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ABSTRACT

The Advisory Committee on Immunization Practices (ACIP) recommends recombinant zoster vaccine
(RZV) to prevent against herpes zoster (HZ) and related complications in immunocompetent adults >50
y and immunocompromised adults >19y. In 2019, a statistical safety signal for Guillain-Barré syndrome
(GBS) following RZV was identified using data from the Vaccine Safety Datalink (VSD). Subsequently, the
U.S. Food and Drug Administration (FDA), the Centers for Disease Control and Prevention (CDC), and
collaborators undertook additional analyses using Centers for Medicare & Medicaid Services (CMS)
Medicare data to further investigate the potential risk of GBS following RZV. Concurrently, epidemiologic
data suggested a potentially elevated risk of GBS following HZ in U.S. adults. Using data from these
sources and a published simulation model, this study evaluated the health benefits and risks associated
with vaccinating immunocompetent adults =50 y with RZV compared to no vaccination. In the base case
analysis, RZV vaccination averted 43,000-63,000 cases of HZ, including GBS complications, per million
vaccinated per 10-y age cohort compared to 3-6 additional cases of GBS projected following RZV
per million vaccinated in the same population. This analysis highlights the projected health benefits of
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RZV vaccination compared to the relatively low potential risk of GBS following RZV.

The Advisory Committee on Immunization Practices (ACIP)
preferentially recommends the use of recombinant zoster vaccine
(RZV) to prevent against herpes zoster (HZ) and related compli-
cations in immunocompetent adults >50 y. In October 2021, the
ACIP updated these recommendations to include immunocom-
promised adults >19y."* Since RZV licensure and the ACIP
recommendations that followed, the U.S. Food and Drug
Administration (FDA) and the Centers for Disease Control and
Prevention (CDC) have engaged in safety monitoring through
established post-marketing surveillance systems including the
Vaccine Adverse Events Reporting System (VAERS) and the
Vaccine Safety Datalink (VSD).>* In January 2019, rapid cycle
analysis of VSD data identified a statistical safety signal for
Guillain-Barré syndrome (GBS) following vaccination with
RZV; however, results of the chart-confirmed analyses indicated
that the evidence was insufficient to confirm the initial signal.’
FDA, CDC, and collaborators conducted additional safety assess-
ment studies using Centers for Medicare & Medicaid Services
(CMS) Medicare data to further investigate the potential risk of
GBS following RZV administration.® Concurrently, epidemiologic
data suggested a potentially elevated risk of GBS following an
episode of HZ in the U.S. adult population.” Considering these
data and as part of the continual process of evidence evaluation,®
the objective of this study was to evaluate the health benefits and
risks associated with vaccinating immunocompetent adults aged
50y and older with RZV compared to no vaccination. Using a HZ

vaccination simulation model previously developed in 2017 to
inform ACIP recommendations.” this study compared the pro-
jected estimates of averted HZ cases and related complications,
including GBS, and potential adverse events, specifically GBS,
associated with RZV vaccination. The previously published state-
transition model® was modified to incorporate two new health
states, one for GBS following vaccination with RZV and one for
GBS as a complication of HZ. This analysis compared projected
outcomes for a hypothetical cohort of individuals aged 50 y and
older vaccinated with RZV compared to no vaccination, stratified
by 10-y age cohorts (50-59, 60-69, 70-79, 80-89, and 90-99
years). Each age-stratified simulation included a cohort size of
1 million U.S. immunocompetent adults. In each annual cycle,
a hypothetical individual in the model could experience an epi-
sode of HZ and related complications (postherpetic neuralgia
(PHN), ocular complications, HZ-associated GBS, HZ-related
death) or no zoster illness (Figures 1(a,b)). In the vaccination
submodel, vaccinated individuals also had a probability of experi-
encing GBS following RZV administration (Figure 1(b)).
Outcome measures were projected cases of uncomplicated HZ,
HZ-related complications (postherpetic neuralgia, ocular compli-
cations, GBS, and death), and GBS following vaccination
with RZV.

Model inputs that were added or updated since the previous
analysis included the risk of GBS following RZV vaccination, the
risk of GBS associated with an episode of HZ, the assumed
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b. Vaccination submodel schematic
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Figure 1. (a) Natural history submodel schematic; (b) Vaccination submodel schematic.



completion rate for the two-dose RZV series, and the effectiveness
of a single dose of RZV (Appendix Table Al). The risk of GBS
associated with RZV vaccination was derived from two unpub-
lished studies based on post-marketing vaccine safety surveillance
and investigations that were presented to ACIP in October 2020
and February 2021.>'% At the time of analysis, the Vaccine
Adverse Reporting System (VAERS) had reported no unexpected
severe adverse events or unanticipated patterns of safety reporting
associated with RZV administration.* However, both the Vaccine
Safety Datalink (VSD) and an investigation conducted by the
Food and Drug Administration (FDA) identified a statistical
safety signal for GBS.>*'* Due to differences in study methods,
these data sources were used to define two plausible scenarios to
inform the risk of GBS following RZV vaccination (Appendix
Ala). The risk of GBS associated with an episode of HZ was
derived from a self-controlled case series analysis of claims data
using two large national data sources in the U.S.” This claims-
based study reported rate ratios for 18-64 y and 65+ y age groups
and was presented to the ACIP in October 2020 (Appendix A2b).
Additionally, two studies were used to update inputs on the
overall proportion of vaccine-eligible individuals who were
assumed to complete a two-dose RZV series (Leung et al. manu-
script under review)® and the effectiveness of a single dose of
RZV'' (Appendix A2).

In the base case analysis, outcomes were projected for each
age cohort over a 20-y analytic time horizon and outcomes
were discounted at 1.5% per year.'” For the vaccination sub-
model, vaccination was initiated at the start of the time horizon
and individuals were followed for the 20-y analytic time hor-
izon, which corresponds to the assumed duration of vaccine
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protection, or until death. Uncertainty analyses explored the
robustness of results to variation in the parameter inputs over
plausible ranges. Probabilistic sensitivity analysis using 10,000
random draws from defined probability distributions for each
parameter (Appendix Table A2) generated 95% confidence
intervals for projected health outcomes. The model was pro-
grammed using TreeAge Pro 2021, version R1.0.

For the base case analysis results, vaccination was projected
to avert 43,000 to 63,000 cases of HZ and related complica-
tions, depending on age, per million vaccinated per 10-y age
cohort (Table 1). These projected vaccination benefits included
the prevention of 50 to 170 HZ-related deaths, depending on
age, per million vaccinated per 10-y age cohort (Table 1).
Projected cases of GBS potentially associated with vaccination
were 3.3 cases per million vaccinated using input data derived
from the VSD study” or 6.3 cases per million vaccinated using
FDA-derived inputs'® (Table 1). Estimates for projected cases
of GBS following vaccination did not vary by age as it was not
possible to stratify the risk by age due to sparse data.
Incremental cases of GBS, defined as the number of total GBS
cases under vaccination minus the number of total GBS cases
under no vaccination, ranged from 2.5 to 2.9 cases per million
vaccinated using VSD-derived inputs® and 5.5 to 5.9 per million
vaccinated using FDA-derived inputs.'® Across all 10-y age
cohorts (Table 1). For all 10-y age cohorts and using the two
data scenarios for the risk of GBS following RZV vaccination,
there were small numbers of incremental cases of GBS com-
pared to the substantial numbers of HZ-related complications
and deaths averted due to vaccination (Table 1). The projected
number of incremental GBS cases was sensitive to parameter

Table 1. Projected cases and cases averted of GBS or HZ per million vaccinated, base case assumptions, 20-y time horizon, discounted.

(a) Projected cases

Projected GBS|RZV cases
(per million vaccinated*)

Projected HZ cases
(per million) t

GBS|RzZV GBS|RzZV

Age group (years) Strategy (VSD) (FDA) Uncomplicated PHN Ocular Complications GBS  DeathsTotal HZ (cases+deaths)
50-59 Not vaccinated - - 87,137 12,562 9,871 0.9 110 109,681

Vaccinated 33 6.3 49,578 7,038 5,606 0.5 62 62,284
60-69 Not vaccinated - - 98,034 19,211 11,609 1.4 129 128,984

Vaccinated 33 6.3 51,387 9,861 6,064 0.7 67 67,380
70-79 Not vaccinated - - 88,131 22,350 10,959 1.6 329 121,771

Vaccinated 33 6.3 42,756 10,412 5274 0.8 158 58,600
80-89 Not vaccinated - - 61,355 19,148 7,986 1.1 240 88,730

Vaccinated 33 6.3 21,581 6,728 2,808 0.4 84 31,202
90-99 Not vaccinated - - 35,907 13,650 4916 0.7 147 54,621

Vaccinated 33 6.3 7,735 2,897 1,055 0.2 32 11,719

(b) Projected HZ cases averted compared to incremental GBS cases
Incremental GBS cases Averted HZ cases
(per million vaccinated)** (per million vaccinated®)
GBS GBS

Age group (years)  Strategy (VSD) (FDA) Uncomplicated ~ PHN  Ocular Complications Deaths Total HZ
50-59 Vaccinated 29 5.9 37,559 5,524 4,266 47 47,397
60-69 Vaccinated 2.6 5.6 46,648 9,350 5,544 62 61,604
70-79 Vaccinated 25 55 45,375 11,938 5,685 171 63,170
80-89 Vaccinated 2.6 5.6 39,774 12,421 5178 155 57,528
90-99 Vaccinated 2.8 5.7 28,171 10,753 3,861 116 42,902

*Cases per million RZV vaccinated (1-dose or 2-dose series).

tCases per cohort. Each cohort includes 1 million individuals, some proportion of whom experience HZ and some who do not. For example, for unvaccinated individuals
60-69'y, this includes 128,984 total cases HZ and 871,016 individuals without HZ, over the 20-y time horizon.

**Cases of GBS|RZV + GBS|HZ per million RZV vaccinated (1-dose or 2-dose series).

HZ= Herpes zoster; PHN= Postherpetic neuralgia; GBS=Guillain-Barré syndrome; RZV= Recombinant zoster vaccine; VSD=Vaccine Safety Datalink; FDA=U.S. Food and

Drug Administration.
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uncertainty with wide confidence intervals (Appendix Table
A6; Appendix Figure Al). Results for averted HZ outcomes,
however, were robust to uncertainty analyses (Appendix Tables
A3 and A4). For example, when conducting one-way sensitiv-
ity analysis using the upper-bound range for the probability of
GBS after RZV vaccination derived from the VSD data source,
more than 61,000 HZ episodes were averted per million vacci-
nated compared to fewer than 13 projected cases of GBS related
to RZV vaccination per million vaccinated.

This analysis highlights the projected health benefits asso-
ciated with RZV vaccination compared to the relatively low
potential risk of GBS following RZV. Risk-benefit analysis is
commonly conducted to inform vaccine policy recommenda-
tions and to support the continuous critical appraisal of evi-
dence regarding vaccine benefits and harms as it emerges."
This type of data-driven analysis may be particularly useful
when safety signals are detected in surveillance systems or in
special studies because a well-designed risk-benefit model can
capture a more holistic picture of the impacts of a vaccination
program. As such, a risk-benefit analysis can provide a more
contextualized and appropriate evaluation of potential risks,
like GBS cases associated with RZV.

Risk-benefit modeling of rare events like GBS is challenging
due to the limited data available to define underlying and attri-
butable risks with and without vaccination. In the case of this
analysis, key parameters relied on limited evidence to define the
probability of GBS following either RZV vaccination or an HZ
episode. Where assumptions were needed, however, this limita-
tion was addressed by conservatively defining the base case in
a way that biased away from vaccination. Additionally, para-
meter uncertainty was rigorously evaluated using deterministic
one-way and probabilistic sensitivity analyses.

Risk-benefit modeling of rare events like GBS is challenging
due to the limited data available to define underlying and attri-
butable risks with and without vaccination. In the case of this
analysis, key parameters relied on limited evidence to define the
probability of GBS following either RZV vaccination or an HZ
episode. Where assumptions were needed, however, this limita-
tion was addressed by conservatively defining the base case in
a way that biased away from vaccination. Additionally, para-
meter uncertainty was rigorously evaluated using deterministic
one-way and probabilistic sensitivity analyses.

Risk-benefit modeling of rare events like GBS is challenging
due to the limited data available to define underlying and
attributable risks with and without vaccination. In the case of
this analysis, key parameters relied on limited evidence to
define the probability of GBS following either RZV vaccination
or an HZ episode. Where assumptions were needed, however,
this limitation was addressed by conservatively defining the
base case in a way that biased away from vaccination.
Additionally, parameter uncertainty was rigorously evaluated
using deterministic one-way and probabilistic sensitivity
analyses.

In summary, this analysis explored the balance of
potential risks and benefits associated with RZV vaccina-
tion, demonstrating that vaccination yields substantial
health benefits compared to the small risk of a rare
adverse event. Future work should continue to investigate

estimates of GBS risk following RZV or an episode of HZ.
Any empirical work in this area can then be paired with
additional modeling work to continually evaluate the tra-
deoffs between the risks and benefits of vaccination. In
February 2021, following review of this analysis and other
RZV safety assessments, the ACIP concluded that the
benefit-risk balance remained favorable'* and continued
to recommend RZV for immunocompetent adults 50y
and older.
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