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ABSTRACT

Objectives In 2013, the herpes zoster (HZ) immunisation
programme was introduced in the UK, recommending
vaccination of adults 70 years of age (YOA) with the zoster
vaccine live (ZVL), the only vaccine available at the time.
The recently approved adjuvanted recombinant zoster
vaccine (RZV) has a substantially different clinical profile
that may offer additional benefits. This study aimed to 1)
assess the public health impact (PHI) of introducing RZV in
the UK compared with the current vaccination strategy and
2) explore via scenario analyses the optimal age group of
vaccination in terms of PHI.

Design A previously developed health economic model
was adapted to the UK setting.

Setting Calculations were based on efficacy data from
pivotal clinical trials, HZ incidence and postherpetic
neuralgia (PHN) probability from a UK study and HZ-
associated complication rates from published literature.
Population The base-case population considered a
2018-projected UK vaccination cohort of individuals 70
YOA.

Interventions Vaccination with ZVL or RZV, assuming a
first-dose coverage of 48.3% for both vaccines and 70%
compliance for the second dose of RZV.

Outcome measures Outcomes included reduction of HZ
and PHN cases, complications and the use of healthcare
resources over a life-time horizon. The impact of coverage
and second-dose compliance was also explored.

Results Compared with no vaccination, RZV would lead
to a reduction of 30262 HZ and 5409 PHN cases while
ZVL would lead to a reduction of 7909 HZ and 3567 PHN
cases. The number needed to vaccinate to prevent 1 HZ
case is 12 with RZV and 45 with ZVL. The highest PHI with
RzV could be achieved in individuals 60 or 65 YOA.
Conclusion Under the model assumptions, RZV is
predicted to avert more HZ and PHN cases compared with
ZVL. Results were robust under different scenario and
sensitivity analyses.

INTRODUCTION

The varicella zoster virus (VZV) usually affects
children and leads to varicella, also known as
chickenpox. The virus remains dormant life-
long in patients’ dorsal root ganglia." Later

Strengths and limitations of this study

» The most recent UK-specific data from published lit-
erature is included in the ZOster ecoNomic Analysis
model.

» Model structure and inputs have been validated by
external experts.

» Results of this analysis estimates the impact of a
recombinant zoster vaccine (RZV) programme in the
UK population in 2018.

» Further analyses have to be performed once long-
term effectiveness data become available on the
duration of protection of RZV.

» Assumptions regarding second-dose compliance
had to be made in absence of real-world data.

in life, VZV-specific T-cell immunity decreases
due to immunosenescence or immunosup-
pressing illnesses or medications. Reactiva-
tion of VZV results in herpes zoster (HZ), also
called shingles.”” Over 95% of individuals will
have acquired VZV during their childhood
or early adulthood.*® Approximately one in
three people will develop HZ during their
lifetime with the risk increasing sharply after
the age of 50 years of age (YOA), leading to
an estimated 5HZ episodes per 1000 people
in the UK, each year.”™ Similar incidence
rates were reported in other European coun-
tries and elsewhere.? Furthermore, results
from observational studies suggest that HZ
incidence has risen during the past decade in
various countries and is predicted to continue
to rise as the average age of the population
increases.”” '

HZ tends to start with prodromal pain,
followed by a dermatomal rash which is
usually unilateral and develops typically over
the trunk or face. Rash is often accompanied
by severe pain. Skin lesions and pain usually
disappear completely within 4-6 weeks.
Postherpetic neuralgia (PHN), often defined
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as pain persisting or appearing 30-90 days after rash
onset, is the most common complication which can last
from several weeks to months.® ' Even though mortality
due to HZ infection is low, HZ greatly affects quality of life
(QoL) in terms of physical and social functioning and the
well-being of the patients.'* Furthermore, severity of pain
strongly correlates with the reported QoL."" ' Current
treatment options, which mainly rely on antivirals, anal-
gesics and antidepressants, provide only partial symptom-
atic relief and limited protection against the development
of PHN and other complications. Thus, the impact of the
disease on patients' QoL is not adequately managed with
existing interventions.

In the UK, the Joint Committee on Vaccination and
Immunisation (JCVI) recommended universal mass
vaccination (UMV) for HZ using zoster vaccine live (ZVL;
Zostavax),'* the only vaccine available at the time the
UMV programme was introduced in 2013. ZVL is a live-at-
tenuated virus vaccine indicated for the prevention of HZ
and, in Europe, of PHN in individuals >50YOA."® Vaccine
efficacy (VE) against HZ (VE ) of ZVL in the shingles
prevention study (SPS) was 63.9% in individuals 60-69
YOA and 37.6% in individuals >70YOA." '® Long-term
clinical trial data and observational effectiveness studies
showed that VE of ZVL decreased substantially over time
conferring little or no protection against HZ beyond 8
years after vaccination.'” '®

Even though ZVL is indicated in individuals 250YOA,
the JCVI recommended vaccination with ZVL at 70 YOA
(and a catch-up vaccination for people 78 YOA), based
on clinical trial data and an economic model showing
that vaccination at 70 YOA would be the most cost-ef-
fective option given that the burden of disease increases
with age, while VE of ZVL decreases in older individuals
and over time.” '* A further limitation to the indicated
use of ZVL in individuals 250 YOA is its contraindication
in primary or acquired immunodeficiency states due to
blood disorders or other types of cancer, infection with
HIV or due to high-dose immunosuppressive therapy.'” '
A proportion of individuals would therefore not be able
to receive ZVL.*

A novel adjuvanted recombinant zoster vaccine (RZV,
Shingrix) has been granted marketing authorisation by
the European Medicines Agency (EMA) and is indicated
for use in individuals 250YOA. RZV is a non-live vaccine
consisting of the VZV glycoprotein E, a prominent antigen
target of VZV-specific CD4+ T-cell immune responses, and
AS01, adjuvant system, which boosts immunogenicity and
duration of the immune response.”’ RZV is administered
in two doses 2—6 months apart. Because RZV is a non-live
vaccine, it is not contraindicated in immunocompro-
mised (IC) individuals. While at this point in time, there
is only limited data available regarding the use of Shin-
grix in subjects with confirmed or suspected immunosup-
pressive or immunodeficient conditions, further studies
are ongoing. As with other vaccines, the administration
of Shingrix to IC subjects should be based on careful
consideration of potential benefits and risks.** Two large,

phase III trials, that is, the Zoster Efficacy Studies in
Adults 50 and 70 YOA or older (ZOE-50 [NCT01165177]
and ZOE-70 [NCT01165229], respectively) demonstrated
high VE,, of RZV in all age groups; VE , was 97.2% in
individuals 250YOA included in the ZOE-50 study and
91.3% in individuals >70YOA included in the ZOE-50
and ZOE-70 studies.”® ** VE persisted over the 4-year dura-
tion of the clinical trial.**

The objective of this study is to explore the public
health impact of introducing RZV in the UK in the routine
population 70 YOA. The effect of RZV and ZVL on HZ
and PHN incidence, complications and health resource
utilisation is compared with no vaccination. Different
scenario analyses are carried out to assess the impact of
first-dose RZV coverage and second-dose RZV compli-
ance and to determine the optimal age for vaccination.

METHODS

Patient and public involvement

Patients or public were not involved as the analysis is
based on mathematical modelling.

Model structure

The ZOster ecoNomic Analysis (ZONA), a static multi-
cohort Markov model previously developed using Micro-
soft Excel, was adapted to the UK setting. The economic
model considers up to five various age cohorts that can
transition between different health states, including no
HZ, HZ, health states associated with complications of
HZ (PHN and non-PHN complications) and death from
HZ or natural causes.” Cycle length is set to 1year and
follows all subjects from the year of intervention over
their remaining lifetime. The model has three different
arms, having the same yearly model structure: no vacci-
nation, vaccination with RZV and vaccination with ZVL.
Within the vaccine strategy, individuals can be fully
compliant with the vaccine dosing schedule, only partially
or not vaccinated at all (depending on the compliance
rate). Further details regarding the model structure are
reported in the online supplementary information (SI)
figure 1 and in the study by Curran et al.*®

Model input parameters

Wherever possible, UK-specific data were used. Efficacy
data for RZV and ZVL were derived from pivotal clinical
trials conducted for ZVL and RZV.'® % 2* 2% Both model
structure and global inputs such as VE and waning were
validated with an external expert panel (epidemiologists,
clinicians and health economists with a background in
HZ) in September 2016.

Demographics

Populations in the model are projected to 2018 values.
The base-case population consisted of the routine vacci-
nation cohort 70 YOA. Based on projections by the Office
of National Statistics (ONS),27 the predicted population
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Figure 1 Impact of increasing RZV coverage to 70%.
Additional HZ and PHN cases avoided (light blue bars)
comparing RZV vs no vaccination in people 70 YOA. Second-
dose compliance for RZV was set to 70%. HZ, herpes

zoster; RZV, adjuvanted recombinant zoster vaccine; PHN,
postherpetic neuralgia; YOA, years of age.

numbers in the routine cohort of 70 YOA is 722 616, in
2018. Different age cohorts were modelled for use in
scenario analyses (table 1).

All-cause mortality rates were derived from ONS data
projected to the year 2018/2019 (online SI table 1).%

Epidemiology
HZ incidence
HZ incidence was derived from a recent UK Clinical Prac-
tice Research Datalink (CPRD) study, which assessed the
incidence of HZ in immunocompetent (IC4ree) and IC
individuals between 2000 and 2012%® (online SI table 2).
The CPRD database study presents the most recent real-
world data on HZ incidence and was therefore consid-
ered the most appropriate source for this parameter. The
ICAree and IC population were matched by age, gender
and location of general practitioner (GP) and the propor-
tion of IC individuals was adjusted in the whole popula-
tion to account for an increase in immunodeficiencies in
older individuals. In the age group 70-79 YOA, 35% of
individuals had primary or acquired immunodeficiency
and a subgroup of this IC population is contraindicated
to receive ZVL. Incidence numbers were converted to
annual probabilities of developing HZ (table 1). Lower
and upper ranges of probabilities for HZ incidence in
the whole population were obtained from published data
since it was not possible to derive it from the split IC and
ICree data set analysed in the CPRD study’ (online SI
table 3).

Incidence rate of recurrent HZ is assumed to be the
same as the incidence of the initial event. This assump-
tion is supported by published data which indicates that

Table 1 Demographic, epidemiological and efficacy data according to age group
Age 50 YOA 60 YOA 65 YOA 70 YOA 80 YOA
Number of people 908255 783067 686215 722616 389107
in age group in
2018
HZ incidence per IC 6.85 8.80 9.93 11.32 12.61
1000 individuals | _free 4.9 6.92 8.62 11.04 11.02
Proportion 11.42 13.89 15.71 17.12 20.42
developing PHN
(%)
Non-PHN Ocular 2.87 3.82 3.82 414 5.41
complications Neurological 2.46 3.17 3.17 5.99 4.23
incidence (%)
Cutaneous 1.74 1.05 1.05 2.09 2.44
Other 2.03 1.63 1.63 2.44 2.85
HZ vaccine RzvV 98.4 (95-100)  98.4 (95-100) 98.4 (95-100) 97.8 (94.1-100)  97.8 (94.1-100)
efficacy, % Two doses
(range) RzvV 90.0 (58.9-98.9) 90.0 (58.9-98.9) 90.0 (58.9-98.9)  69.5 (24.9-89.1)  69.5 (24.9-89.1)
One dose
ZVL 69.8 (54.1-80.6) 63.9 (56.0-71.0) 63.9 (56.0-71.0)  40.85 (28.0-52.0) 18.25 (0-48.0)
PHN vaccine RzV 98.4 (95.0-100) 98.4 (95.0-100)  98.4 (95.0-100)  97.84 (94.1-100) 97.84 (94.1-100)
efficacy, % Two doses
(range) RzV 90.0 (58.9-98.9) 90.0 (58.9-98.9) 90.0 (58.9-98.9)  69.5 (24.9-89.1)  69.5 (24.9-89.1)
One dose
ZVL 69.8 (30.8-89.6) 65.69 (25.4-84.2) 65.69 (25.4-84.2) 73.38 (51.6-85.8) 39.51 (0-73.8)

HZ, herpes zoster; IC, immunocompromised; IC-free, immunocompetent; PHN, postherpetic neuralgia; RZV, adjuvanted recombinant zoster
vaccine; YOA, years of age; ZVL, zoster vaccine live.
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the incidence rates of initial and recurrent HZ events are
similar.2 %30

PHN probability

PHN is defined as pain appearing or persisting for >3
months after initiation of HZ. PHN incidence was derived
from published data.® *' Gauthier et al derived PHN
incidence from the CPRD in the population excluding
patients with underlying IC conditions using prescription
medication records on top of PHN codes to identify these
episodes. Forbes et al reported odds ratios of developing
PHN for people with HIV and haematopoietic stem cell
transplantation compared with ICfree population and
these data were used in combination with data reported
by Gauthier et al to model the proportion of PHN cases
following an episode of HZ in the general population
(table 1, online SI table 4). As for HZ, the model assumes
that the incidence of recurrent PHN is the same as for
first-time PHN.

HZ-related mortality

Values for HZ-associated mortality are based on published
literature™ (online SI table 5). The study by Edmunds et
al was the only report including a granular breakdown
of HZ case fatality rate by age group in the UK and was
therefore considered to be the most appropriate source
for HZ-associated mortality. The published data are
based on the population of England and Wales. However,
increasing mortality with increasing age is consistent with
observations from studies conducted in other countries™
and it is assumed that these rates apply to the entire UK
population.

Non-PHN complications

A wide range of complications other than PHN can occur
in people experiencing an episode of HZ and could have
a substantial impact on the burden of the disease. In
the model, four main categories of complications were
included, that is, ocular, neurological, cutaneous and
other non-pain complications. Probabilities of devel-
oping these complications after the initial HZ episodes
were taken from published literature® (table 1).

Hospitalisation and GP visits due to complications

The CPRD study was used to derive the proportion of
patients being hospitalised or visiting their GP due to
HZ-related complications.28 Hospitalisation rates were
higher in the IC cohort for all age groups. In addition,
healthcare resource use was higher in older adults
(online SI table 6 and 7).

Vaccine efficacy and safety

Efficacy

VE against HZ and PHN (VE , and VE_,, respectively)
were derived from the SPS trial and the Zoster Efficacy and
Safety Study for ZVL and from the ZOE-50 and ZOE-70
trials for RZV'® #2420 (taple 1, online SI table 8). VE for
RZV is based on a two-dose schedule given 2 months apart.
However, compliance with second dose RZV is likely to be

lower than 100%, as such there is a cohort of individuals
who are only vaccinated with one dose. Therefore, effi-
cacy data for one-dose RZV were analysed post hoc based
on limited clinical data from individuals in the ZOE trials
receiving only one-dose RZV.*

Waning for both vaccines was modelled by linear
fitting, using data from the above-mentioned trials as
well as from the long-term persistence study (LTPS) for
ZVL.® For RZV, waning rates were assumed to be 1%
(range: 0%—2.6%) during the first 4 years after vaccina-
tion and 2.3% (range: 0.7%-4.6%) thereafter in individ-
uals <70YOA. In the population 270 YOA, waning rate was
assumed to be constant over time at 3.6% (range: 1.4%—
6.6%).” For ZVL, the model indicated a waning rate of
5.4% (range: 4.5%-6.4%) during the first 4 years after
vaccination and 5.1% (range: 4.1%-6.0%) thereafter in
all age groups'’® (online SI table 9).

Coverage and compliance

In the base-case analysis, coverage is set at 48.3% in line
with latest coverage numbers for the UK.*’ The impact
of different coverage rates was assessed in sensitivity anal-
yses. Compliance with the second dose of RZV was set to

70%.

Outcomes
The model was used to estimate the avoidance of HZ and
PHN cases, complications, deaths, GP visits and hospital-
isations cases for three different vaccination strategies,
that is, vaccination with RZV, vaccination with ZVL and
no vaccination.

The number needed to vaccinate (NNV) to avert one
case of HZ and PHN was also evaluated by applying the
following calculation:

NNV = control cases ! vaccinated cases
(vaccinared persons) - (vaccinated persons)
Scenario analyses
Different scenario analyses were carried out where
assumptions regarding vaccination coverage and compli-
ance and age at vaccination were changed.

In a first scenario analysis, the impact of increasing
coverage of RZV to 70% was explored. A higher coverage
of 70% in the UK was deemed plausible considering that
a) the influenza vaccine uptake in people =65 YOA was
70.5% in 2016,/2017°* and b) in the absence of a contra-
indication, vaccinators might not hesitate to administer
the vaccine in IC individuals.

In a second scenario analysis, the second-dose compli-
ance was varied, assuming a lower limit of 60% and an
upper limit of 89% reflecting the lowest 10th percentile
of the clinical trial second-dose Compliance.25

Finally, the impact of changing the vaccination age on
health outcomes was explored. VE is in general higher in
younger individuals favouring early vaccination. On the
other hand, duration of protection decreases over time
and burden of disease (severity and duration of HZ and
PHN) is higher in older individuals, favouring vaccination
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atan older age.” The relative balance of these factors may
be different in case of ZVL and RZV, leading to different
conclusions regarding optimal vaccination age.

Sensitivity analyses

Deterministic sensitivity analyses (DSA) were conducted
to test the robustness of the results subject to changes in
input parameters. To this aim, HZ and PHN incidence
rates, VE and waning rates for both vaccines, incidence
rate of HZ-related complications and vaccine-related
adverse events, coverage and second-dose compliance
were varied in one-way sensitivity analyses according to
predefined ranges. Tornado diagrams were used to illus-
trate parameters that had the largest impact on HZ cases
avoided.

Probabilistic sensitivity analysis (PSA) was carried out
to assess the variability of results when changing param-
eters concomitantly using Monte Carlo simulation (5000
simulations). Each parameter could be attributed a value
within its predefined range and according to the assigned
probability distribution. A beta-distribution was used
for all parameters except for vaccine coverage, which
followed a uniform distribution. Age-specific incidence
parameters which varied across age groups were assumed
to be correlated using a correlation of 0.5. The results of
the PSA are presented using a histogram displaying the
HZ cases avoided with RZV compared with ZVL.

RESULTS

Base-case analysis

In the base-case scenario (cohort 70 YOA), RZV reduced
the number of HZ and PHN cases by 30262 and 5409,
respectively, compared with no vaccination. ZVL led to

a reduction of 7909 HZ and 3567 PHN cases (table 2).
Vaccination with RZV reduced the number of HZ-related
complications and the health-resource use (table 2).
There were few HZ-related deaths; compared with no
vaccination, RZV prevented eight HZ-related deaths
while ZVL prevented none. The NNV to prevent one case
of HZ was 12 with RZV and 45 with ZVL. The NNV to
avoid one case of PHN was 65 with RZV and 98 with ZVL,
respectively.

Scenario analyses

In a first scenario analysis, we increased coverage from
48.3% to 70% for RZV. In this scenario, an additional
13596 HZ and 2430 PHN cases would be prevented in the
routine vaccination cohort (70 YOA) (figure 1, light blue
bar showing the additional proportion of HZ and PHN
cases avoided with RZV compared with no vaccination).

In a second scenario analysis, compliance with
second dose of RZV was set to lower and upper limits of
60% and 89%, respectively. Compared with no vaccina-
tion, the numbers of HZ cases avoided with RZV were
28145 and 34284 at the lower and upper limits for
compliance, respectively (figure 2).

To determine the optimal age for vaccination, scenario
analyses were carried out to evaluate the public health
impact in different age cohorts (50, 60, 65, 70 and 80
YOA) in terms of NNV, HZ and PHN cases avoided and
resource utilisation per 100000 people.

In case of RZV, the scenario that led to avoidance of the
most HZ cases per 100000 people would be vaccinating
at 60 YOA, while slightly more PHN cases per 100000
people could be avoided by vaccinating at 65 YOA. In
case of ZVL, the number of HZ cases avoided per 100 000

Table 2 Health outcomes and health resource utilisation in the vaccination cohort 70 YOA—base-case analysis, n=722616

RZV vs no ZVL vs no
RzvV ZVL No vaccination vaccination vaccination

HZ cases, n 88643 110996 118905 30262 7909
PHN cases, n 16570 18411 21979 5409 3567
HZ-related complications

Total, n 13109 16405 17565 4455 1160

Ocular, n 4207 5221 5548 1341 327

Neurological, n 4565 5782 6255 1691 474

Cutaneous, n 2001 2492 2658 657 165

Other non-pain, n 2336 2910 3103 767 193
Deaths

HZ-related deaths, n 56 64 64 8 0
Resource utilisation

Hospitalisation, n 7827 9463 9820 1993 357

GP visits, n 438328 546691 583612 145284 36921

Coverage for both RZV and ZVL was set to 48.3%. Second-dose compliance for RZV was set to 70%.
GP, general practitioner; HZ, herpes zoster; n, number of cases; PHN, postherpetic neuralgia; RZV, adjuvanted recombinant zoster vaccine;

YOA, years of age; ZVL, zoster vaccine live.
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people would be highest in the 65 YOA cohort, but more
PHN cases per 100000 people would be avoided in the 70
YOA cohort (figure 3). In all age groups, number of HZ
and PHN cases avoided per 100000 people was higher
for RZV compared with ZVL. Complications avoided
ranged from 689 with RZV and 250 with ZVL in the 65
YOA cohort, to 434 with RZV and 46 with ZVL in the 80
YOA cohort.

Consistent with these results, for RZV, the NNV to avoid
one case of HZ was lowest in the 60 YOA (NNV=9) and
the NNV to avoid one case of PHN was lowest in the 65
YOA cohort (NNV=54) (table 3).
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Figure 3 Scenario analyses: HZ (top) and PHN (down)
cases avoided per 100000 individuals for different
vaccination cohorts. Coverage for both RZV and ZVL was set
to 48.3%. Second-dose compliance for RZV was set to 70%.
HZ, herpes zoster; no vac, no vaccination; PHN, postherpetic
neuralgia; RZV, adjuvanted recombinant zoster vaccine; YOA,
years of age; ZVL, zoster vaccine live.

Table 3 NNV to avoid one case of HZ or PHN according to
age at vaccination

NNV HZ NNV PHN
Age cohort RzvV ZVL RzvV ZVL
50 YOA 10 39 69 328
60 YOA 9 27 55 171
65 YOA 10 23 54 134
70 YOA 12 45 65 98
80 YOA 17 156 82 258

Coverage for both RZV and ZVL was set to 48.3%. Second-dose
compliance for RZV was set to 70%.

HZ, herpes zoster; NNV, number needed to vaccinate; RZV,
adjuvanted recombinant zoster vaccine; YOA, years of age; ZVL,
zoster vaccine live.

The higher number of HZ and PHN cases avoided with
RZV compared with ZVL across all age cohorts leads to an
important reduction in the use of healthcare resources,
which might be an indicator of a reduction in direct costs
due to HZ (table 4). The number of GP visits per 100000
people avoided is highest for the 60 YOA and 65 YOA cohorts
for both vaccines, and consistently higher for RZV compared
with ZVL. The number of hospitalisations avoided increases
with increasing age for RZV, reflecting the increased risk of
hospitalisation due to HZ in older individuals.

Sensitivity analyses

In DSA analyses carried out for the base-case scenario in the
age cohort 70 YOA, the robustness of results was tested by
changing input parameters to their lower and upper esti-
mated confidence ranges (online SI table 3-5; online SI
table 8-9). In the base-case analyses, RZV prevented an addi-
tional 22353 HZ cases as compared with ZVL. The param-
eter with the highest impact on the relative advantage of
RZV over ZVL was annual waning of RZV (two doses) VE , in
people 270YOA, although the highest waning for RZV would
still lead to a reduction of over 13000HZ cases compared
with ZVL. Other parameters influencing the number of HZ

Table 4 Reduction on resource utilisation per 100000

people
GP visits avoided Hospitalisations avoided
Rzv ZVL Rzv ZVL

50 YOA 17481 3652 126 17

60 YOA 22078 6375 216 42

65 YOA 23447 8702 266 69

70YOA 20105 5109 276 49

80 YOA 15243 1629 394 42

Coverage for both RZV and ZVL was set to 48.3%. Second-dose
compliance for RZV was set to 70%.

GP, general practitioner; HZ, herpes zoster; RZV, adjuvanted
recombinant zoster vaccine; YOA, years of age; ZVL, zoster
vaccine live.
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Annual waning of 2-dose RZV for HZ efficacy for individuals 70 YOA and older

First dose coverage for RZV and ZVL

Annual incidence of initial HZ

Initial efficacy of ZVL against HZ

Initial efficacy of 1-dose RZV against HZ

Second-dose compliance for RZV

Initial efficacy of 2-dose RZV against HZ

Annual waning of 1-dose RZV for HZ efficacy for years 5+ and <70YOA

Annual incidence of recurrent HZ
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36300

Figure 4 Tornado diagram: HZ cases avoided with RZV compared with ZVL—base-case analysis (70 YOA; coverage 48.3%;
compliance 70%). Lower values are in orange and upper values are in grey. HZ, herpes zoster; RZV, adjuvanted recombinant

zoster vaccine; YOA, years of age; ZVL, zoster vaccine live.

cases avoided include initial VE , in people 270YOA for ZVL
and RZV single dose, HZ incidence and RZV compliance to
second dose (figure 4).

During PSA, all parameters were varied simultane-
ously along their predefined ranges. In all simulations
(n=5000), RZV led to areduction of HZ cases as compared
with ZVL. The distribution of the number of HZ cases
avoided by RZV relative to ZVL is shown in figure 5.
Overall, 83.1% of simulations predicted that RZV would
prevent at least 15000 additional HZ cases compared with
ZVL in the age group 70 YOA.

DISCUSSION

UMV against HZ using ZVL was introduced in the
UK in 2013 and observational studies suggest that the
programme has brought down HZ incidence by approx-
imately one-third in the vaccinated cohorts.”® * RZV
has been approved by the EMA in individuals =250 YOA,
thereby offering an alternative option to vaccinate people
against HZ in addition to the existing ZVL. The aim of

this study was to evaluate the public health impact of RZV
in terms of HZ prevention compared with ZVL or no
vaccination in the UK setting.

In the base case considering the current vaccination
cohort of people 70 YOA, RZV reduced the number of
HZ and PHN cases by 30262 and 5409 compared with
no vaccination. In comparison, ZVL prevented 7909 HZ
and 3567 PHN cases as compared with no vaccination.
NNV to prevent one episode of HZ was almost four times
lower with RZV compared with RZV, that is, 12 with RZV
vs 45 with ZVL. In addition, the estimated number of
hospitalisations and GP visits due to HZ and PHN were
substantially lower with RZV compared with HZ. HZ-re-
lated mortality is in general low; nevertheless, our simula-
tions predicted that eight deaths could be prevented with
a RZV vaccination strategy while no HZ-related deaths
were prevented adopting a ZVL vaccination strategy.

Results were robust under DSA and PSA. Annual
waning of RZV VE in people 270YOA had the greatest
impact on the number of HZ avoided relative to ZVL, but

Probability (%) of HZ Cases avoided

100.0%

100%

r 90%

% frequency distribution of cases avoided

r 80%

F 70%

r 60%

50%

F 40%

F 30%

F 20%

Cumulated inverted frequency distribution

F 10%

+ 0%

<0 0-3000 3000- 6000- 9000- 12000- 15000- 18000- 21000- 24000- 27000- 30000- 33000- 36000- 39000- 42000- 45000- 48000- 51000- 54000- 57000- >
6000 9000 12000 15000 18000 21000 24000 27000 30000 33000 36000 39000 42000 45000 48000 51000 54000 57000 60000 60000

Figure 5 Probabilistic sensitivity analysis: HZ cases avoided with RZV compared with ZVL. The orange line shows the
percentage of simulations averting at least the number of HZ cases shown on the x-axis. HZ, herpes zoster; RZV, adjuvanted

recombinant zoster vaccine; ZVL, zoster vaccine live.
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even assuming an extreme assumption on waning, with
an annual waning rate of 6.6%, RZV would prevent an
additional 13816 HZ cases as compared with ZVL. Other
parameters to which the relative vaccination strategies
proved sensitive included annual HZ incidence and VE ,
of RZV and ZVL. PSA were always in favour of the RZV
vaccination strategy with 83.1% of simulations showing
a reduction of at least 215000 HZ cases with respect to
ZVL. We also tested different scenarios in which coverage
and compliance were varied, assuming that the public
health impact would increase as a greater proportion of
individuals would be vaccinated. Increasing the coverage
estimate of the first dose of RZV from 48.3% to 70%
would further reduce HZ and PHN incidence, thereby
leading to a greater reduction in healthcare resources
used. We hypothesise that the coverage with RZV might
be higher because a proportion of the eligible individuals
are currently not receiving the vaccine with ZVL. Even
though the proportion of individuals with a true contra-
indication to ZVL is estimated to be small (2.8%),° HZ
vaccination with ZVL might be withheld even in those
IC individuals who have no contraindications as vaccina-
tors may have been risk averse. Reducing RZV compli-
ance to 60%, RZV would still prevent approximately
three times more HZ cases compared with ZVL. This is
in line with a recent public health impact study carried
out for the German setting, where a compliance rate of
50% would still lead to an improvement of 200% over
ZVL in terms of HZ prevention.” Although results are
in line with the German study, this UK model adaptation
has some different methodological considerations that
are of importance to potential decision-making bodies.
First, this manuscript also assesses single-year cohorts
versus multiple-year cohorts. This was chosen to reflect
the current HZ vaccination programme in the UK where
people get vaccinated with ZVL at 70 YOA and 78 YOA
within the catch-up programme. Second, the HZ inci-
dence is calculated based on a weighting method of
ICAree and IC populations using the prevalence of IC in
the different age groups. This is important to estimate the
actual HZ incidence in the general population.

The recommended vaccination strategy was based on
the clinical profile of ZVL, the only vaccine available at the
time. In its recommendation, the JCVI noted that ZVL VE
decreases with increasing age and over time; hence, the
current age cohort eligible for vaccination, that is, individ-
uals 70 YOA, is a compromise to optimise limited efficacy
and duration of protection against HZ. The JCVI also stated
that optimal age at vaccination would depend on the char-
acteristics of any given vaccine.™ Therefore, the impact of
vaccination age on HZ and PHN incidence was explored
through scenario analyses including different age cohorts
(50, 60, 65, 70 and 80 YOA). The number of HZ and PHN
cases avoided per 100000 people was higher with RZV than
with ZVL across all age cohorts. In case of RZV, most HZ
cases were avoided in the 60 YOA cohort, while PHN case
avoidance was highest in the 65 YOA cohort. This obser-
vation is consistent with a higher probability of developing

PHN at an increased age. On the other hand, the projected
number of PHN cases avoided with ZVL was highestin the 70
YOA. This finding is due to a top-up efficacy seen with ZVL
against PHN in the population 270 YOA: vaccinated individ-
uals with breakthrough HZ are at a lower risk of developing
PHN as compared with unvaccinated individuals with HZ.
In the individuals <70YOA, no additional protection against
PHN was observed in clinical studies with ZVL. For RZV no
additional top-up efficacy could be calculated based on the
limited number of breakthrough cases, and thus VE , and
VE,,,\ Were assumed to be the same. As a result, for RZV, the
NNV to avoid one case of HZ and PHN was lowest for the 60
YOA and 65 YOA cohorts. NNV increased in the 70 YOA and
more so in the 80 YOA, where a proportion of the simulated
cohort died due to natural causes before any health benefit
of vaccination occurred.

From a healthcare utilisation perspective, RZV reduced
the number of GP visits by >13000 compared with ZVL in all
age groups. The highest reduction in GP visits was predicted
in the 65 YOA cohort, while the largest impact on hospitalisa-
tions was predicted for the 80 YOA cohort. The latter might
be explained by the higher risk of hospitalisation inherent to
older individuals due to a higher degree of frailty. Neverthe-
less, it should be noted that the reduction in hospitalisations
was predicted to be several-fold higher with RZV compared
with ZVL in all age cohorts. Reduction in the use of health-
care resources is a good indicator of potential decrease in
direct costs of new healthcare interventions; however, this
requires further investigation in a cost-effectiveness analysis
with RZV in the UK context.

The potential public health impact of RZV in the
UK setting has previously been studied by our group.™
The study showed a substantial reduction in HZ and
PHN cases compared with no vaccination; however, no
comparison was made to ZVL. A number of studies have
evaluated the impact of ZVL on disease burden and asso-
ciated cost-effectiveness in the UK setting. van Hoek et al
analysed cost-effectiveness of ZVL in different age groups
with the base-case considering a cohort of immunocom-
petent individuals aged 65 years in the UK. This cohort
was modelled over a lifetime and a vaccine coverage of
78.5%.” Waning rates might have been underestimated in
this model since long-term data from the LTPS study for
persistence of efficacy of the ZVL vaccination were not yet
taken into account.”” The LTPS study showed that VE,,, of
ZVL decreases significantly over time with no statistically
significant protection observed after 8 years of vaccina-
tion."” " In the economic model published by Moore et
al, the NNV of ZVL to prevent one case of HZ was 15, and
hence lower than that found in our simulations. However,
the authors assumed a waning rate of 0%."°

The public health impact of RZV was also evaluated for
other settings, including Germany, the USA, Canada and
Australia. These studies used a wide range of assumptions
regarding coverage, compliance and duration of vaccine
protection for both RZV and ZVL.* **** Despite differ-
ences in these assumptions, all studies showed a consis-
tent improvement in the reduction of HZ cases and its
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complications compared with no vaccination or vaccination
with ZVL. In a recent independent cost-effectiveness study
for the US setting, employing conservative assumptions
regarding RZV waning rate, coverage and compliance, the
authors concluded that RZV was more effective compared
with ZVL under the vast majority of assumptions evaluated.*

As with every model, there are strengths and limitations
associated with the modelling strategy employed. For
RZV, most recent UK-specific data available at the time
we conducted this study were used; for HZ incidence the
CPRD database, a large UK-specific database, was anal-
ysed and values for both IC and non-IC cohorts were
combined.”® * For PHN incidence, published data from
two reports were used to estimate the PHN probability
in the total population including individuals with immu-
nodeficient states. The estimates of PHN cases prevented
are close to real values, validating our approach. Demo-
graphic data projected to the year 2018 were used based
on numbers reported by the ONS.?” The limitations in
this study are related to assumptions that had to be made
in the absence of real-world data, including coverage
with RZV, compliance and long-term waning for RZV.
Coverage and compliance were set to values observed in
comparable vaccination programmes and these parame-
ters were varied in scenario and one-way sensitivity anal-
yses. Results from long-term studies with RZV are still
outstanding and follow-up data are currently limited to 4
years. However, the model has been developed such that
it can be updated once additional data become available.
For ZVL waning rates, we included both data from the SPS
and the LTPS study” to ensure that we could compare
ZVL and RZV in the ZONA model. Recent observational
studies looking into the vaccine effectiveness of ZVL show
that the vaccine wanes rapidly and has little to no protec-
tion left beyond year 8 after vaccination.'®*” Finally, the
rate of HZ-associated complications was assumed to be
the same in all individuals with HZ regardless of their
vaccination status. This assumption ignores the potential
benefit vaccination might have by lowering the severity
and duration of breakthrough HZ cases. Clinical trial data
suggest that VE,, and VE, are similar and there is some
evidence that duration and severity of HZ/PHN pain is
lower in individuals having received RZV as compared
with unvaccinated individuals.**

Future research might be directed towards assessing
severity and duration of HZ and PHN cases depending
on vaccination status, identifying subgroups of the popu-
lation that may have enhanced benefit from the vaccine
and evaluating cost-effectiveness in the current UMV
cohort and across different age cohorts.

A lay language summary contextualising the outcomes
and potential impact of this study for healthcare providers
is displayed in figure 6.

CONCLUSION
Within the model assumptions, RZV has the greater public
health impact in terms of HZ and PHN case avoidance

Herpes zoster (shingles) is a painful rash that lasts for several weeks and which can lead to
prolonged pain even after the initial rash has cleared. Herpes zoster arises when varicella zoster
virus, acquired during varicella, reactivates. This happens especially in older people with a
weakened immune system. Herpes zoster has a detrimental impact on the quality of life and
current treatment options provide only partial symptom relief.

In the UK, a universal mass vaccination programme against herpes zoster has been introduced
in 2013. The programme recommends vaccination of people aged 70 or 78 years with
Zostavax, the only vaccine available at that time. In 2018, a new vaccine against herpes zoster,
Shingrix, has become available. The goal of this study was to explore the impact of different
vaccination strategies using a mathematical model.

What is the impact? —

The model predicts that Shingrix would lead to a greater reduction in the number of herpes
zoster episodes compared to Zostavax. If adopting a vaccination strategy with Shingrix, the
optimal age at vaccination would be 60 or 65 years old.

_/

Figure 6 Lay language summary of the study.

and reduction in healthcare utilisation. When the UMV
was introduced in 2013, vaccinating people at 70 YOA
was the best option based on the vaccine characteristics
of ZVL. With the approval of RZV in the USA, Canada,
Japan and Europe in adults 250YOA, the optimal HZ
prevention strategy needs to be re-evaluated. The model
projects for RZV a longer duration of protection and
the VE remains high in older age groups compared with
ZVL. Therefore, the results of this model show that the
difference in clinical profile of RZV leads to a different
optimal age of vaccination. Vaccinating the UK popula-
tion with RZV at 60 YOA or 65 YOA is the optimal vaccina-
tion strategy in terms of public health impact, while being
superior to ZVL in all age cohorts studied.
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