
a previously published Markov model.”

Results

Table 1 summarizes the main findings of our modeling study.
Between 10,000 and 13,000 HZ cases were avoided through
vaccination at 60, 65 and 70 y and fewer than 6,000 cases by
vaccination at 75 y old. The number of PHN cases avoided by
vaccination varied between 1,217 cases when vaccinating at 65
y and 2,366 cases when vaccinating at 70 y. Net estimated costs
of the vaccination strategies were comparable for the 65 y old
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and older cohorts, varying between 35,090 and 38,883 k€. The
vaccination strategy at 60 y old was more expensive costing
54,257 k€. The estimated cost-effectiveness (CE) ratio were rel-
atively similar for the 65 y old and older cohorts, varying
between 30,687 and 33,937 € per QALY (quality-adjusted life
year) gained. The CE ratio was higher for the 60 y old vaccina-
tion strategy, costing 54,450 € per QALY gained (Table 2).

Figure 1 shows the results of the deterministic sensitivity
analysis for the vaccination at 70 y of age. The most influential
parameters were the duration of vaccination protection, and, to
a lesser extent, the costs of vaccination, the utility estimates and
HZ incidence. Similar conclusions were reached for the other
cohorts considered.

The probabilistic sensitivity analyses showed that respec-
tively 66%, 100%, 100% and 100% of the CE ratio simulations
were under the threshold of 50,000 € per QALY gained when
vaccinating at age 60, 65, 70 and 75 y. When using the Long-
Term Persistence Substudy (LTPS) duration of efficacy data,’
respectively 19%, 92%, 100% and 100% of the CE ratio simula-
tions were under this threshold value (Fig. 2a and b). The corre-
sponding results for a threshold of 30,000 € per QALY gained
were respectively 0%, 57%, 50% and 64% (base case efficacy
data) and 0%, 10%, 30% and 49% (LTPS efficacy data).

Discussion

In the base case analysis, the CE ratio ranged from 30,687 € to
54,450 € per QALY gained. HZ vaccination in France appears
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Table 1. Base case results related to net costs and impact of vaccination in cohorts
of French adults vaccinated at different age groups.

Age groups (years) 60-64 65-69 70-74 75-79°
Avoided HZ cases 13,142 11,079 10,856 5734
Avoided PHN cases 1,612 1,217 2,366 1,684
Vaccination costs (€) 54,256,596 35,090,691 38,883,296 37,683,737
Net cost of vaccination per 4,128 3,167 3,582 6,572

case of HZ avoided (€)

" vaccine coverage: 50%, “vaccine coverage: 60%

more cost-effective when administered at 65, 70 and 75 y of age
than when administered at 60 y of age.

The cost-effectiveness of HZ vaccination is most sensitive to
duration of protection estimates. In the base case analysis, we
assumed an average duration of protection of 9.5 y. This
assumption of a persistent protection beyond 10 y post-vacci-
nation is likely to have overestimated the real duration of pro-
tection, according to the recently published LTPS data.
However, even in the alternative LTPS-data based probabilistic
sensitivity analysis assuming no protection beyond 10 y after
vaccination, the CE ratio remained below the threshold of
50,000 € per QALY gained in almost all simulations performed
as part of the sensitivity analysis, when vaccination occurred at
65 v of age or beyond. Although there is no official CE ratio
threshold for health interventions in France, as in most Euro-
pean countries, based on our results, HZ vaccination was con-
sidered reasonably cost-effective at 65 y of age or above.

We used the model built for the English/Welsh context but
we re-parameterized it with French data. One of the limitations
of our study is the absence of French data on QALY loss related
to HZ. However we used the values estimated by Van Hoek
et al., based on an extensive literature review.” Another limita-
tion is related to the estimation of the hospitalization rate. On
the one hand it may have been overestimated as some patients
may have been admitted several times for the same episode. On
the other hand, it may have been underestimated by only con-
sidering ICD-10 code in the main diagnosis but not in other
associated codes.

Bresse et al. in 2013’also found that HZ vaccination in France
was cost-effective for those vaccinated at 70 y old and over. They
arrived at a lower CE ratio than ours (14,198 € per QALY gained
vs. our 30,687 € per QALY gained from a societal perspective).
Given that we essentially used the same French epidemiological
data sources as Bresse et al,* ' this difference could be explained
by the slightly different model structures and by different
assumptions or parameters values for costs and vaccine effective-
ness data. A recent article on the French burden of herpes zoster
found hospital costs similar to those in our study."

Our results are also consistent with those from other studies.
A recent systematic review was conducted to assess the cost-
effectiveness of routine varicella and herpes zoster vaccination

Table 2. Base case incremental cost-effectiveness ratio of vaccination at different
age groups compared with no vaccination, France.

Age groups (years) 60-64 65-69 70-74 75-79

Cost per QALY gained (€) 54,450 33,937 30,687 32,815
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in high-income countries by modeling studies. The majority of
studies reviewed CE ratio or ICER (incremental cost-effective-
ness ratio) from 10,000 to 40,000 € per QALY and concluded
that HZ vaccination would indeed represent a cost-effective
strategy.12

In those studies, when considering both a payer and a societal
perspective, the differences in results between the 2 perspectives
decreased with increasing age at vaccination, since indirect costs
due to sick leave become less relevant with population aging.

The authors of the systematic review concluded that most
results suggested that the optimal age for HZ vaccination is
between 60 and 70 y or approximately 70 y. Conclusions about
the cost-effectiveness of HZ vaccination depended mainly on the
price of the vaccine, the duration of protection and the assumed
cost-effectiveness threshold. Indeed, diverging results were essen-
tially due to different choices regarding the duration of vaccine
protection, HZ incidence and costs of vaccination.'>"?

To our knowledge this is the first study to have used LTPS
data. Interestingly, although LTPS results were less favorable
than estimates used in previous studies in terms of duration of
protection, vaccination against HZ for those 65-75 y old
remains, in our study, reasonably cost-effective.

The results of this study were presented to the “Haut Conseil
de la Santé Publique” (HCSP) which is responsible for making
recommendations to the Ministry of Health when new vaccines
are granted a licensing authorization. Taking into consideration
our results as well as data on safety and effectiveness, in Octo-
ber 2013 the HCSP recommended zoster vaccination in people
aged between 65 and 74 y old. Lack of data on vaccine effective-
ness when administered above 75 y or older prevented us from
estimating the cost-effectiveness for those age groups. However,
the adopted vaccination strategy also included a one-year
catch-up program for those aged 75 to 79 y,'* which was not
based on an economical assessment.

This recommendation was endorsed by the Ministry of
Health in 2015 and zoster vaccination has been included in the
2016 national immunization schedule for all individuals aged 65
to 74 y old, with a one-year catch-up for those aged 75-79 y old.

Methods (see Appendix)

A Markov cohort model already published by van Hoek et al.’
was reproduced to estimate the cost-effectiveness (CE) ratio of
HZ vaccination in France compared to no vaccination. We
used TreeAge Pro software to reproduce the Markov model
developed by van Hoek et al. in which the patients are initially
distributed in 4 health states no pain, mild pain, clinically rele-
vant pain (CRP) divided in 2 groups acute herpes zoster (short
term) and PHN which was defined as a CRP after 90 d. Differ-
ent parameters were estimated for the initial distribution of the
patients in the 4 health states and for the transition rate
between these different health states. (Fig. A1).

The CE ratio of vaccination at different ages (60, 65, 70 or
75 years) were estimated and compared with the no-vaccina-
tion reference strategy. For each scenario defined by age at vac-
cination, the number of HZ and PHN cases prevented, as well
as the net costs and the quality-adjusted life year (QALY)
gained were calculated. According to the French guidelines,
futures cost and effects were discounted at a 4% rate.'” We only
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Figure 1. Deterministic sensitivity analysis: Herpes Zoster vaccination at 70 y old.

considered a societal perspective (i.e. not the payer’s perspec-
tive). Productivity costs were not included in the analysis.

Quality-adjusted life year (QALY)

In the absence of French data, we used the QALY loss estimates
published by Hoek et al. They estimated the quality of life
weight for each pain state from the literature by fitting a model
to the data from the different published studies and combined
those results with data on the duration of each state. Values
used are shown in Fig. A2.

Model adaptation

Since the publication of van Hoek’s article, several studies including
2 French studies™ have been published regarding the incidence of
PHN. We have therefore adapted the van Hoek’s model in order to
fit the initial distribution of patients the 4 initial states: no pain,
pain, short CRP, long CRP (PHN) to the results of the above men-
tioned French studies (Fig. A3 and Table A3). All individuals were
followed in the model up to death or 104 y old, whatever event
comes first. Zoster-specific mortality was neglected.

Vaccine efficacy

In the base-case analysis, we used the vaccine efficacy and wan-
ing rate as estimated by van Hoek et al. by fitting a model to
clinical trial data. Efficacy was assumed to decline at a constant
rate with time since vaccination. However, the likelihood func-
tion obtained was fairly flat in the region of the maximum,
therefore several combinations of efficacy and waning rate were
supported by the data. We chose in the base case analysis the
values provided in Table A1, corresponding to an average dura-
tion of protection of 9.5 years, as they were those with the best
graphical fit with the year by year Long term Prevention Study
(LTPS) data (Fig. A4). Indeed, during our analysis, data on
long-term (10 years) vaccine efficacy yielded by the LTPS were
made available to us through the French Regulatory Agency,
prior to their publication in 2015.° Based on the result of the
pivotal clinical trial, we also assumed an additional vaccine

25000 35000 45000 55000

Costper QALY gained (€)

65000

efficacy against PHN in the 70 y and over age groups (corre-
sponding to a reduction of the morbidity associated with HZ
infection in the vaccinated). We used data from the LTPS study
for the immediate and annual decrease of the additional effi-
cacy of the vaccine against PHN (Table A2).

Incidence data

French demographic data and mortality rates were obtained from
the National Institute for Statistics and Economics studies (Insee).
Age specific incidence rates of HZ (cases per 100,000 inhabitants)
were obtained from the General Practitioners (GP) sentinel net-
work surveillance system.® Hospitalization data were computed
from the national hospital discharge database (“Programme de
médicalisation des systems d’information” (PMSI)) using ICD-10
codes B020-29 as the main diagnosis (Table A3).

Cost data

Hospitalization costs were obtained by multiplying daily inpa-
tients costs for an HZ and a PHN episode by the average num-
ber of days spent in hospital, calculated from the PMSI data.
Costs of an HZ and a PHN episode in primary care were
derived from the French study EPIZOD.® All costs were pre-
sented in 2012 Euros (€). Costs from the previous year were
inflated to their 2012 value (Table A3).

Vaccination costs (137.5 €) included the cost of one dose
(125 € in the base case analysis) and half the cost of one GP
visit (12.5 €) as we assumed that only half of the vaccinations
would require an extra medical consultation. In the sensitivity
analysis, alternative costs were used for the vaccine, varying
between 112.5 and 162.5 €. Costs and utilities were discounted
by 4% per year in line with official French guidelines.'®

Sensitivity analyses

Deterministic sensitivity analyses were performed on vac-
cine costs, disease costs, utilities, HZ incidence, discount
rate, vaccine effectiveness and duration of protection as
these were the parameters with the greatest impact on the
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a. Vaccine efficacy data from van Hoek et al.
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Figure 2. Probabilistic sensitivity analysis: cost effectiveness for HZ vaccination at 60, 65, 70 and 75 y compared with no vaccination using vaccination efficacy.

results. Hypothesis made for the efficacy and duration of
protection and ranges considered for the various parameters
are given in Fig. 1 and Table A3. Probabilistic sensitivity
analyses were also performed on those same parameters
using uniform distributions. The same ranges as considered

in deterministic sensitivity analysis were used. We run the
probabilistic sensitivity analysis separately for 2 scenarios
regarding duration of protection: one with data on the
duration of protection from the base case analysis, one with
data derived from the LTPS study for all outcomes (efficacy
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against HZ and additional efficacy against PHN) (Table
A2). One thousand simulations were run for each of the 2
scenarios.
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