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Abstract

Recombinant zoster vaccine (RZV) (Shingrix; GlaxoSmithKline, Brentford, United Kingdom) is
an adjuvanted glycoprotein vaccine that was licensed in 2017 to prevent herpes zoster (shingles)
and its complications in older adults. In this prospective, postlicensure Vaccine Safety Datalink
study using electronic health records, we sequentially monitored a real-world population of
adults aged =50 years who received care in multiple US Vaccine Safety Datalink health systems
to identify potentially increased risks of 10 prespecified health outcomes, including stroke,
anaphylaxis, and Guillain-Barré syndrome (GBS).Among 647,833 RZV doses administered from
January 2018 through December 2019, we did not detect a sustained increased risk of any
monitored outcome for RZV recipients relative to either historical (2013-2017) recipients of
zoster vaccine live, a live attenuated virus vaccine (Zostavax; Merck & Co., Inc., Kenilworth,
New Jersey), or contemporary non-RZV vaccine recipients who had an annual well-person visit
during the 2018-2019 study period. We confirmed prelicensure trial findings of increased risks of
systemic and local reactions following RZV. Our study provides additional reassurance about the
overall safety of RZV. Despite a large sample, uncertainty remains regarding potential associations
with GBS due to the limited number of confirmed GBS cases that were observed.
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Recombinant zoster vaccine (RZV) (Shingrix; GlaxoSmithKline, Brentford, United
Kingdom) was licensed in October 2017 by the Food and Drug Administration for use in
immunocompetent US adults aged =50 years for prevention of herpes zoster (i.e., shingles)
and its complications (1). It is given as a 2-dose series at least 2 months apart and

contains recombinant varicella-zoster virus glycoprotein E and a novel adjuvant (AS01g)
(1). In 2018, the Centers for Disease Control and Prevention’s (CDC) Advisory Committee
on Immunization Practices recommended (2) that RZV be preferentially given over the
live attenuated virus vaccine (zoster vaccine live (ZVL); Zostavax; Merck & Co., Inc.,
Kenilworth, New Jersey) licensed in 2006 (3), given RZV’s high initial efficacy against
herpes zoster (>90%) in comparison with ZVL (51.3%) and ZVL’s rapid waning (4-8).
RZV has since replaced the use of ZVL for herpes zoster prevention in the United States,
since ZVL is no longer sold in the United States (9).

Initial safety data for RZV have generally not raised concerns, but these data are limited.
Data have been derived primarily from prelicensure trials (4, 5, 10) and postlicensure passive
reports submitted by health-care providers, vaccinees, and others to GlaxoSmithKline (11)
and to the CDC and the Food and Drug Administration (12) via the Vaccine Adverse Event
Reporting System (13). Pooled placebo-controlled trial data identified increased risks of
local and systemic reactions following RZV administration and found no differences in risks
of other adverse events but lacked statistical power (4, 5, 10). Early data-mining analyses

of passive reports produced similar findings: Serious adverse events were rare, and no
disproportionate reporting of any serious adverse event associated with RZV was observed
(11, 12). However, known data-quality issues, like underreporting, limit the strength of
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conclusions that can be drawn from such sources (13). More recently, the Food and Drug
Administration reported a potential increase in the risk of Guillain-Barré syndrome (GBS)
based on results of a self-controlled case-series analysis in a Medicare population of persons
aged =65 years (14), but the estimated attributable risk was small (about 3 per million RZV
doses).

We conducted active postlicensure surveillance, involving proactive capture and rapid
analysis of data from large health-care systems, to provide a timely, targeted assessment

of RZV safety during its initial uptake period that addressed gaps in safety evidence from
prelicensure randomized clinical trials and early passive adverse event reporting. We did so
by leveraging the CDC Vaccine Safety Datalink’s (VSD) electronic health record (EHR)
data infrastructure and methods framework for real-world observational data monitoring
(15). Specifically, we used these structures to conduct near real-time sequential monitoring
of the short-term risks of 10 prespecified priority health outcomes potentially associated
with receipt of RZV.

METHODS
Study design

Using comprehensive and weekly-updated data on immunizations, medical-care utilization,
and demographic factors, we conducted a prospective cohort study among persons

aged =50 years enrolled in 7 VSD-data—contributing integrated health-care systems
(Kaiser Permanente (Colorado, Northern California, Northwest, Southern California, and
Washington), the Marshfield Clinic (Wisconsin), and HealthPartners (Minnesota)). This
population was evaluated from January 2018, when RZV was first used among VSD
enrollees, through December 2019, when an adequate number of RZV doses had been
administered in the cohort to achieve sufficient statistical power for prespecified high-
priority safety outcomes (Table 1). Each site’s institutional review board approved this
study; informed consent was not required.

Exposure and comparator groups

VSD health systems capture immunization data from EHRs and medical and pharmacy
claims, and in some cases bidirectional communication with regional or state immunization
information systems. For primary analyses, to assess whether safety risks were relatively
higher following receipt of RZV, we used a historical ZVL comparator group and
conducted routine analyses over time. Outcome risk in a postvaccination interval among
RZV recipients aged =50 years was compared with that estimated in a postvaccination
risk interval among those aged =60 years who received ZVL from January 2013 through
December 2017 (since ZVL was only recommended for use among persons aged =60
years). A historical ZVL comparator group was designated as primary because recipients
of RZV were expected to be similar to past recipients of ZVL, particularly with respect to
preventative health-care—seeking behaviors, a known source of bias in vaccine studies of
older adults (16).
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In secondary end-of-surveillance analyses, we used concurrent “well-visit comparators.”
We compared the postvaccination outcome risk for RZV vaccinees with the risk for
non—-RZV-vaccinated persons aged =50 years who: 1) had an annual well-person health-
care visit (identified by /nternational Classification of Diseases, Tenth Revision, Clinical
Modification (ICD-10-CM) diagnosis codes Z00.00 and Z00.01) during the 2018-2019
RZV uptake period, 2) had not received RZV on or before their well visit, and 3) had
received influenza vaccine during the year prior to their well visit. We identified outcomes
for this group as those occurring in a risk interval after their well-visit date. Use of well-
visit comparators complements the historical ZVL comparator analysis by 1) providing a
contemporaneous comparison to avoid temporal bias, 2) increasing age comparability, 3)
minimizing differences in health-care—seeking behavior by requiring prior receipt of an
influenza vaccine, and 4) serving as a comparator that cannot cause adverse outcomes via
boosting of immunity to herpes zoster, as occurs with ZVL.

Eligibility was assessed on a rolling basis throughout the study period. Enrollees were
considered eligible if, at the time of their RZV, ZVL, or well-visit date, they 1) were aged 50
years or older and 2) had continuous health insurance enrollment in their site’s health plan
for 365 days prior to assessment of baseline characteristics (see “Covariates”).

Safety outcomes

Covariates

On the basis of 1) imbalances in safety data from prelicensure studies of RZV (4, 5,

10), 2) inclusion of outcomes in prior vaccine safety studies (17-29), and 3) theoretical
concerns about biologically plausible vaccine-associated outcomes, we prespecified 10
primary health outcomes and 11 secondary health outcomes with preset risk intervals (Table
1). Primary outcomes were acute myocardial infarction, stroke, supraventricular tachycardia,
polymyalgia rheumatica, convulsions, Bell’s palsy, optic ischemic neuropathy, giant cell
arteritis, anaphylaxis, and GBS. Secondary outcomes included systemic and local reactions
occurring within 1-7 days, as well as gout, myocarditis, pericarditis, and several eye-related
diseases, diagnosed within 1-42 days. Investigators at each study site updated data weekly to
capture these outcomes, which were defined using /nternational Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) or ICD-10-CM diagnosis codes assigned
during outpatient, emergency department, or inpatient encounters. Each outcome was
assessed during a postvaccination risk interval ranging from day 1 (the day after the RZV
vaccination, ZVL vaccination, or well visit) through day 42, except for anaphylaxis, which
was assessed from day 0 (the day of vaccination) through day 1.

We required continuous enrollment in the site’s health insurance plan for 365 days prior
to the date of RZV, ZVL, or the well visit so that baseline characteristics could be
assessed. Selected covariates captured during this period included age, site, sex, indicators
of comorbidity (diabetes; hypertension; hyperlipidemia; ischemic conditions, including
ischemic heart disease, transient ischemic attack, or prior stroke; gastroesophageal reflux
disease; osteoarthritis; atrial fibrillation; herpes zoster; dementia; congestive heart failure;
and chronic obstructive pulmonary disease), and indicators of health-care utilization

that may reflect healthy-user behaviors (e.g., a dermatology visit, an optometry or
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ophthalmology visit) (30). We also captured receipt of concomitant vaccinations (i.e., those
given on the same day as the RZV or ZVL vaccine) and prior receipt of ZVL vaccine at any
time before the RZV or well-visit date.

Statistical analysis

Monthly sequential testing using historical ZVL comparators.—Every month,
for each primary outcome, we estimated an adjusted relative risk (RR) and conducted an
exact sequential Poisson-based likelihood ratio test of the 1-sided hypothesis that outcome
risk was elevated for RZV vaccinees versus historical ZVL recipients (Hp: RR = 1 vs.

Ha: RR > 1) using unifying family group sequential methods (31). Covariate adjustment
involved computing historical event rates by site, age group, and sex. For acute myocardial
infarction and stroke, adjustment also included baseline diabetes and hypertension status.
Covariate-stratified historical rates were then used to compute stratum-specific expected
counts based on the observed distribution of covariates among RZV recipients. Expected
counts were then summed across strata and compared with the total number of observed
counts among RZV vaccinees (17). Since analytical databases are dynamic and updated
weekly to add previously missing data, in order to maximize data integrity we did not permit
subjects to enter the monthly analyses until 12 weeks after their RZV vaccination date,

in order to allow sufficient time for more complete capture of events during the 42-day
postvaccination risk window.

We conducted 19 monthly analyses, starting 6 months into surveillance (while RZV uptake
remained relatively low). We used a flat (on the log likelihood ratio test scale) stopping
threshold over time computed via simulation methods to ensure that the overall Type 1 error
level across all tests performed for a given outcome over time was 0.05 (31). Pvalues that
adjusted for the multiple tests conducted over time were computed (17). We did rot adjust
statistically for multiple testing across the 10 outcomes, to conservatively avoid missing
potential safety concerns.

A preliminary safety signal for an outcome was considered to occur if the log likelihood
ratio test statistic exceeded the predefined threshold at any test. Signals were followed

up for further evidence to either support or refute the initial finding. This included data
quality assessments, examination of the distribution of events in the postvaccination risk
window, and physician review of the medical chart to confirm whether the /nternational
Classification of Diseases code—based presumptive outcomes were true incident events. If a
preliminary signal occurred, formal sequential analyses were stopped for that outcome only,
and descriptive statistics were monitored going forward until the end of the surveillance.

End-of-surveillance analyses using concurrent well-visit comparators.—At the
end of surveillance, we assessed the robustness of the monthly historical ZVL comparator
sequential results for the primary outcomes by using a complementary well-visit concurrent
comparator group in a one-time set of analyses, adjusting for additional confounders and
exploring associations in predefined subgroups by dose, age, and site. We also examined
secondary outcomes. We made comparisons between the RZV and well-visit cohorts that
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adjusted for confounding using propensity scores in order to incorporate more confounders
via dimensionality reduction, which is especially useful in settings with rare events.

Overall and in subgroups, we computed the marginal RR of each outcome for RZV
recipients compared with well-visit comparators, using 4 steps (32). First, we used logistic
regression to estimate the probability of receiving RZV (i.e., the propensity score) using
age, sex, site, an optometry visit, a dermatology visit, and prior receipt of ZVL. For
cardiovascular outcomes, we also included hypertension, hyperlipidemia, diabetes, and the
presence of at least 1 ischemic condition: ischemic heart disease, transient ischemic attack,
or prior stroke. Second, we used logistic regression to model the association between

each outcome and receipt of RZV vaccine and adjusted flexibly for the propensity score
using cubic splines and selecting 3—-5 knots via cross-validation (33). Third, we applied
standardization to obtain marginal, population-level risk estimates for RZV and well-visit
groups from the logistic regression model in step 2. Standardization is a causal inference
technique that predicts a pair of potential outcomes for each participant (regardless of actual
RZV exposure status) by first assuming that they are in the RZV group, then assuming

they are in the well-visit group, and then computing the empirical average prediction

(i.e., marginal estimate) from the potential outcomes across all participants under each
assumption. Fourth, we computed the marginal RR as the ratio of these 2 marginal averages,
including 95% confidence intervals (Cls) that we obtained through the estimated influence
functions (32).

Figure 1 shows RZV uptake by 10-year age group and site during the study period. Overall,
647,833 doses of RZV were administered (403,522 first doses, 243,785 second doses, 496
third doses, and 30 fourth doses) with 16%, 40%, 32%, and 12% of doses being received by
persons aged 50-59, 60-69, 70-79, and =80 years, respectively. On average, RZV recipients
were older than historical ZVL and concurrent well-visit comparators and were more likely
to have sought preventive health care in the prior year. The distributions of sex and most
comorbid conditions were similar across groups, although RZV recipients were somewhat
more likely to have had some conditions, like hypertension (Table 2).

Monthly testing using historical ZVL comparators

All 647,833 vaccination doses were included in these analyses. During the surveillance
period, a preliminary safety signal indicating a potentially elevated risk for RZV recipients
as compared with historical ZVL recipients was observed for 2 outcomes: GBS and Bell’s
palsy. Figure 2 shows the trajectory of estimated RRs for both outcomes over time. The GBS
signal occurred at the second analysis time point after 3 presumptive cases were observed

as compared with only 0.6 cases expected (RR =5.25, £=0.02). The Bell’s palsy signal
occurred at the fifth analysis time point based on 36 observed cases as compared with 24
expected (RR = 1.51, £=0.03). No preliminary signals were observed for any other primary
outcomes.

Table 3 shows results from the final monthly sequential analysis conducted at the end
of surveillance for all primary outcomes, comparing the risk among all RZV recipients
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(647,833 doses received during 2018-2019) with that expected on the basis of historical
ZVL recipients (671,181 doses administered during 2013-2017). RRs for both GBS and
Bell’s palsy had attenuated considerably (RR = 1.24 for GBS; RR = 0.90 for Bell’s palsy)
(Figure 2). In total, 6 presumptive GBS cases were observed following RZV as compared
with 4.83 expected (based on 5 events among ZVL recipients), and fewer presumptive Bell’s
palsy events were observed post-RZV (n7=86) compared with the number expected (7=
95.72). RRs for all other outcomes were not statistically greater than 1 at any time during
surveillance (P> 0.05).

Due to the magnitude of the preliminary GBS signal (RR = 5.25) and the potential severity
of the outcome, all post-RZV/ZVL GBS cases presumptively identified using ICD-10-CM
codes underwent manual medical record review by a physician to confirm whether each was
a true incident case. Among the 6 potential GBS cases following RZV, 3 were confirmed as
incident and 3 were reclassified as involving symptoms that appeared prior to vaccination.
Among the 5 potential GBS cases following ZVL, 2 were confirmed as incident, 2 were
ruled out, and 1 did not have chart data available for review. Based on chart validation, if
we conservatively assume that the missing historical event was not a true case, the RR for
confirmed GBS among RZV recipients as compared with historical ZVL recipients was 1.56
(95% CI: 0.18, 18.62). If the missing event was assumed to be a true case, the RR estimate
was 1.04 (95% CI: 0.14, 7.74).

End-of-surveillance analyses using concurrent well-visit comparators

All 647,307 first and second RZV doses received during the surveillance period were
included in these analyses. Consistent with the final monthly sequential analyses using
historical ZVL comparators, we found no statistically significantly elevated risks of any
primary outcome for RZV recipients in propensity-score—adjusted analyses using concurrent
well-visit comparators (Table 4, upper section). RRs were all less than 1 except those for
polymyalgia rheumatica and giant cell arteritis, which were not statistically different from 1
(P> 0.05). Estimated risks of myocardial infarction (RR =0.82, 95% CI: 0.72, 0.94), Bell’s
palsy (RR =0.75, 95% CI: 0.57, 0.98), and anaphylaxis (RR = 0.53, 95% ClI: 0.31, 0.91)
were significantly lower for RZV vaccinees than for well-visit comparators.

For most outcomes, estimated RRs using well-visit comparators were relatively consistent
with those estimated using historical ZVL comparators in that the 95% CI for the well-
visit RR contained the historical ZVL RR point estimate. For instance, the estimated

RR of presumptive GBS using well-visit comparators (Table 4) was 0.92 (95% CI: 0.34,
2.52), and the estimated RR of 1.24 using historical ZVL recipients (Table 3) fell within
those confidence limits. The RR of GBS using well-visit comparators was also similar
when based on chart-confirmed outcomes (unadjusted RR = 0.84, 95% CI: 0.14, 3.93).
Three outcomes (supraventricular tachycardia, anaphylaxis, and giant cell arteritis) had less
consistent RR trends when RZV recipients were compared with well-visit versus historical
ZVL comparators, though none of these RRs were statistically significantly different from a
null association for either comparator (Tables 3 and 4).

For secondary outcomes (Table 4, lower section), significantly elevated risks were identified
for 4 outcomes: gout, systemic reactions, local reactions, and a combined “any reaction”
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group. RRs ranged from 1.08 (gout) to 2.75 (local reactions). The risk of pneumonia was
significantly lower for RZV vaccinees than for well-visit comparators (RR = 0.83, 95% CI:
0.75, 0.93).

End-of-surveillance subgroup analyses

Web Figure 1 (available at https://doi.org/10.1093/aje/kwac170) presents a forest plot with
propensity-score—adjusted RRs and 95% Cls comparing risks for RZV recipients with
those for well-visit comparators for the 6 highest-prevalence primary outcomes for which
subgroup exploration was possible. RRs are depicted overall and by dose (1 dose vs. 2
doses), age group (age 50-64 years vs. =65 years), and site. Web Figure 2 provides similar
information for the most common secondary outcomes. RRs were largely consistent across
subgroups or, because of sparsity, too imprecise to draw conclusions from. Exceptions
included 1) experiencing convulsions or making an urgent or emergency health-care visit for
any reason, where the RRs trended above 1 for persons aged 50-64 years and below 1 for
those aged =65 years, and 2) polymyalgia rheumatica, for which the RR was above 1 for
dose 2 but not dose 1. In addition, more variability in RRs was generally observed across
sites as compared with other subgroups, with wider uncertainty at several smaller sites for
many outcomes.

DISCUSSION

Among 647,833 RZV doses received from January 2018 through December 2019, we did
not detect a sustained increased risk of any sequentially monitored primary outcome for
RZV recipients relative to either historical ZVL recipients or non—-RZV-vaccinated well-visit
comparators. Two preliminary safety signals, one for Bell’s palsy and one for GBS, were
observed early during surveillance. However, the Bell’s palsy RR became attenuated to less
than 1 with accumulation of more data by the end of surveillance, and the initially higher RR
was not replicated when using a well-visit concurrent comparator. For GBS, the RR was also
considerably attenuated over time. In addition, signal follow-up involving physician chart
review of outcomes determined that half of the presumptive cases among RZV recipients
were not confirmed upon validation, yielding too few (n7= 3) truly incident cases to draw
meaningful conclusions. In addition, the direction of the estimated RR for GBS was mixed
when using ZVL historical (RR > 1) versus well-visit (RR < 1) comparators, for both the
presumptive and chart-validated event definitions, reflecting further uncertainty.

We also compared RZV recipients with well-visit comparators for a set of secondary,
relatively more common events, several of which were explored previously in prelicensure
randomized efficacy trials for RZV (4, 5). Consistent with the 2 placebo-controlled pivotal
phase 3 trials (4, 5), we found significantly elevated risks of local, systemic, or nonspecific
adverse reactions postvaccination among RZV recipients. Despite intrinsic design and
methodological differences, our estimated RR of any postvaccination reaction (RR = 1.27)
was of a comparable order of magnitude to the pooled trial RR estimate of unsolicited
adverse event risk (RR = 1.58) (10) and was similarly driven by both local and systemic
symptoms. The lack of significant difference between RZV and well-visit groups with
respect to urgent or emergency department health-care visits 1-7 days after vaccination
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also suggests that, as in prelicensure trials, most adverse reactions were not severe. This
information is important, as it shows health providers that although such presentations are
common after RZV, patients may not need elaborate workup. This is helpful information
that can be used to counsel potential recipients of RZV. Last, our study identified a

slight increase in risk of gout for RZV vaccinees (RR = 1.08) that parallels the numerical
imbalance previously noted for gout as an exploratory prelicensure finding (reporting ratio =
3.38, 95% CI: 1.49, 8.60) (34) and discussed by Didierlaurent et al. (35).

Although our study was designed to detect potential adverse safety risks associated with
RZV, we also observed that risks of several outcomes (myocardial infarction, Bell’s

palsy, anaphylaxis, pneumonia) were statistically significantly lower among RZV vaccinees
than among well-visit comparators. These potentially protective associations should be
interpreted with caution, since the upper limits of the 95% Cls only excluded the null

value of no association (RR = 1) by a small amount. If we had formally adjusted for
multiple comparisons across the 21 outcomes we evaluated, these associations may not
have achieved statistical significance, so they could have been due to chance. Additionally,
although we adjusted for some measured confounders that attempted to capture healthy-
user behaviors, we cannot exclude the possibility that unmeasured bias may have been
influencing these results, especially since 1) healthy-user bias is known to be large when
estimating associations of other vaccines (like influenza) with outcomes (like pneumonia) in
seniors, and 2) healthy-user behaviors are known to be difficult to measure accurately using
EHR data (16). This issue warrants additional evaluation in future studies.

This study shares the many well-documented strengths of other safety surveillance studies
that have been conducted within the VSD (17-29). Its nimble data infrastructure with real-
time data updating, combined with use of a sequential design that involves frequent testing
over time, facilitates early detection of potential safety signals. The large, well-defined, and
geographically diverse population enables the study of rare adverse events. The presence of
an interdisciplinary collaborative team, which includes clinicians who are directly embedded
in the health systems that capture the EHR data, permits rapid investigation of preliminary
findings via real-time chart validation and bolsters the integrity of results. Further, although
it was not implemented in the current study, the VSD can conduct real-time monitoring

of chart-confirmed outcomes (e.g., for GBS) rather than reserving chart confirmation as

a later follow-up step to presumptive /nternational Classification of Diseases code—based
outcome monitoring, as demonstrated in the recent coronavirus disease 2019 mRNA vaccine
surveillance study (36). An additional novel analytical strength of the current study is the use
of a smooth propensity score adjustment method (32) to obtain adjusted causal estimates,
which would not have otherwise been possible for rare events like GBS.

This study shares the known limitations of health-care database studies that rely on

EHR data, which are not collected for research purposes (17-29, 36): variable accuracy

of diagnostic-code—based adverse event definitions and onset timing (37-42), potentially
incomplete capture of vaccination status, and the possibility of missing or incomplete data
due to delays in claims by some health-care systems (29). To minimize the latter challenge,
we did not include subjects in analyses until 12 weeks had elapsed since their vaccination
date. In addition, at the time of each analysis, we cumulatively refreshed all data that
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had been collected since the start of surveillance in order to include the most up-to-date
information. Additionally, as in other safety surveillance studies (17-29, 36) where early
detection is the highest priority, this sequential design was purposefully conservative, with
relatively low signaling thresholds in early analyses, to facilitate rapid identification of true
safety concerns and prevent potential harm among healthy vaccinees. The inherent trade-off
is that false-positive signals can occur early in the surveillance period (when the number of
events is relatively few and variability is higher) that are not ultimately chart-confirmed.

There were limitations to using a historical ZVL comparator group. It is possible that
vaccination against herpes zoster, be it with RZV or ZVL, may provoke similar immune
responses (43). If ZVL increases the risk of an adverse outcome due to an immune
mechanism, then RZV may also increase risk via the same mechanism, which would not
allow detection of a true increased risk due to RZV. In addition, use of a concurrent
instead of historical comparison group would have been ideal to inherently control for any
potential temporal bias, but it was difficult to identify a well-suited concurrent comparator
group in advance due to uncertainty about who might receive RZV and whether ZVL

use would continue. After observing the characteristics of the RZV cohort by the end of
the surveillance period, however, we were able to find and use a comparable concurrent
well-visit group in secondary end-of-study analyses, with results largely similar to those
seen using ZVL comparators.

Overall, this study provides additional reassurance regarding the overall safety of RZV in
real-world practice, but there is additional research worth pursuing. Future studies that build
on this initial surveillance effort are critical and could include an evaluation of nonacute
events (e.g., from 43 days to 1 year postvaccination), data mining for outcomes that are

not prespecified in advance, deeper exploration to better understand reasons for differences
in some findings by site, and more focused follow-up investigations using chart-validated
outcomes to further strengthen the level of evidence generated. Last, given the insidious
nature of healthy-user bias and its impacts on estimation of associations in vaccine studies of
older adults (16, 30), it will be useful to leverage novel and more sophisticated methods to
address unmeasured confounding, such as double-negative control adjustment (44), to more
fully assess the validity of the apparent protective associations we observed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure2.
Monthly estimated relative risk of Guillain-Barré syndrome (GBS) and Bell’s palsy

over time as recombinant zoster vaccine (RZV) was administered in a Vaccine Safety
Datalink study cohort, January 2018-December 2019. The large square indicates where the
preliminary signal occurred.
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