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Background. This ongoing follow-up study evaluated the persistence of efficacy and immune responses for 6 additional years
in adults vaccinated with the glycoprotein E (gE)-based adjuvanted recombinant zoster vaccine (RZV) at age >50 years in 2 pivotal
efficacy trials (ZOE-50 and ZOE-70). The present interim analysis was performed after >2 additional years of follow-up (between
5.1 and 7.1 years [mean] post-vaccination) and includes partial data for year (Y) 8 post-vaccination.

Methods. Annual assessments were performed for efficacy against herpes zoster (HZ) from Y6 post-vaccination and for anti-gE antibody
concentrations and gE-specific CD4[2+] T-cell (expressing >2 of 4 assessed activation markers) frequencies from Y5 post-vaccination.

Results.  Of7413 participants enrolled for the long-term efficacy assessment, 7277 (mean age at vaccination, 67.2 years), 813, and
108 were included in the cohorts evaluating efficacy, humoral immune responses, and cell-mediated immune responses, respectively.
Efficacy of RZV against HZ through this interim analysis was 84.0% (95% confidence interval [CI], 75.9-89.8) from the start of this
follow-up study and 90.9% (95% CI, 88.2-93.2) from vaccination in ZOE-50/70. Annual vaccine efficacy estimates were >84% for
each year since vaccination and remained stable through this interim analysis. Anti-gE antibody geometric mean concentrations and
median frequencies of gE-specific CD4[2+] T cells reached a plateau at approximately 6-fold above pre-vaccination levels.

Conclusions. Efficacy against HZ and immune responses to RZV remained high, suggesting that the clinical benefit of RZV in
older adults is sustained for at least 7 years post-vaccination.

Clinical Trials Registration. NCT02723773.
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Herpes zoster (HZ) is a disease caused by reactivation of the
varicella-zoster virus (VZV), which establishes lifelong latency in
the dorsal root ganglia after the initial infection. HZ occurs most

Received 31 March 2021; editorial decision 8 July 2021; published online 20 July 2021.
*Zoster-049 Study Group members are listed below the Supplementary Data section.
“Present affiliation: GSK, Wavre, Belgium.
®Present affiliation: PATH, Washington, DC.
Correspondence: Andrew Hastie, 14200 Shady Grove Road, Rockville, MD, 20850
(andrew.x.hastie@gsk.com).
Clinical Infectious Diseases® 2022;74(8):1459-67
© The Author(s) 2021. Published by Oxford University Press for the Infectious Diseases Society
of America. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted

frequently after the age of 50 years, and the risk of HZ increases
further with age due to immunosenescence [1, 2]. HZ can have
painful and debilitating complications, such as post-herpetic neu-
ralgia [2], yet it is preventable by vaccination [3-5]. As vaccine-
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induced immunity can wane over time [6], it is critical to assess if
vaccines induce long-lasting protective immunity. For instance, a
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single dose of the live-attenuated zoster vaccine (ZVL, Zostavax,
Merck Sharp & Dohme Corp) was 68% effective against HZ in in-
dividuals aged >50 years during the first year post-vaccination, but
its effectiveness waned to 32% by the eighth year post-vaccination
[7]. Its efficacy against HZ in those aged >60 years also dropped
from 62% in the first year post-vaccination to nonstatistically sig-
nificant levels beyond the eighth year post-vaccination [8].

The adjuvanted recombinant zoster vaccine (RZV, Shingrix,
GSK), consisting of recombinant varicella-zoster glycoprotein
E (gE) and the ASO1, adjuvant system, and administered as a
2-dose schedule, demonstrated >90% efficacy against HZ in all
age groups >50 years, which was maintained over a 3.2- and
3.7-year follow-up period in 2 pivotal phase 3 trials (ZOE-50
and ZOE-70, respectively) [4, 5]. While a correlate of protection
has not been established to date, additional data have shown
that immune responses to RZV plateau at a substantial level
above baseline from the fourth year post-vaccination onward,
and mathematical modeling predicts that immune responses
will persist at least 20 years post-vaccination [9].

At approximately 5 years after the 2-dose vaccination course
in ZOE-50/70, former study vaccinees were offered the pos-
sibility to enroll in a long-term follow-up (LTFU) study
evaluating RZV’s efficacy, immunogenicity, and safety for 6 ad-
ditional years. Here, we present the results of an interim analysis
based on data collected after at least 2 of the 6 additional years
of follow-up from this LTFU study.

METHODS

Study Design
This is an ongoing open-label, phase 3B, LTFU study of the piv-
otal phase 3 clinical trials with RZV (ZOE-50: NCT01165177
and ZOE-70: NCT01165229; approximately 30 000 participants),
which is being conducted at 163 centers in 18 countries/regions
(Australia, Brazil, Canada, Czech Republic, Estonia, Finland,
France, Germany, Hong Kong, Italy, Japan, Republic of Korea,
Mexico, Spain, Sweden, Taiwan, the United Kingdom, and the
United States). The study was initiated on 16 April 2016, and the
data lock point for the interim analysis presented herein was on
30 July 2019, when participants had completed at least 2 addi-
tional years of follow-up (Figure 1). The total follow-up period
varied between participants, but data accrual through year (Y) 7
post-vaccination was complete at the data lock point. Since many
study participants had already reached Y8 post-vaccination at the
data lock point, we also present partial results for this time point.
All participants or their legally acceptable representatives
provided written informed consent at enrollment. The study
protocol was reviewed and approved by national, regional, or
investigational center independent ethics committees or insti-
tutional review boards. The study was conducted in accordance
with the Declaration of Helsinki and the Principles of Good
Clinical Practice. The study is registered on ClinicalTrials.gov
(NCT02723773).

In addition to the LTFU for RZV’s efficacy, immunogenicity,
and safety, this study also aimed to evaluate the administration
of 1 or 2 additional RZV doses, for which a subset of 240 par-
ticipants were randomized 1:1:2 to receive 1 RZV dose, 2 RZV
doses, or no treatment. The results for revaccination will be dis-
closed in a future publication.

Here, we present the interim results of the LTFU, which are
based on study participants who did not receive additional
RZV doses during this study, including those enrolled only for
LTFU and the participants randomized to receive no treatment
(Figure 2).

Study Participants

The parent phase 3 trials (ZOE-50/7) enrolled adults aged >50
and >70 years, respectively, according to previously described
inclusion/exclusion criteria [4, 5]. ZOE-50/70 participants were
randomized 1:1 to receive 2 RZV or placebo doses, and par-
ticipants who received at least 1 RZV dose were eligible for
inclusion in this phase 3B LTFU study. The use of immuno-
suppressive and immune-modifying treatments and VZV or
HZ vaccines other than RZV (administered during ZOE-50/70)
were not allowed during the study. A complete list of inclusion
and exclusion criteria is presented in Supplementary Materials
1.

Study Vaccine

During the ZOE-50/70 studies, participants received 2 RZV doses,
administered intramuscularly 2 months apart. RZV consists of
50 ug of recombinant VZV gE and the ASO1, adjuvant system
(containing 50 pg of 3-O-desacyl-4’-monophosphoryl lipid A,
50 ug of Quillaja saponaria Molina, fraction 21 [licensed by GSK
from Antigenics LLC, a wholly owned subsidiary of Agenus Inc, a
Delaware, United States, corporation], and liposome) [10]. During
the current LTFU study, no additional RZV doses were adminis-
tered to participants included in the analyses presented herein.

Outcomes and Assessments

Objectives

The primary objective of this study was to assess the efficacy of
RZYV in the prevention of HZ over the total duration of the cur-
rent LTFU study (Figure 1). Secondary objectives included the
assessment of RZV’s efficacy in preventing HZ from 1 month
post-dose 2 (administered in the ZOE-50/70 studies) until
the end of the current LTFU study overall and by year post-
vaccination, persistence of humoral and cell-mediated immune
(CMI) responses to RZV at each year post-vaccination, and
safety.

Ascertainment of HZ cases

Suspected HZ was defined as a new unilateral rash accom-
panied by pain (broadly defined to include allodynia, pru-
ritus, or other sensations) with no alternative diagnosis.

1460 « CID 2022:74 (15 April) « Boutry et al


http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab629#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab629#supplementary-data

Pivotal phase lll
clinical trials

ZOE-50 - NCT01165177
ZOE-70 — NCT01165229

Current follow-up study
through the data lock point
for this interim analysis

NCTO02723773
year  year  year
0 1 2

6 ¢

Initiation date
April 2016

Data lock point
July 2019

4 year year year year
é ﬁ 1 2 3 4
' | |
Initiation date Completion date
August 2010 July 2015
} ~5 years
| ~7 years

Vaccine efficacy

ZOE-50 (Lal, N Engl J Med, 2015)

ZOE-70 (Cunningham, N Engl J Med, 2016)

Immune responses

ZOE-50/70 (Cunningham, J Inf Dis, 2018)

E RZV doses

Blood samples for
immunogenicity assessment*

Primary objective

Efficacy throughout the follow-up study

Secondary objective
Efficacy from 1 month post-dose 2
Secondary objective

Humoral and cell-mediated
immunity persistence throughout
the follow-up study

Secondary objective

Safety

Figure 1. Study design of the pivotal phase 3 clinical trials (ZOE-50 and ZOE-70) and current long-term follow-up study. *Pre-vaccination blood sample and 2 RZV doses
2 months apart. *Collected from subsets of participants for humoral and cell-mediated immunity assessment. Abbreviations: RZV, adjuvanted recombinant zoster vaccine;
Z0E-50, pivotal phase 3 clinical trial of RZV in adults aged >50 years; ZOE-70, pivotal phase 3 clinical trial of RZV in adults aged >70 years.

HZ cases were confirmed following the procedures used in
the ZOE-50/70 studies [4, 5]. Briefly, suspected HZ cases
diagnosed clinically by the investigator were confirmed by
polymerase chain reaction or, when not possible, by a HZ
ascertainment committee (3-5 independent physicians with
HZ expertise) based on the available clinical information (ie,
rash and pain evaluations, digital photographs, and clinical
progress notes).

Assessment of immunogenicity

Anti-gE antibody concentrations were measured by anti-gE
enzyme-linked immunosorbent assay with a technical cutoff
assay quantification of 97 milli-international units per milliliter
(mIU/mL). Frequencies of gE-specific CD4[2+] T cells (CD4+
T cells expressing at least 2 of the 4 activation markers assessed:
interferon-vy, interleukin-2, tumor necrosis factor-a, and CD40

ligand) were measured by intracellular cytokine staining and
detection by flow cytometry after in vitro stimulation with a
pool of peptides covering the gE ectodomain [11].

Assessment of safety

Serious adverse events (SAEs) related to study participation and
HZ complications (ie, post-herpetic neuralgia, disseminated
HZ, and similar complications) were collected and recorded.
Post-herpetic neuralgia was defined as HZ-associated severe
“worst” pain persisting or appearing >90 days post-rash onset.
Disseminated HZ was defined as >6 HZ lesions outside the pri-
mary dermatome.

Statistical Analyses

All analyses were descriptive, and <50% (6406) of evaluable
RZV recipients from the ZOE-50/70 studies were expected to be
enrolled in this LTFU study. The presumed approximately 6000

RZV Long-Term Efficacy & Immune Response « CID 2022:74 (15 April) « 1461



participants evaluable for efficacy would allow a lower limit for
the annual vaccine efficacy estimate >30% to be achieved with
a probability of >99%.

In the ZOE-50/70 studies and this LTFU study, efficacy was
evaluated in the modified total vaccinated cohort (mTVC), re-
stricted to participants who received both RZV doses in the
ZOE-50/70 studies and did not develop a confirmed HZ episode
before 1 month post-dose 2. As the follow-up of a ZOE-50/70
participant for HZ ended at the first confirmed HZ case, inclu-
sion in the mTVC of the current LTFU study was also precluded
by the occurrence of an HZ episode during the ZOE-50/70
studies. In the current study, the follow-up of a participant for
HZ ended at the first confirmed HZ case, last contact date, or
data lock point for the interim analysis. A complementary ef-
ficacy analysis will be performed at the end of the study on all
participants who received at least 1 RZV dose.

In the ZOE-50/70 studies and this LTFU study, humoral
and CMI responses were assessed in subsets of the entire study
population. The persistence of humoral/CMI responses in this
LTFU study was evaluated in the according-to-protocol (ATP)
cohort for persistence, which included all evaluable participants
from the ATP cohort for immunogenicity in the ZOE-50/70
trials who complied with the protocol of the current LTFU
study, had immunogenicity results available at the considered
time point, and did not report a condition that may confound
immunogenicity results, including HZ and malignancy, up to
the time point considered (Figure 2). Long-term safety was
evaluated in participants who were included only in the LTFU.

After demonstrating >90% efficacy of RZV in the ZOE-50/70
trials, 8687 placebo recipients from ZOE-50/70 were also vac-
cinated with RZV in a separate study [12]. Hence, in the absence
of an unvaccinated placebo group for the LTFU, the efficacy
analyses (overall and annual) for the period of this LTFU study
used historical control estimates from the ZOE-50/70 placebo
groups recorded during the trials, adjusted for age and region
at randomization during the ZOE-50/70 studies. Vaccine effi-
cacy was calculated, and 95% confidence intervals (CIs) were
estimated based on the variance of the observed population in
this study and treating the historical control as constant. The
annual estimates for Y1-Y4 were calculated using the actual
incidence rates from the RZV and placebo groups of the ZOE-
50/70 studies. For the pooled overall vaccine efficacy analysis
(ZOE-50/70 + current LTFU study), the annual efficacy results
from the ZOE-50/70 studies were combined with the annual es-
timates from the current LTFU study, and the overall efficacy
and asymptotic CI were calculated giving equal weight to each
annual estimate.

The anti-gE antibody geometric mean concentration (GMC)
calculations were performed by taking the anti-log of the mean
of the log concentration transformations. For GMC calculation,
concentrations below the cutoff of the assay were given an arbi-
trary value equal to half the cutoff.

The frequency of gE-specific CD4[2+] T cells was calcu-
lated as the difference between the frequency of CD4[2+] T
cells stimulated in vitro with gE peptides and those stimulated
with culture medium alone. The results were expressed as the
number of CD4[2+] T cells per 10° total T cells and tabulated
as descriptive statistics (minimum, first quartile, median, third
quartile, maximum).

The Power law model [9], a linear mixed-effect model in
which the log of the response was regressed on the log of the
time, was used to model the log, -transformed anti-gE antibody
GMCs and the geometric mean frequency of CD4[2+] T cells
over time. The covariates included the log-transformed pre-
vaccination response and the annual frame post-vaccination.
Available annual data from Y1-Y8 post-vaccination for parti-
cipants included in the LTFU of this study were used to fit the
model. For Y1-Y3, annual ZOE-50/70 data were used. For Y4,
data were not available due to the gap between the ZOE-50/70
and the present LTFU study (see Figure 1). Statistical analyses
were performed using the SAS Drug Development system (SAS
Institute Inc, Cary, NC, USA).

RESULTS

Study Participants

Of the 14 648 ZOE-50/70 participants who received at least 1
RZV dose [4, 5], 7413 (50.6%) were enrolled for the long-term
efficacy assessment, exceeding the expected sample size. Of
these, 7277 had previously received both RZV doses and were
included in the mTVC for the efficacy assessments, 813 in the
ATP cohort for humoral immunity persistence, and 108 in
the ATP cohort for CMI persistence (Figure 2). In the mTVC,
the mean age at first vaccination in the ZOE-50/70 studies was
67.2 (£9.4) years (Table 1); 60.7% were women, and 76.5% of
participants were of European ancestry. Demographic charac-
teristics in the ATP cohorts for humoral and CMI persistence
were similar to those in the mTVC (Table 1).

Long-Term Efficacy

During the period ranging from a mean of approximately 5.1 to
approximately 7.1 years post-vaccination, 27 and 169 confirmed
HZ cases occurred in the vaccine and control groups, respec-
tively, and thus RZV was 84.0% (95% CI, 75.9-89.8) efficacious
in preventing HZ (Table 2). Through the entire post-vaccination
follow-up period, ranging from 1 month post-dose 2 to a mean of
approximately 7.1 years post-vaccination, 59 and 651 confirmed
HZ cases occurred in the vaccine and control groups, respec-
tively, and thus efficacy of RZV against HZ was 90.9% (95% CI,
88.2-93.2). Annual vaccine efficacy estimates reached a plateau
>84% between Y4 and Y6 post-vaccination (Table 2).

Immunogenicity Persistence
The anti-gE antibody GMC was 1320.5 (95% CI, 1253.6-
1391.0) mIU/mL pre-vaccination, 17 296.9 (95% CI, 16 614.7—-
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b Compliance with the protocol of the follow-up Second RZV dose not received n=113;
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Figure2. Study cohorts. Abbreviations: ATP, according-to-protocol; CMI, cell-mediated immunity; HZ, herpes zoster; mTVC, modified total vaccinated cohort; RZV, adjuvanted
recombinant zoster vaccine; ZOE-50, pivotal phase 3 clinical trial of RZV in adults aged >50 years; ZOE-70, pivotal phase 3 clinical trial of RZV in adults aged >70 years.

Table 1. Summary of Demographic Characteristics

According-to-Protocol

Modified Total Vac- According-to-Protocol Subset for Subset for Cell-Mediated
cinated Cohort, Humoral Immunity Persistence, Immunity Persistence,
Characteristic Parameter or Category N =7277 N =813 N =108
Age at first vaccination Mean + standard deviation 672 £9.4 66.1 £ 9.0 62.6 + 8.2
in ZOE-50 and ZOE-70,
years
Sex, n (%) Female 4419 (60.7) 494 (60.8) 56 (51.9)
Male 2858 (39.3) 319 (39.2) 52 (48.1)
Ethnicity, n (%) American Hispanic or Latino 529 (7.3) 53 (6.5) 0(0.0)
Not American Hispanic or Latino 6748 (92.7) 760 (93.5) 108 (100)
Geographic European 5567 (76.5) 582 (71.5) 75 (69.4)
ancestry,® n (%)
Asian 1354 (18.7) 207 (25.5) 31(28.7)
African 62 (0.9) 8(1.0) 2 (1.9)
Other 294 (4.0) 16 (2.0) 0(0.0)

N is the total number of participants; n (%) is the number (percentage) of participants in a given category.

Abbreviations: ZOE-50, pivotal phase 3 clinical trial of RZV in adults aged >50 years; ZOE-70, pivotal phase 3 clinical trial of RZV in adults aged >70 years.

“European ancestry: Caucasian/European Heritage or Arabic/North African Heritage; Asian ancestry: Central/South Asian Heritage or East Asian Heritage or Japanese Heritage or Southeast
Asian Heritage; African ancestry: African Heritage/African American; Other ancestry: American Indian or Alaskan Native, Native Hawaiian or Other Pacific Islander, or Other.

18 007.1) mIU/mL at Y1 (in ZOE-50/70), 8053.5 (95% CI, CD4[2+] T-cell frequency was 89.8 (interquartile range [IQR],
7239.3-8959.4) mIU/mL at Y5, and plateaued thereafter at 1.0-202.4) pre-vaccination, 799.9 (IQR, 454.3-1277.3) at Y1 (in
>6-fold over the pre-vaccination level (Figure 3A). The median ZOE-50/70), 652.4 (IQR, 314.3-1293.0) at Y6, and plateaued
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Table 2. Vaccine Efficacy in the ZOE-50 and ZOE-70 Studies and the Current Long-Term Follow-up Study After at Least 2 Additional Years of Follow-up

Historical Control®/Placebo Group in ZOE-50 and

Adjuvanted Recombinant Zoster Vaccine ZOE-70°
Sum of Incidence (per Sum of Incidence (per 1000 Vaccine Efficacy, % (95%
N n  Follow-up Years 1000 Person-Years) N n Follow-up Years Person-Years) Confidence Interval)

Vaccine efficacy in the current follow-up study: primary objective (up to the data lock point for the interim analysis in the current follow-up study)

Overall® 7277 27 19 621.7 1.4 7277 169 19 621.7 8.6 84.0 (75.9-89.8)

Vaccine efficacy from 1 month post-dose 2: secondary objective (up to the data lock point for the interim analysis in the current follow-up study)

Overall 13881 59 72 744.6 0.8 13881 651 72 744.6 8.9 90.9 (88.2-93.2)
Year 1° 13 881 3 13 744.5 0.2 14035 130 13823.3 9.4 977 (93.1-99.5)
Year 2° 13669 10 13 415.6 0.7 135664 136 13332.56 10.2 92.7 (86.2-96.6)
VYear 3° 13185 9 13 016.1 0.7 13074 116 12 834.0 9.0 92.4 (85.0-96.6)
Year 4° 12757 10 12 946.7 0.8 12517 95 12 6374 75 89.8 (80.3-95.2)
Year 6° 7277 10 7208.8 1.4 7277 66 7208.8 9.2 84.9 (70.4-93.1)
Year 7° 7097 10 6993.1 1.4 7097 68 6993.1 9.7 85.3 (71.3-93.3)
Year 8 ¢ 6876 7 5160.2 1.4 6876 44 5160.2 8.6 84.1 (64.4-94.0)

No data are available for year 5 because that period corresponds to the gap between ZOE-50 and ZOE-70 and the current follow-up study. The follow-up ceased at the first occurrence of a

confirmed herpes zoster (HZ) episode. N is the number of individuals included in each group; n is the number of individuals having at least 1 confirmed herpes zoster episode.

Abbreviations: ZOE-50, pivotal phase 3 clinical trial of RZV in adults aged >50 years; ZOE-70, pivotal phase 3 clinical trial of RZV in adults aged >70 years.

#Adjuvanted recombinant zoster vaccine (RZV) vs matched historical controls from the placebo group in the ZOE-50/70 studies, adjusted for age and region at randomization during the
Z0E-50/70 studies. The same N and follow-up period were considered for the historical control and vaccinated group. n for historical controls represents the projected number of included
placebo group participants from ZOE-50/70 with at least 1 confirmed HZ episode based on the estimated incidence rate.

PRZV vs placebo recipients from the ZOE-50/70 trials adjusted for region.

°At the data lock point for the interim analysis in the current follow-up study, data collection for year 8 was still incomplete.

P < .0001 for all vaccine efficacy estimates.

thereafter at >6-fold over the pre-vaccination level (Figure 3B).
Similar kinetics resulted by mathematical modeling (Figure 3).

Long-Term Safety

No deaths or other SAEs were considered causally related to
vaccination. Two participants with confirmed HZ reported
HZ-related complications during the LTFU study. At 6 years
and 4 months post-vaccination, in a participant aged 88 years,
an HZ episode involving dermatome C2 (resolved in 55 days)
was complicated by post-herpetic neuralgia. Although slowly
resolving, it was still ongoing at the data lock point. At 7 years
and 3 months post-vaccination, a participant aged 80 years ex-
perienced disseminated HZ of moderate intensity involving
dermatomes L2-L5 posteriorly and dermatomes T10-T11 an-
teriorly, which resolved in 40 days.

DISCUSSION

Almost all adults are infected with VZV and consequently remain
at risk for HZ and potentially severe complications throughout
their lifetime [13]. Reactivation of VZV primarily occurs in adults
aged >50 years, and the risk continues to increase with age [1, 2].
In the absence of HZ vaccination, approximately half of individ-
uals aged >85 years will have had at least 1 HZ episode in their
lifetime [14]. This persistent and increasing risk requires a vac-
cine that offers long-term protection. The current LTFU study of
>7000 participants vaccinated at a mean age of 67.2 years in 2 piv-
otal clinical trials with RZV showed that the efficacy against HZ
remained high through Y7 post-vaccination. A plain language

summary contextualizing the results and their relevance to and
impact on potential clinical research is displayed in Figure 4.
Our study’s primary analysis showed an overall efficacy of
RZV in preventing HZ of 84.0% for the period ranging between
amean of 5.1 and 7.1 years post-vaccination in the ZOE-50/70
studies. From vaccination through a mean of 7.1 years post-
vaccination, efficacy was 90.9%. Annual estimates reached a pla-
teau by Y6, which remained at >84% up to Y8 post-vaccination
when the final assessment in this interim analysis was made. In
contrast, in adults aged >60 years at vaccination, the efficacy of
ZVL became nonstatistically significant beyond the eighth year
post-vaccination [8]. Additionally, the effectiveness of ZVL
against HZ in those aged >50 years decreased from 67.5% in
the first year to 31.8% in the eighth year post-vaccination [7].
In the ZOE-50/70 studies, humoral and CMI responses
peaked at 1 month post-dose 2, declined rapidly through Y1,
and declined slowly or plateaued from Y1 through Y3 post-
vaccination when the last immunogenicity assessment was
made [11]. Throughout the current LTFU study of former ZOE-
50/70 participants, both humoral and CMI responses plateaued
at approximately 6-fold above pre-vaccination levels. This is
consistent with previous observations in adults vaccinated
at the age of >60 years, in whom immune responses to RZV
reached a plateau at Y4 post-vaccination and were maintained
at essentially constant levels through the last assessment at Y10
post-vaccination [9]. In the same study evaluating RZV persist-
ence in adults vaccinated at the age of >60 years, 3 mathematical
models predicted persistence of humoral and CMI responses
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Figure 3. Persistence of humoral and cell-mediated immune responses to RZV in the ZOE-50 and ZOE-70 studies and the current follow-up study up to the data lock point
for the interim analysis (according-to-protocol cohort for immunogenicity persistence). A, Anti-gE antibody GMCs. B, Frequencies of CD4[2+] T cells. *Data not shown because
only 3 participants had available results for this analysis. Abbreviations: CD4[2+] T cells, CD4 T cells expressing at least 2 of 4 assessed activation markers: interferon-y,
interleukin-2, tumor necrosis factor-a., and CD40 ligand; Q1 and Q3, first and third quartiles, respectively; Cl, confidence interval; gE, glycoprotein E; GM, geometric mean;
GMC, geometric mean concentration; N, number of participants with available results; RZV, adjuvanted recombinant zoster vaccine; ZOE-50, pivotal phase 3 clinical trial of
RZV in adults aged >50 years; ZOE-70, pivotal phase 3 clinical trial of RZV in adults aged >70 years.

through at least 20 years post-vaccination [9]. We used the best-  responses in our LTFU study of ZOE-50/70 participants vac-
fitted of these 3 models (based on the Akaike information cri-  cinated at age >50 years and found that modeled immune re-
terion [15]), that is, the Power law model, to model immune sponses were in close agreement with those observed.
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Plain Language Summary

«  Chickenpox is a contagious disease caused by the varicella-zoster virus that typically occurs during

childhood.

«  After symptoms resolve, the virus remains in a latent state in the body and can reactivate later in life to
cause shingles, a painful skin rash also known as herpes zoster.
«  The reactivation occurs due to a reduction in immunity as one ages, with an increased risk as of 50

years of age.

« The zoster vaccine Shingrix (GSK) has proven effective in preventing shingles in older adults by

boosting specific immune responses.

« In this manuscript, we present the interim results of an ongoing long-term assessment of the protection
and immune responses induced by two doses of Shingrix in adults at least 50 years old.
The available results up to year eight after vaccination suggest that the clinical benefit is sustained,

meaning that:

o the induced immune responses and the high level of protection against herpes zoster are

maintained

o no safety concerns arose, and the vaccine safety profile remains favorable j

What is the impact?

* The two-dose Shingrix vaccination could offer long-lasting protection against shingles for the risk group

50 years of age and older.

J

Figure 4. Plain language summary. Abbreviation: GSK, GlaxoSmithKline.

Our results have some limitations but also some strengths.
Almost half of the former ZOE-50/70 participants did not en-
roll in this LTFU study. However, this is likely due to the age of
former ZOE-50/70 participants (mean age >67 years at vaccina-
tion in ZOE-50/70) and the time between vaccination in ZOE-
50/70 and the start of this follow-up study (5 years). At the data
lock point for the present interim analysis, not all participants
had reached Y8 post-vaccination, and since the follow-up is on-
going, precision of the vaccine efficacy estimate and the sample
size for immunogenicity assessments for this time point will
increase in subsequent analyses. Participants will be followed
through 11 years post-vaccination, and final data will confirm
whether the observed plateaus in immune responses and vac-
cine efficacy persist. While HZ cases that occurred during the
ZOE-50/70 and this LTFU study were ascertained according to
the same strict protocol, those that occurred during the 1-year
gap between the ZOE-50/70 and this LTFU study were only re-
corded at enrollment, without being confirmed per the same
protocol. Therefore, vaccine efficacy for Y5 could not be esti-
mated. This LTFU study did not have a concomitant placebo
group, as placebo recipients from ZOE-50/70 had received RZV
in a subsequent study [12]. Hence, we used HZ incidences from
the placebo group of the ZOE-50/70 studies (adjusted for age
and region at randomization in ZOE-50/70) to calculate vaccine
efficacy in the present LTFU study. While previous long-term

immunogenicity data were generated in a population of approx-
imately 70 White adults vaccinated at age >60 years [9], our im-
munogenicity data were generated along with efficacy data on
a larger and racially more heterogeneous population that also
included adults aged 50-59 years at vaccination, suggesting that
our results may be generalized to a broader population.

CONCLUSIONS

This LTFU study of >7000 former participants of the ZOE-50/70
pivotal clinical trials with RZV shows that the efficacy against
HZ remained high (84%) from approximately 5 to 7 years after
the 2-dose vaccination course administered at the age of >50
(mean, 67.2) years. Annual vaccine efficacy estimates were
>84% for each year since vaccination and were stable during
this follow-up study through the interim analysis. Both hu-
moral and CMI responses to RZV also plateaued throughout
this LTFU, at >6-fold above pre-vaccination levels. Our findings
suggest that the clinical benefit of RZV in older adults is sus-
tained for at least 7 years post-vaccination.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases on-
line. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the corre-
sponding author.
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