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About this publication

The Public Health Agency of Sweden has conducted an evaluation of whether to
recommend herpes zoster vaccination for the elderly and other adults with
increased risk for shingles. This evaluation has been done in conjunction with an
evaluation of whether to introduce varicella vaccination into the national
vaccination programme for children since both diseases are caused by the varicella
Zoster virus.

The health economic analysis of herpes zoster vaccination was designed for the
evaluation of whether it fulfils the criteria for inclusion in a national vaccination
programme. The Swedish Communicable Diseases Act (SFS 2004:168 Section 3
and SFS 2012:452) stipulates three criteria to be assessed and presented in support
of a proposal for the introduction of a new vaccine into a national vaccination
programme (1). One of these criteria is an economic evaluation of the cost-
effectiveness of the vaccination programme from a societal perspective. This report
presents the methods and results from this health economic analysis.

The main target group for this publication is the Swedish Regions. The publication
may also be of interest to professional societies under the Swedish Society of
Medicine, health professionals with responsibility for vaccination, and the
international community with responsibilities for evaluating new vaccines.

The analysis was carried out by Frida Kasteng, health economist at the Unit for
Analysis at the Public Health Agency of Sweden, in collaboration with a working
group consisting of analysts and experts from the Public Health Agency of Sweden
as well as external experts (see Appendix A).

The Public Health Agency of Sweden
Karin Tegmark Wisell

Director-General



Table of contents

About this PUDIICAtION .....ceueiiiiiie e 3
FA Lo Y = o oI 5
RS0 021 0= PPN 6
SaAMMANTAENING . 1tuiieei e e 8
2721 | 011 g o 10
0= PP 12
MEERO. .. 13
Health eCONOMIC MOMEL........uu s 13
Parameters and asSUMPLIONS .......cuueiiieriiiieiii e e e e rr e e s e err e e rn e e enas 14
Incidence Of HZ........oooiviiiii 14
Impact of INtervention ... 14
ResSource use and COSES......uumummmuimiii s 15
Health-related quality Of life ....covevuiiiiii e 18
SenSItiVItY @NalYSES......ooiiiiiiii e 19
Budget impact @nalySiS ... ..cvuuiiiiiiiiieiiin e e 20
RESUIL. ..t 21
COSt-effECtiVENESS ..o i 21
Base CASE FESUILS......uuuiuii 21
SENSILIVILY @NAIYSES...cevuiiiiiiiiii i e 22
1218 [o <t oo ] oo 26
Distribution of cost and cost-savings at regional and national levels .........c...c.cceuun..t 26
Vaccination programme budget estimation ...........ccoeeviiiiiiiiiie 27

D] 8111 o N 29
REFEIENCES. ..uuuuiii 32
Appendix A: Contributing @XPEITS.....uuiiiiriieiieiiii e er s e e e 37



Abbreviations

EQ-5D

HTA
HZ
HZO

ICER

PHN

QALY

RCT
RZV
SEK
USD
\7A%

ZVL

EuroQol five dimensions, instrument used to measure health-related
quality of life

Health technology assessment
Herpes zoster
Herpes zoster ophthalmicus

Incremental cost-effectiveness ratio, the difference in costs between
two interventions divided by the difference in effect

Post-herpetic neuralgia

Quality-adjusted life year, a measure that combines two dimensions
of health: length of life and quality of life

Randomised clinical trials

Recombinant zoster vaccine (Shingrix®)
Swedish currency

United States dollar

Varicella zoster virus

Zoster vaccine live (Zostavax®)



Summary

The Public Health Agency of Sweden has conducted an evaluation of whether to
recommend herpes zoster vaccination for the elderly and other adults with
increased risk of shingles in a two-dose schedule. The cost-effectiveness of a
herpes zoster vaccination programme for the elderly was assessed. Our analyses
suggest that a herpes zoster vaccination programme for the age group 65 years and
older would incur a very high cost per quality-adjusted life year in the Swedish
context with the current tentative vaccine price. The budget impact of offering
vaccination to this age group as a whole would be considerable and implementation
might need to be offered in a phased manner over a number of years.

Herpes zoster (shingles) is caused by the reactivation of the varicella zoster virus,
which remains latent in the body following a primary infection causing varicella
(chickenpox). The life-time risk of developing herpes zoster is around 35%. The
risk increases with age. Herpes zoster is characterised by a painful rash or blisters
on the skin or mucosa which usually heals within 2-4 weeks. Approximately 15%
of patients develop persistent nerve pain in the affected area that lasts for more than
90 days, and sometimes lasting a life-time.

The first vaccine against herpes zoster, a live-attenuated vaccine, was approved in
the EU in 2006. In 2018, it was followed by the EU authorisation of a recombinant
adjuvanted subunit zoster vaccine. In some countries, this vaccine has been
recommended in vaccination programmes for the elderly and for
immunocompromised from 18 years of age in, for example in Australia, Canada,
Germany, Italy, New Zealand, Spain, the UK and the USA, in line with the EU
authorisation. To date, none of the other Nordic countries has introduced a herpes
zoster vaccination programme, but evaluations are on-going.

We carried out a health economic analysis to assess the cost-effectiveness of
administering herpes zoster vaccination to the elderly as part of a vaccination
programme in Sweden compared with a scenario without vaccination. We
modelled vaccine provision to age-specific cohorts ranging from 50 to 85 years
old. Parameter estimates in the model were based on national and international
scientific publications, data from Swedish national and regional registries, and
national guidelines for treatment and prophylaxis of herpes zoster.

Our base case analysis indicates that the cost per quality-adjusted life year gained
for the 65-year-old cohort would be around SEK 1,150,000 from a societal
perspective, using the tentative price of the vaccine of SEK 1,612 per dose
provided by the vaccine producer. This is classified as a very high cost per quality-
adjusted life year according to the guidelines used by the National Board of Health
and Welfare. At a cost of approximately 30-40% of the current tentative vaccine
price - when provided to individuals in the age interval 50-80 years - the cost per
quality-adjusted life year gained would come down to a moderate level (below
SEK 500,000). For the 85-year-old cohort the cost per quality-adjusted life year



would be classified as high (approximately SEK 600,000) at 30% of the tentative
vaccine price.

The annual cost of offering the vaccine to 65-year-olds, with a 60% coverage rate,
would be around SEK 240 million per year, using the current tentative vaccine
price in the estimation. The total initial cost of a vaccination offer to the entire
population aged 65 and above would be considerably higher. We have therefore
budgeted for a suggested offer of vaccination to the group 65 years and older in a
stepwise manner, phased out over a number of years, starting with the oldest.

Individuals that are immunocompromised due to disease or treatment, aged 18 or
older, incur a risk of herpes zoster in line with or higher than that of the elderly.
We have not assessed the cost-effectiveness of a vaccination programme for this
group due to its heterogeneity in terms of disease risk, vaccine effectiveness and
age.



Sammanfattning

Folkhdlsomyndigheten har utvarderat huruvida béltrosvaccination bor
rekommenderas for den &ldre befolkningen och andra vuxna med 6kad risk for
baltros i ett tvidosschema. I samband med detta har myndigheten genomfort en
kostnadseffektivitetsanalys av bdltrosvaccination for dldre. Véra analyser visar att
inférande av ett baltrosvaccinationsprogram for &ldersgruppen 65 ar eller dldre
skulle resultera i en mycket hog kostnad per vunnet kvalitetsjusterat levnadsar med
nuvarande tentativa vaccinpris. Budgetpaverkan av att erbjuda vaccination till
denna aldersgrupp som helhet skulle bli betydande och vaccination skulle
eventuellt behova introduceras stegvis over ett antal ar.

Baltros orsakas av en reaktivering av varicella-zosterviruset, vilket finns kvar latent
i kroppen efter en primérinfektion som leder till vattkoppor. Livstidsrisken for att
utveckla béltros dr runt 35 procent. Risken 6kar med é&ldern. Baltros kénnetecknas
av smirtsamma utslag pa huden eller slemhinnorna. Dessa ldker oftast inom 2—4
veckor. [ ungefér 15 procent av alla fall leder béltros till langvarig nervsmaérta i den
drabbade kroppsdelen som kvarstar i mer dn 90 dagar, och ibland blir kronisk.

Det forsta béltrosvaccinet, ett levande forsvagat virus, godkindes i EU 2006. 2018
efterfoljdes det av ett rekombinant subenhets- och adjuvansinnehéllande vaccin.
Detta vaccin har rekommenderats i vaccinationsprogram for éldre i till exempel
Kanada, Spanien, Storbritannien Tyskland, och USA, samt for personer med ett
nedsatt immunforsvar fran 18 ars alder, enligt EU-godkénnandet. Hittills har inget
nordiskt land initierat ndgot vaccinationsprogram for biltros, men utredningar
pagar i alla nordiska lander.

Vi har genomfort en hidlsoekonomisk analys for att skatta kostnadseffektiviteten av
att introducera béltrosvaccination for dldre som del av ett nationellt
vaccinationsprogram, jamfort med ett kontrollscenario utan vaccination. Vi
modellerade vaccination av aldersspecifika grupper fran 50 till 85 &r.
Modellparametrarna baserades pa svenska och internationella vetenskapliga
publikationer, data fran svenska nationella och regionala register, samt nationella
behandlingsriktlinjer for béltros.

Vara analyser visar att kostnaden per vunnet kvalitetsjusterat levnadsér for gruppen
65 ar skulle vara runt 1 150 000 kronor frén ett samhéllsekonomiskt perspektiv,
med ett tentativt vaccinpris fran vaccinproducenten pa 1 612 kronor per dos.
Resultatet klassas som en mycket hog kostnad per vunnet kvalitetsjusterat
levnadsar enligt Socialstyrelsens metodriktlinjer. Vid en sdnkning till 30-40
procent av det tentativa vaccinpriset skulle kostnaden per vunnet kvalitetsjusterat
levnadsar hamna pa en mattlig niva (under 500 000 kronor) for aldersgrupperna
50-80 &r. For gruppen 85 ér berdknas kostnaden per vunnet kvalitetsjusterat
levnadsar som hog (cirka 600 000 kronor) vid 30 procent av tentativt vaccinpris.

Den arliga kostnaden for att erbjuda vaccination till 65-aringar, med 60 procents
tackningsgrad, skulle vara runt 240 miljoner kronor vid nuvarande tentativa
vaccinpris. Den totala initiala kostnaden for att erbjuda vaccinering till alla 6ver 65



ars élder skulle vara betydligt hdgre. Vi har dérfor budgeterat for en foreslagen
stegvis vaccination i gruppen 65 ar och dldre dar de dldsta skulle erbjudas
vaccinationen forst.

Personer med ett nedsatt immunforsvar som ar 18 ar eller dldre har en risk for
baltros som dr likvéirdig eller hogre dn den hos dldre. Vi har inte skattat
kostnadseffektiviteteten av ett vaccinationsprogram for denna grupp pé grund av
den stora variationen inom gruppen vad géller risk for biltros, vaccineffektivitet
och alder.



Background

Herpes zoster (HZ), also referred to as shingles, is caused by the reactivation of the
varicella zoster virus (VZV) which remains latent in sensory, cranial and
autonomic nerves after a primary infection causing varicella (chickenpox).

The VZV which cause chickenpox is very contagious and most individuals are
infected early in life. Most children born and raised in Sweden are infected and
develop varicella during their pre-school years and almost 100% of Swedes have
been infected by the time they reach adulthood (2, 3). The life-time risk of
developing HZ in an individual who has been infected with VZV is around 35% (4,
5). The virus can be reactivated if the immune system is weakened later in life due
to age or suppressed because of disease or medication. Approximately 55% of
cases, and more than 75% of hospital admissions due to HZ in Sweden occur in
individuals aged 65 years or older (4, 6).

HZ is characterised by a painful rash or blisters on the skin or mucosa. The most
common site affected is the trunk, on one side of the body. The rash usually heals
within 2-4 weeks, but around 15% of patients, increasingly so with age, develop
post-herpetic neuralgia (PHN), defined as persistent nerve pain in the affected area
lasting for more than 90 days (4, 7-9). PHN can last for several months or even
years in some individuals. Further, 10-20% of patients develop HZ ophthalmicus
following reactivation of VZV residing in the ophthalmic branch of the trigeminal
nerve (8-10). This may result in partial or complete acute or chronic vision loss in
the affected eye if not treated vigorously with antivirals. Complications such as
pneumonia, pneumonitis, meningitis and encephalitis may occur in HZ patients just
as during the primary VZV infection. A 1.8-fold increased risk of stroke has been
reported during the first month post HZ, down to a risk of 1.2 one year post the HZ
diagnosis (11). HZ may recur, most commonly in individuals with haematological
malignancies and long lasting zoster-related pain, but it is relatively rare estimated
to 1-5 % in different studies (4, 9, 12, 13). The overall mortality risk due to HZ is
around one per thousand cases. Over the 20-year time period 2003-2022 one
individual in the age span 45-65 years died on average per year due to HZ
diagnosis. Three individuals aged 65-74 years, ten aged 75-84 years and 30 aged
85 years or older (6).

The first vaccine against HZ, Zostavax® (Merck Sharp & Dohme) was approved in
the EU 2006. It is a live attenuated vaccine (ZVL) based on the same virus as the
currently available varicella vaccines but in a higher titre (14). In 2018, it was
followed by the EU authorisation of a second generation recombinant zoster
vaccine (RZV), Shingrix® (GlaxoSmithKline). The ZVL vaccine has a 64% (95%
CI 56-71) short-term efficacy against HZ in the age group 60-69 years and 38%
(95% CI 25-48) in persons aged 70 years or older, as reported from randomised
clinical trials (RCT) (15) with estimates in the same range from observational
studies (16). RCT data for the RZV vaccine report a 97.7% (95% CI 93.1-99.5)
efficacy in protecting individuals 50 years or older against HZ year 1, while long-
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term follow-up indicates a 73.2% (95% CI 46.9-87.6) efficacy after 10 years (17).
Pooled data from the first observational studies in the USA report a 79% (95% CI
70-89) vaccine effectiveness against HZ year 1 (18-21) down to 73% at 3 to 4
years of follow-up (21). Both vaccines are approved for the elderly from age 50
years. The RZV vaccine is also approved for immunosuppressed individuals from
18 years of age while the live vaccine is contraindicated in this group (14).

The USA was the first country to establish a vaccination programme with the ZVL
vaccine, from 50 years of age, followed by Canada (age 50+) and Greece (age 60+)
in 2011, South Korea (age 60+) in 2012, the UK (ages 70-79) in 2013 and France
in 2015 (ages 65-74) (14). Several of these countries have now switched their
recommendation to the RZV vaccine: the USA in 2017, Canada in 2018 and the
UK in 2023 (22-24). The RZV vaccine was also recommended in Germany in 2019
and in Spain in 2021 (25, 26). Uptake of the vaccine has been slow in Canada,
Germany and the UK due to its considerable budget impact (23, 27). To date, none
of the Nordic countries have introduced an HZ vaccination programme. A
systematic literature review has been conducted jointly among the Nordic countries
during 2023 in preparing for the possible introduction of zoster vaccination in the
countries.

The Public Health Agency of Sweden initiated a combined assessment of varicella
vaccination for inclusion in the national vaccination programme for children, and
HZ vaccination as a vaccination programme for the elderly in 2018. However, due
to the COVID-19 pandemic the assessment was paused for a couple of years and
resumed late 2022. A health economic assessment of the cost-effectiveness of
ZVL, based on this previous work, was published in 2021 (28). It concluded that
ZVL vaccination as part of a vaccine programme would not be cost-effective in
Sweden, in line with an earlier assessment by the Dental and Pharmaceutical
Benefits Agency that withdrew the subsidy for the ZVL vaccine already in 2014
when the company failed to show long-term efficacy (29). In this analysis we only
assessed the cost-effectiveness of the RZV vaccine. This is due to its observed
superior efficacy and effectiveness when compared with ZVL, as well as the
expected discontinuation of ZVL on the European market (communication Merck
Sharp & Dohme 20230530). The cost-effectiveness of a RZV vaccination
programme in a Swedish context has also been assessed by Region Stockholm in
2023 (30).
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Purpose

The purpose of this evaluation was to assess the cost-effectiveness of offering
herpes zoster vaccination to different age groups of the elderly population in
Sweden and assess its budget impact at regional and national levels.
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Method

We carried out a health economic analysis to assess the cost-effectiveness of
administering HZ vaccination to the elderly compared with a scenario without HZ
vaccination. We modelled vaccine provision to age-specific cohorts ranging from
50 to 85 years to assess the cost-effectiveness of different vaccination programs
based on age at vaccination. The cost-effectiveness results are presented in terms of
cost per quality-adjusted life year (QALY) gained, also commonly referred to as
the incremental cost-effectiveness ratio (ICER) in health economic analyses. The
base case scenario is a societal perspective, as stipulated in the cost-effectiveness
criteria of the Swedish Communicable Diseases Act (1).

The parameter estimates in the model were based on scientific publications, data
from Swedish national and regional registries, and national guidelines for antiviral
treatment and prophylaxis for disease (31-33). In cases where published data were
missing, assumptions from Swedish clinical expertise have been used (Appendix A).

Health economic model

The cohort model used in the health economic analysis was developed in Excel®.
The model was a state transition model following a cohort of individuals from time
of vaccination until age 100 years or death, whichever occurred first. Since HZ is a
reactivation of an earlier varicella infection, with minimal transmission effect, we
used a non-transmission model. The cycle length was one year, with age-specific
risk of disease, quality of life weights and costs of illness. The age specific
mortality was based on Swedish life tables for 2019 (34) and the modelled
population was the average of the years 2017-2021 for each age cohort modelled.
To perform the health economic analyses, the data were matched with the
corresponding resource use, the unit costs of resources use and the quality-of-life
impact. Results were calculated for both a societal and a health system perspective.
The model structure is depicted in Figure 1.

Figure 1 Flowchart of the cohort model

SUSCEDthle to Il with HZ Recovered from Aged 100 or
dead
HZ vaccination: Vaccinated Recovered from Aged 100 or

The healthcare cost data used in the model were updated to 2023 values using the
annual increase in the unit value used to calculate diagnostic-related group weights
(35). Both health effects and costs were discounted by 3% annually, according to
the Dental and Pharmaceutical Benefits Agency’s general advice for health
economic evaluations (36). The results were also presented without discounting, as
recommended in a proposed European standard for the health economic analysis of
vaccination programmes (37). Reporting standards for health economic analyses
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were used as guidance for presentation of results (38). One-way and two-way
sensitivity analyses were carried out to assess the sensitivity of results to variations
in key input variables.

There is no explicit threshold for when an intervention is considered to be cost-
effective in Sweden (39). Priorities in the Swedish healthcare sector are guided by
the three main principles of the ethics platform (human dignity, needs and
solidarity, and cost-effectiveness) which is part of the Swedish Health and Medical
Services Act (40). In general, what is considered to be an acceptable cost of an
intervention in relation to its health benefits is a judgement that takes into account
also other factors such as the health impact of the intervention and the severity of
the condition to be prevented or treated (41). Meanwhile, decisions about national
vaccination programmes are primarily based on the three criteria specified in the
Swedish Communicable Diseases Act (1).

The cost per QALY framework against which we present our results in this report
was based on the methods guidelines from the National Board of Health and
Welfare where a cost of SEK 100,000-499,000 is considered a moderate cost per
QALY a cost between SEK 500,000-1,000,000 is a high cost per QALY and a cost
above SEK 1,000,000 a very high cost per QALY (32).

Parameters and assumptions

Incidence of HZ

The number of primary care visits due to HZ was used as a proxy for HZ incidence
(42). We used primary care data from Region Vistra Gotaland (4), one of the larger
regions in Sweden population-wise, with nearly one-fifth of the national population
(33). We assumed the same age-adjusted incidence rates at national level. In the
model, we used the average number of visits during the period 2017-2021 in 1-year
age intervals.

Impact of intervention

Vaccine efficacy and effectiveness

The RZV has been evaluated in two phase IIIl RCTs. The vaccine efficacy
compared with placebo was estimated at 97.2% (95% CI 93.7-99.0) in ZOE-50
(population 50+) (43) and at 89.8% (95% CI 84.2-93.7) in ZOE-70 (population
70+) over a median follow-up of 3.1 and 3.7 years respectively (44). A long-term
follow-up of up to 10 years after vaccination published in 2022 showed a 97.7%
(95% CI 93.1-99.5) vaccine efficacy year 1 down to 73.2% (95% CI 46.9-87.6) in
year 10 using pooled data from both studies (17). These data were used to calculate
the annual waning rate of vaccine effectiveness in our model as 3.2%.

Furthermore, we pooled data from three observational studies conducted in
populations in the USA. These studies showed a real-life vaccine effectiveness of
79% (95% CI 70-89) year 1 (18-21), reduced to 73% after 3 to 4 years of follow up
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(21). We used this vaccine effectiveness rate in our sensitivity analyses as the year
1 effectiveness, thereafter assuming the same waning rate as in the clinical trials.

The risk of PHN and HZO rates were assumed to be the same in post-vaccination
HZ-cases as in cases in unvaccinated. The RCTs did not detect a difference in PHN
risk when compared with overall HZ risk (44). Observational studies suggest some
degree of, but with the present population-base not statistically significant,
increased protection against HZO following vaccination (19, 45). Reactogenicity in
the form of injection site pain, erythema, and swelling, and systemic symptoms -
most commonly fatigue, headache, and myalgia - following the vaccination is not
uncommon, but is short-term and usually mild (46). The analysis therefore does not
account for resource use nor the health utility impact of these.

Vaccination coverage

The vaccination coverage was assumed to be 60% on the basis of the coverage
rates seen for influenza vaccination in the health economic model (47). The
coverage assumption does not impact the cost per QALY estimation since we did
not use a transmission model as HZ is minimally transmittable. However coverage
assumptions impact the total cost of the programme in the model and were varied
in the budget impact analysis.

We expected all covered individuals to complete the two-dose vaccine schedule in
the base case analysis with information campaigns which explain that
reactogenicity is expected but short-term with no long-term sequalae.

Resource use and costs

Cost of vaccination

The RZV is offered in a two-dose schedule. In our analyses we assumed that these
are administered within one year. The total vaccination cost within the model
includes the expense of two vaccine doses, as well as the costs associated with
administering each shot. The current tentative price per dose in Sweden is SEK
1,612 (communication GlaxoSmithKline 20230313). This price may be reduced
following price negotiations. We note that in the WHO MI4A vaccine purchase
database there is no price listed for the WHO European region but that the price for
the American region is on average USD 102.4 (48). This corresponds to
approximately 70% of the current tentative price for Sweden, USD 1=SEK 10.6
(average exchange rate 2023 (49)).

For the administration of each dose, a cost of SEK 180 was applied, approximately
30 minutes of healthcare staff time, based on the average salary for nurses in 2022,
SEK 40.500 including social fees (50, 51). It did not include the cost of facilities or
overheads.
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Medical resource use

Primary care need was concordant with the incidence rates since we used primary
care as a proxy for HZ incidence (ICD-10 B02) (4). The proportion of patients
receiving antiviral treatment for HZ was based on the same study as incidence rates
(4), while the risk of Post Herpetic Neuralgia (PHN) and stroke due to HZ came
from earlier publications on the burden of HZ in Sweden (42, 52). The number of
primary care visits for HZ and PHN was based on the estimates used in the two
other Swedish economic evaluations of HZ vaccination (28, 30).

Table 1 Incidence and proportion of patients in need of medical care (4, 42, 52)

Age Incidence Primary Pharmaceutical Primary Pharmaceutical
group per 1000 care HZ, 1 need HZ care PHN, 5 need PHN
individuals visit per visits per
patient patient

50-54 3.4 100% 67% 4.2% 79%
55-59 4.5 100% 67% 5.8% 84%
60-64 5.8 100% 67% 5.8% 84%
65-69 7.0 100% 67% 7.9% 93%
70-74 8.8 100% 67% 7.9% 93%
75-79 9.8 100% 67% 12.3% 85%
80-84 11.3 100% 67% 12.3% 85%
85-89 11.2 100% 67% 13.7% 82%
90-94 10.4 100% 67% 13.7% 82%
95+ 10.2 100% 67% 13.7% 82%

Rates of specialised outpatient care and hospitalisation covering the same 5-year
period as the incidence data (2017-2021) were extracted from the National Patient
Register of Sweden (customised data provided by the database holder) (6). In the
base case analysis, we only considered the cost of admission and specialised
outpatient care where HZ was the main diagnosis as advised by the external expert
group (Appendix A).

Due to the relatively low stroke and mortality rates associated with HZ (6, 42) and
the fact that the majority of cases occur in individuals aged 85 years or older, i.e.
above the average life expectancy in Sweden, stroke and mortality were not
accounted for in the base case analysis but we included the QALY loss due to
stroke and mortality in the sensitivity analysis.

16



Table 2 Incidence and proportion of patients in need of medical care (4, 6, 42)

Age Incidence Specialised In- HZ related HZ related mortality
group per 1000 out-patient patient stroke risk  (primary and
individuals care care contributing)
50-54 3.4 9.0% 0.6% 0.0000% 0.0000%
55-59 4.5 9.6% 0.7% 0.0002% 0.0001%
60-64 5.8 9.6% 0.7% 0.0002% 0.0001%
65-69 7.0 10.4% 1.0% 0.0007% 0.0004%
70-74 8.8 10.4% 1.0% 0.0007% 0.0004%
75-79 9.8 12.1% 2.4% 0.0018% 0.0013%
80-84 11.3 12.1% 2.4% 0.0018% 0.0013%
85-89 11.2 13.5% 5.3% 0.0040% 0.0161%
90-94 104 13.5% 5.3% 0.0040% 0.0161%
95+ 10.2 13.5% 5.3% 0.0040% 0.0161%

Cost of care

The unit cost of primary care visits was taken from the ‘‘Cost-per-patient’ database
(data shared by the statistics unit of the Swedish Association of Local Authorities
and Regions) (53). The unit cost of specialised out-patient care and hospitalisations
was extracted directly from the online records of the same database. Average costs
over the years 2019-2021 were updated to 2023 values, as previously described.
The average cost per visit/admission was multiplied by the average number of
corresponding visits/admissions from the online National Patient Register, and the
source of mean days admitted (6). Information on pharmaceuticals administered
was acquired from national guidelines (31) and the Swedish expert group advice.
The cost of pharmaceuticals was taken from the online pricelist of the Swedish
pharmacy Apoteket AB (the state-owned pharmaceuticals retailer in Sweden) (54).
The model does not account for changes in supportive home care services or
informal care due to HZ as we had no information about the potential impact of HZ
on home care.

Table 3 Medical unit costs (SEK) (6, 53, 54)

Age Primary Drugs HZ Drugs PHN Specialised In-patient Mean
group care (valaciclovir (amitriptylin out-patient care per days
visit 500 mg,42 10 mg, 100 pcs care visit admission admitted
pcs) + 25 mg, 100 to
pcs*3) (a) hospital
50-64 1,843 123 348 5,843 59,997 4.0
65+ 1,846 123 348 7,077 75,019 5.6

(a) Alternative treatments include gabapentin and topical treatment with lidocaine or capsaicin

Productivity losses (indirect costs)

Indirect costs were included in the analysis in the form of productivity losses in
case of illness. The occupational rates by age group were based on year 2022
statistics (55). The cost of productivity losses was calculated on the basis of an
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average monthly salary in 2022 of SEK 33,700 (51) and the statutory employers’
fee of 31.42% (50). This inferred a productivity loss of SEK 44,289 per month, or
SEK 2,109 per working day. The average length of the productivity loss in the
model differed among age groups depending on age-specific disease severity
states. For sick leave due to herpes zoster, the days of illness were based on
available estimates from the literature paired with expert advice (56).

Table 4 Indirect costs (50, 51, 55, 56)

Age group Employment rate Average days sick leave Unit cost per day

50-54 88% 3.5 2,109
55-64 77% 3.9 2,109
65-74 19% 1.0 2,109
75-84 0% 0 2,109
85+ 0% 0 2,109

Health-related quality of life

Table 5 presents the QALY loss applied in the model for each respective age group
and disease (HZ and PHN respectively, with the denominator for both being HZ
incidence) and the resulting total age specific QALY loss per incident case. The
short term QALY loss due to HZO is included in these estimated, however we did
not find data on the long-term QALY loss of HZO-related eye complications,
therefore, this is not included. The utility loss due to different degrees of pain
associated with HZ and PHN was derived from a British study (57). This percentile
utility loss was multiplied with the age-adjusted utility for the general population in
Sweden (58). Furthermore, a UK register study on the burden of PHN was used to
quantify the QALY loss due to HZ and PHN in terms of average duration and
proportional utility loss due to different degrees of pain (8, 59). The QALY loss
associated with HZ-associated stroke was very small due to the low incidence of
HZ-related stroke (42, 60, 61). QALY loss due to HZ-related mortality was
estimated by multiplying years of life lost due to premature death to the age-
adjusted utility in the age group (6, 58). Since mortality associated with HZ is
mainly due to other co-morbidities QALY, QALY loss due to stroke and mortality
was only added in the sensitivity analysis.

Table 5 Average annual QALY reductions per episode (6, 8, 42, 57-61)

Age QALY loss QALY Total QALY QALY loss Total QALY loss
group Hz loss QALY loss mortality per HZ case
(month1) PHN loss per stroke including stroke
HZ case and mortality
50-54 0.007 0.221 0.017 0.00000 0.002 0.017
55-64 0.008 0,214 0.027 0.00001 0.002 0.029
65-74 0.010 0.209 0.035 0.00001 0.004 0.039
75-84 0.011 0.205 0.042 0.00001 0.001 0.043

85+ 0.011 0.201 0.043 0.00000 0.001 0.045
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Tables 6 and 7 list the input parameters used to calculate the QALY loss values
applied in the model.

Table 6 Basis for calculation of QALY loss (8, 57-59)

Age Mean Utility  Utility Utility Mild Mode- Severe Duration
group utility mild moderate severe HZ rate Hz pain HZ
Swedish pain pain (%) pain pain Hz pain without
population (%) (%) pain persisting
pain
(months)
50-59 0.83 0.91 0.71 0.32 24% 4% 8% 1
60-69 0.80 0.91 0.71 0.32 41% 5% 9% 1
70-79 0.79 0.91 0.71 032 41% 5% 9% 1
80-89 0.77 0.91 0.71 0.32 41% 5% 9% 1

Table 7 Basis for calculation of QALY loss (cont.) (8, 57-59)

Age Persisting Mild Moderate Severe Duration Duration Duration
group pain PHN PHN pain PHN mild PHN moderate severe
following pain pain pain PHN pain PHN pain
Hz (months)  (months) (months)
50-59 9%  42% 49% 9% 6.7 10 12.5
60-69 12% 42% 49% 9% 6.7 10 12.5
70-79 17% 42% 49% 9% 6.7 10 12.5
80-89 20% 42% 49% 9% 6.7 10 12.5

The proportions of patients in different age groups with moderate/severe pain in the
UK registry study were in line with the proportion of patients with PHN diagnosis
and/or analgesics prescription in the Swedish study used to assess healthcare cost
associated with PHN (42) (Table 8).

Table 8 Comparison between studies used to estimate PHN-risk and duration in the model
(8, 42)

Age PHN diagnosis/analgesics prescription at Moderate/severe PHN pain at

group month 3 from HZ diagnosis (Swedish month 3 from HZ diagnosis (British
patients, 2008-2010) patients, 2000-2006)

50-59 6% 5%

60-69 6% 7%

70-79 10% 10%

80+ 14% 12%

Sensitivity analyses

In order to investigate the robustness of the results from our analysis, we conducted
several sensitivity analyses as outlined in Table 9.
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Table 9 Parameters varied in sensitivity analyses

Parameter

QALY loss due to HZ and PHN

QALY loss due to HZ-associated
stroke and premature death

Vaccine effectiveness year 1
Waning rate

Compliance rate dose 2

Incidence

Potential vaccine price
following price negotiation

Vaccine administration cost

Cost of care

Added cost of information
campaign during first 2 years

Discount rate QALYs
Discount rate costs

Time horizon

Base case

Values as in Table 5 (8, 57-
59)

Not included

97.7% (17, 43, 44)
3.2% (exponential) (17)
100%

Incidence from VGR 2017-
2021 (4)

Current tentative price (SEK
1,612)

SEK 180 (50, 51)

Unit costs from
national/regional cost
database (53)

Not included

3% (36)
3% (36)
Lifelong (until age 99)

Budget impact analysis

Based on output from the cost-effectiveness model, we present an assessment of

Alternative values in
sensitivity analyses

Values used by Wolff 2021 (28)
from (57)

Values used by Nystrand 2023
(30) from (8, 57, 59)

Values as in Table 5 (6, 42, 58,
60, 61)

79% (18-21)
1.5% / 6.5%

85% (with vaccine effectiveness
at 58% after 1 dose) (18)

Incidence from VGR 2008-2010
(slightly lower) (42)

70%, 50%, 30%, 10% of
current tentative price

SEK 90, SEK 360
50%, 200%

SEK 20 million (62)

0%, 5% (36)
0%, 5% (36)

10 years (length of vaccine
follow-up from the clinical
studies (17)

cost and potential cost-savings of an HZ vaccination programme at regional and

national levels.

The budget impact of a vaccination programme is presented as an annual cost of

providing vaccination to one age cohort (65-year-olds). The population size is
based on the average cohort of 65-year-olds during the years 2017-2021. The
budget impact is presented with different vaccine price assumptions (70%, 50%,
30% and 10% of the current tentative price and different coverage rates (50%,
60%, 70% and 80%). The estimation includes the administrative cost of giving the

vaccine but no other programme implementation costs, such as training of
healthcare staff and public information campaigns. The budget impact of future
years is not discounted (63). We also estimate the budget impact of a phased
implementation for individuals aged 65 and older. In this budget we assumed

increasing coverage rates with age in line with what is seen for influenza
vaccination in the elderly (47).
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Result

Cost-effectiveness

Base case results

We estimated the lowest cost per QALY gained to be associated with the
vaccination of 65-year-olds to 75-year-olds, both from a societal and health system
perspective, when we modelled a vaccination programme offered to different age
cohorts. From a societal perspective, the estimated costs range from SEK
1,150,000 to 1,180,000 per QALY gained based on the current tentative vaccine
price of SEK 1,612 per dose (Figure 2).

Figure 2 Modelled cost per QALY gained for vaccination of different age-cohorts (using the
current tentative vaccine price of SEK 1,612)

2,500,000
==@==Provider perspective - lifelong time horizon
2,097,456 ==g==Societal perspective - lifelong time horizon
2,000,000
1,927,855
1,876,148 1,664,041
1,500,000 1,433,765
1,426,058
%5 / 1,201,069
0 1,308,988
1,000,000 1,148,012 1,177,899 1,161,944
500,000
0
Age at vaccination 30 55 60 65 70 75 80 85

The total cost of a vaccination programme where 65-year-olds would be offered
vaccination with a coverage rate of 60% was calculated to SEK 237 million, using
the tentative vaccine price of SEK 1,612 per dose in the estimation. Total societal
net costs over the length of the modelled period were SEK 204 million compared to
a cost of SEK 70 million in a scenario without vaccination.

The total number of QALY saved over the 35 years modelled was estimated at
178. The cost per QALY gained from a societal perspective was estimated at SEK
approximately 1,150,000 per QALY gained and from a health system perspective
at SEK 1,200,000 per QALY gained.
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Table 10 Total programme costs and cost consequences, 35-year time horizon, vaccination
of adults aged 65 (million SEK), Cost/QALY (SEK)

Category No Vaccination Difference Cost Share of

vaccination difference cost-
savings

Cost of vaccination 237 237 +100%

programme

Direct costs of illness 53 30 -23 -43% 71%

Indirect costs of iliness 17 7 -9 -56% 29%

Total costs 54 267 214 +399%

(health system)

Total costs (societal) 70 275 204 +290%

Total QALYS -391 -213 178

Cost/QALY (health SEK

system perspective) 1,201,000

Cost/QALY SEK

(societal perspective) 1,148,000

Sensitivity analyses

If price negotiations were to reduce the vaccine cost to 70% of its current tentative
price, the cost of vaccination per QALY gained from a societal perspective for the
age cohorts from 65 to 75 years would be around SEK 800,000 per QALY gained
according to our model estimates. If the vaccine price was reduced to 30% of the
current tentative price, the cost per QALY gained would be SEK 500,000 or less
for the age cohorts from 50 to 80 years. At this price level the cost per QALY
would be around SEK 600,000 for the 85-year-olds.

Figure 3 Modelled cost per QALY gained for vaccination of different age cohorts and
tentative vaccine prices

SEK
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Figure 4 presents the modelled cost per QALY gained with the two different
assumptions of vaccine effectiveness: the efficacy measured in the clinical trials
and that from the pooled observational studies, with an assumed price reduction to
30% of the current tentative vaccine price. The estimated costs per QALY gained
were, as previously presented, below SEK 500,000 for the 50-80 year-olds when
we used the clinical trial vaccine efficacy. When we used the vaccine effectiveness
from the observational studies in the model, the cost per QALY gained was
estimated at approximately SEK 500,000 for the 60-75 years age cohorts. The cost
per QALY gained was estimated at approximately SEK 600,000 for the 80-year-
olds and at approximately SEK 800,000 for the 85-year-olds.

Figure 4 Modelled cost per QALY gained for vaccination of different age cohorts, vaccine
price 30% of tentative price (SEK 484), vaccine effectiveness year 1, 97.7% and 79%
respectively
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500,000
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0
Age at vaccination 50 55 60 65 70 75 80 85

Figures 5-7 provide an overview of how variation in key input parameters in
relation to health outcomes (QALY5s), vaccine effectiveness, programme design,
costs and model design would change the cost per QALY for the 65, 75, and 85-
year-old cohorts. The vertical line in the figure illustrates the cost per QALY of the
base case analysis and the green and purple staples show how much the cost per
QALY is affected by a change in the listed variable. The sensitivity analyses
demonstrated that the model results are highly sensitive to different assumptions of
the QALY loss caused by HZ, primarily driven by the uncertainty of QALY loss
due to PHN. We compared our assumption of QALY loss with the estimates used
in two previously published economic evaluations of HZ vaccination programmes
in Sweden. When we applied the QALY loss per age group used in the economic
evaluation of the zoster vaccine live (ZVL) from Wolff et al (28) (QALY loss from
a modelling done by the UK Health Protection Agency (57)), the estimated cost per
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QALY gained for 65-year-olds decreased to SEK 487,000 in our model. On the
other hand, when we applied the same QALY loss estimates as used in the
economic evaluation of the RZV published by Region Stockholm in 2023 (30),
which used similar data sources for QALY loss as those we used in our analysis (8,
59) but applied to a different age-adjusted baseline utility (64), the cost per QALY
gained for the same group increased to SEK 1,686,000/QALY. The differences are
even more accentuated in older age cohorts as the variation in assumptions
concerning QALY loss associated with PHN increases with increasing age (Figures
4 and 5).

Shifting our focus to the assumptions related to vaccine effectiveness, by changing
the year 1 effectiveness from the clinical efficacy of 97.7% reported from the
clinical studies (17, 43, 44) to 79%, the average effectiveness in pooled data from
the USA observational studies (18-21), the vaccination cost per QALY gain
increased to approximately SEK 1,600,000 for 65-year-olds and to SEK 1,400,000
for 75-year-olds. Different assumptions regarding the vaccine effectiveness waning
rate also influenced the results but to a lesser degree.

As already outlined above, we see that the cost per vaccine dose highly influences
the cost per QALY. The sensitivity analyses also investigated the impact of varying
the discount rate for QALY and cost as well as using a shorter time horizon of 10
years instead of until age 100 years or death. Ten years is in line with the
maximum published follow-up time of the vaccine to date.

Figure 5 Sensitivity analyses 65-year-old cohort (base case cost per QALY gained SEK
1,148,012)

Cost/QALY (SEK)  MLower than base case M Higher than base case
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Discount rates QALYs 0%, costs 0% 782,102 [
Discount rates QALYs 0%, costs 3% 812,767 (N
Discount rates QALYs 5%, costs 5% B 1393007

Time horison 10 years _ 1,762,220
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Figure 6 Sensitivity analyses 75-year-old cohort (base case cost per QALY gained SEK
1,161,944)

Cost/QALY (SEK) MLower than base case M Higher than base case
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Figure 7 Sensitivity analyses 85-year-old cohort (base case cost per QALY gained (y-axis)
SEK 1,927,855)

Cost/QALY (SEK) MLower than base case B Higher than base case
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Budget impact

Distribution of cost and cost-savings at regional and national levels

We assume that the cost of vaccination would be funded from the regional
healthcare budgets. A vaccination programme would result in a decrease in
healthcare resource utilisation due to HZ, but these cost-savings would be
considerable lower than the cost of vaccination at the current tentative price of the
vaccine. The cost-savings due to reduced productivity losses would affect the
national accounts, but this would be relatively limited for a programme targeted at
individuals aged 65 years or older although this may be change over time in those
under 70 years with increased retirement age (Figure 8). We have not considered
any costs or cost-savings at the municipal level in our model.

Figure 8 Overview of cost and cost-savings as a result of a vaccination programme for 65-
year-olds with a 60% coverage rate at regional and national levels

Total SEK during
35-year model B Regional healthcare budget ®National accounts

horizon

250,000,000

200,000,000

150,000,000

100,000,000 -

50,000,000 -

-50,000,000
Cost vaccination Cost-savings - less HZ Cost-savings - less
programme healthcare needs productivity losses

Table 11 presents the discounted cost and cost consequences extracted from the
model at different time periods. Since the cost of the vaccination programme and
averted productivity losses occur only during the first and first five years
respectively these remain the same for all time periods. Due to the discount rate
applied in the model, the averted health care costs per year diminishes over time.
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Table 11 Discounted cost and cost-savings from a societal perspective as a result of a
vaccination programme for 65-year-olds, with a 60% coverage rate, at regional and national
levels at different time horizons (million SEK)

Cost category Cumulative Cumulative Cumulative Cumulative
year 5 year 10 year 20 year 35
Cost vaccination programme 237 237 237 237
Averted healthcare costs -8 -14 -22 -23
Cost difference regional level 229 223 215 214
Averted productivity losses -9 -9 -9 -9
Cost difference national level -9 -9 -9 -9
Total cost difference 220 214 206 204

Vaccination programme budget estimation

The budget impact of an HZ vaccination programme for 65-year-olds is presented
in Table 12, assuming different costs of the vaccine and different vaccine coverage
rates. For example, if the price of the vaccine was halved to around SEK 806 per
dose, the cost of vaccinating 65-year-olds with a coverage rate of 60% would be
SEK 130 million. The budget impact models do not include the cost of information
campaigns, which may amount to an estimated SEK 20 million (62). This cost
would likely decrease over time with increased awareness among the population
about the vaccine programme.

Table 12 Estimated annual cost of a vaccination programme for 65-year-olds (a) (dose 1
and 2 during the same year (b)) at percentage rates of the current tentative vaccine price
(b) (million SEK)

Expected Tentative 70% of 50% of 30% of 10% of
coverage vaccine vaccine vaccine vaccine vaccine

rate price price price price price

50% 197 144 109 73 38
60% 237 173 130 88 45
70% 276 202 152 102 53
80% 316 231 174 117 60

(a) Population size (average 2017-2021): 110,165 65-year-olds
(b) The vaccine administration cost was set to SEK 180 per dose in all estimates

Table 13 presents the estimated budget impact of a phased implementation for all
individuals aged 65 year and older, with a suggested start of the oldest as has been
recommended by the National Council on Medical Ethics, although the cost per
QALY is higher for this group. The expected coverage rates are based on what is
seen for influenza vaccination for the elderly (47). The total cost over the five years
was estimated at SEK 5.6 billion at the current tentative vaccine price and at SEK
2.1 billion if the vaccine price was to be reduced to 30% of the current tentative
vaccine price.
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Table 13 Estimated cost of a phased implementation for individuals aged 65 or older (dose 1
and 2 during the same year (a)) during a 5-year period (SEK million)

Age groups (b) Expected Tentative 70% of 50% of 30% of 10% of

coverage vaccine vaccine vaccine vaccine vaccine
rate price price price price price
Year 1: 82+ 70% 1,032 754 568 382 197
years old
Year 2: 77-82 70% 1,032 754 568 382 197
years old
Year 3: 73-77 65% 1,163 849 640 431 221
years old
Year 4: 69-73 60% 1,195 873 658 443 228
years old
Year 5: 65-69 60% 1,173 856 645 434 223
years old
Total cost 5,596 4,086 3,079 2,072 1,065

(a) The vaccine administration cost was estimated at SEK 180 per dose
(b) Based on the average population 2017-2021. There is an overlap in age between the groups due to the phased
introduction
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Discussion

Our base case analysis indicates that the cost per QALY gained for the age cohorts
65-75 years old is around SEK 1,150,000 - 1,180,000 from a societal perspective.
This is classified as a very high cost per QALY gained according to the methods
guidelines used by the National Board of Health and Welfare (32). However, cost-
effectiveness ratios as high as this have been approved for pharmaceuticals in
exceptional cases (65). At a cost of approximately 30-40% of the current tentative
vaccine price - when provided to individuals in the age interval 50-80 years - the
cost per QALY gained would come down to a moderate level (below SEK
500,000) according to the same guidelines. For the oldest age cohort evaluated, 85-
year-olds, the cost per QALY would be classified as high (approximately SEK
600,000) at 30% of the tentative vaccine price.

If we assume a lower real-life vaccine effectiveness, in line with what has been
reported in observational studies in the USA population (79% year 1 instead of
97.7%), at a vaccine cost of 30% of the current tentative vaccine price, the cost per
QALY gain would be around SEK 500,000 for the age cohorts of 60 to 75 year-
olds. For 80 to 85-year-olds it would be SEK 600,000-800,000 per QALY gained.

It is important to point out that our base case results are very sensitive to the QALY
loss applied in the model associated with HZ, particularly the QALY loss resulting
from PHN. A meta-analysis of PHN burden of illness concludes that PHN affects
5-30% of HZ patients (9); hence the span of assumed QALY loss is a result of the
variation across studies both of PHN incidence and the measurement of the degree
and duration of pain associated with PHN. Consequently, this has resulted in a
wide range of assumptions in previous HZ studies, leading to a fourfold variation
in QALY loss due to HZ in previous economic evaluations of ZVL vaccination
(66).

A recently published cost-effectiveness analysis of a RZV vaccine introduction in
Region Stockholm from a health system perspective estimated a cost per QALY
gained in the same range as our analysis, at SEK 1,190,000-1,320,000 for 65 to 74-
year-olds in an analysis using the vaccine effectiveness of clinical studies,
increasing to 1,530,000-1,680,000 when applying the vaccine effectiveness from
observational studies (30).

To date, the RZV has been recommended to the general elderly population in a few
European countries. In the UK, where a vaccine programme with the ZVL has been
in place since 2013, the recommendation was changed to the RZV in 2023. A
phased introduction started in September 2023 is planned over a 10-year period
(23). Thereafter, the vaccine will be offered at age 60. The German Standing
Committee on Vaccination recommended vaccination with RZV in 2019. The cost-
effectiveness analysis that was part of the decision concluded that vaccination at
age 65 years resulted in the lowest cost per QALY of the age cohort considered, at
EUR 24,000, based on a tentative vaccine price of EUR 84 (26). The vaccine
uptake in the first years has been approximately 10% of the population aged 60

29



years or above in Germany (27). The RZV has been recommended in Spain since
2021 for individuals aged 65 years or older (25), based on a cost-effectiveness
analysis from 2018 that estimated the cost per QALY gained at EUR 6,930 with
vaccination of individuals aged 65 years and at EUR 8,578 with vaccination of 75-
year-olds (67). The recommendation proposed a phased introduction, depending on
availability, vaccinating one age cohort per year, starting with 80-year-olds, down
to 65-year-olds. A vaccine price of EUR 81 per dose was assumed in the analysis.
In a Belgian Health Technology Assessment published in 2022, the data on cost-
effectiveness were based on an analysis that estimated a cost per QALY gained
which ranged between EUR 87,000-108,000 for the age cohorts 50-80 years, with a
tentative vaccine price of EUR 140. They concluded that the price needed to be
reduced to EUR 37.5 in order for the vaccine to be cost-effective (against a EUR
300,000 per QALY threshold in Belgium) for 50-year-olds (59, 68). The RZV has
been recommended for all individuals aged 50 years or older in Canada since 2018
(24). The decision was based on an analysis, published in 2019, which estimated
that the vaccination of individuals 50+ with the RZV would range from cost-saving
to a cost per QALY of CAD 26,000 (SEK 215,000) at a vaccine price in the range
of CAD 100-200 (SEK 800-1,600) (69). However, there have been implementation
concerns due to the large budget impact of funding the vaccine to the population 50
years and older (27).

Thus, in summary, cost-effectiveness analyses have resulted in quite diverse cost
per QALY assumptions, from cost-saving in Canada for certain age groups, a cost
per QALY of less than SEK 100,000 in Spain, a cost per QALY of around SEK
250,000 in Germany to a cost per QALY in the range of SEK 1,000,000 in
Belgium. The QALY loss assumptions seem to be an important factor influencing
the results, where the Belgian analyses use the same burden of disease study (8) to
estimate QALY loss from PHN as our study, as well as the study from Region
Stockholm (30). Furthermore, different vaccine prices have been used in published
models since national list prices were not available at the time of several of the
analyses. Furthermore, the high budget impact of offering vaccination to the entire
elderly population in a country is an issue, which may result in substantial costs
during the first years if vaccination is not phased in over several years, for example
as will be the case in Spain and the UK.

The annual budget impact of a vaccination programme for 65-year-olds in Sweden
was estimated to approximately SEK 240 million with the current tentative vaccine
price and to approximately SEK 90 million at 30% of the current tentative vaccine
price, assuming a 60% vaccine coverage rate in both cases. We estimated that a
vaccination offer to the entire population aged 65 years and older would amount to
around SEK 5.6 billion with the current tentative vaccine price. If the vaccine price
were reduced to 30% of the tentative price the total cost of offering vaccination to
all individuals aged 65 or older would be approximately SEK 2.1 billion, or in the
range of SEK 400 million per year if vaccination eligibility was to be distributed
over a 5-year period with the vaccine offered to different age groups.
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Individuals that are immunocompromised due to disease or treatment, aged 18 or
older, incur a risk of herpes zoster in line with or higher than that of the elderly.
We have not assessed the cost-effectiveness of a vaccination programme for this
group due to its heterogeneity in terms of disease risk, vaccine effectiveness and
age. Few cost-effectiveness analyses have been published for this group (70).
However, the US Centers for Disease Control and Prevention has published an
economic evaluation looking at different immunocompromised patient groups aged
19-49 years. The study concluded that RZV vaccination range from cost-saving to
a cost of around USD 200,000 per QALY depending on the patient condition (71).

The limitations of this health economic analysis include the fact that the RZV is
relatively new, there is only long-term follow-up data for 10 years, the uncertainty
associated with PHN-associated QALY loss and that of other sequelae such as
stroke and HZO. A limitation on the cost side is that we did not have data that
allowed us to include potential costs of changes in home care service needs due to
HZ and PHN.

To conclude, our analysis estimated that an HZ vaccination programme using the
RZYV vaccine would incur a very high cost per QALY in the Swedish context with
the current tentative vaccine price. The budget impact of offering vaccination to the
entire population aged 65 years or older would be considerable, therefore
implementation might need to be offered in a phased manner over a number of
years.
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