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ABSTRACT
In two large clinical trials (ZOE-50 [NCT01165177] and ZOE-70 [NCT01165229]), two doses of the adju
vanted recombinant zoster vaccine (RZV) demonstrated >90% efficacy (VE) against herpes zoster (HZ) in 
adults ≥50 years of age (YOA). This post-hoc analysis assessed the VE against HZ and postherpetic 
neuralgia (PHN), in participants from Asian study sites enrolled in ZOE-50/70. Reactogenicity and safety 
were also assessed. Participants ≥50 YOA were randomized 1:1 to receive 2 doses of either RZV or placebo, 
2 months apart. VE was evaluated for a median follow-up of 4 years post-vaccination overall and by age in 
the ZOE-50 Asian population ≥50 YOA and in the pooled ZOE-50/70 Asian population ≥70 YOA. Of the 
2,729 participants included in the ZOE-50 Asian population ≥50 YOA, 3 RZV and 66 placebo recipients 
reported a confirmed HZ episode. Overall VE was 95.6% (95% confidence interval [CI]: 86.4–99.1) against 
HZ and 100% (95% CI: 35.44–100) against PHN. In the pooled ZOE-50/70 Asian population ≥70 YOA, 4 RZV 
and 75 placebo recipients out of the 2,723 participants reported a confirmed HZ episode. Overall VE was 
94.7% (95% CI: 85.9–98.6) against HZ and 89.8% (95% CI: 28.39–99.77) against PHN. Pain and myalgia were 
the most frequent solicited local and general adverse events, respectively, in both populations. No safety 
concern was identified during the study periods. RZV is highly efficacious against HZ and PHN and has an 
acceptable safety profile in Asian populations ≥50 YOA, similar to what was observed in the general ZOE- 
50/70 populations.
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Introduction

After primary infection causing varicella (chickenpox), the var
icella-zoster virus (VZV) establishes latency in the sensory ganglia 
and may later reactivate to cause herpes zoster (HZ), also known 
as shingles. HZ, typically characterized by a painful, dermatomal 
rash, causes a significant global health burden1–3 and is associated 
with substantial morbidity and impact on quality of life among 
older adults, in whom most cases occur.4–6 Immunocompromised 
individuals are also at increased risk of developing HZ.7,8 The 
most frequent complication of HZ is postherpetic neuralgia 
(PHN), occurring in up to 30% of patients.2,9,10 PHN substantially 
impacts physical, psychological, and social functioning of affected 
individuals.4 The incidence of HZ increases with age and in the 

presence of immunocompromising conditions, both of which 
lead to declines in cell-mediated immunity.3 In a recent systematic 
review, female sex, ethnicity, genetic predisposition, and comor
bidities were also associated with increased risk of HZ.11

The adjuvanted recombinant zoster vaccine (RZV; 
Shingrix; GSK) consists of a recombinant VZV glycoprotein 
E (gE) and the liposome-based AS01B adjuvant system 
(containing 50 μg of 3-O-desacyl-4ʹ-monophosphoryl lipid 
A and 50 μg of Quillaja saponaria Molina, fraction 21 
[licensed by GSK from Antigenics LLC, a wholly owned 
subsidiary of Agenus Inc., a Delaware, USA corporation] 
and liposome). The resulting formulation enhances cell- 
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mediated immune responses and overcomes immunosenes
cence in both healthy and immunocompromised adult 
populations.12 The efficacy and safety of RZV in older 
adults were evaluated in two large pivotal Phase III rando
mized, observer-blind, placebo-controlled trials comprising 
approximately 30,000 adults ≥50 years of age (YOA) (ZOE- 
50, NCT01165177) and ≥70 YOA (ZOE-70, NCT01165229) 
across 18 countries in North America, Latin America, 
Europe, Asia, and Australia.13,14 Over a median follow-up 
of 4 years in adults ≥50 and ≥70 YOA, RZV demonstrated 
97.2% and 91.3% efficacy against HZ, and 91.2% and 88.8% 
efficacy against PHN, respectively.13,14 The vaccine 
appeared efficacious against HZ and PHN irrespective of 
sex, region, or geographic ancestry/ethnicity.15 In several 
countries worldwide, RZV is currently licensed and recom
mended for the prevention of HZ and, in some cases, PHN 
in adults ≥50 YOA.16,17 In Asia, RZV was approved in 
Japan (2018) and China (2019) for the prevention of HZ 
in adults ≥50 YOA.18,19 Licensure in other Asian countries 
is also anticipated.

In the Asia-Pacific region, limited data are available on 
HZ incidence, although there appears to be no apparent 
difference in HZ epidemiology nor risk factors for develop
ing HZ between this region and other parts of the 
world.2,20–23 As HZ-specific vaccine-related data is lacking 
in Asia, there is a large interest for information on HZ 
vaccine safety, efficacy, and effectiveness in the local 
populations.24 Therefore, we considered it important to per
form this post-hoc analysis of the pivotal ZOE-50 and ZOE- 
70 trials, focusing on the Asian participants. We report the 
efficacy of RZV against HZ and its major complication, PHN 
in the Asian sub-cohort including adults from Hong Kong, 

Japan, South Korea, and Taiwan. Reactogenicity and safety 
were also assessed. A plain language summary contextualiz
ing the results and potential clinical research relevance and 
impact is presented in Figure 1.

Methods

Study design and participants

The ZOE-50/70 (Zoster-006/-022) clinical trials had a similar 
design and were conducted in parallel at the same centers, 
using methodologies that allowed the pooling of data. 
Protocol summaries are available at http://www.gsk- 
clinicalstudyregister.com (studies 110390 and 113077). 
Anonymized individual participant data and study documents 
can be requested for further research at www.clinicalstudyda 
tarequest.com. Adults aged ≥50 years were eligible for partici
pation unless they had a history of HZ, had previously been 
vaccinated against varicella or HZ, or had an immunosuppres
sive condition. Detailed inclusion and exclusion criteria are 
presented in the Supplementary material. Participants were 
randomized 1:1 to receive 2 doses of either RZV or saline 
placebo 2 months apart. Participants ≥70 YOA were first ran
domly allocated to either the ZOE-50 or ZOE-70 study and 
then randomized to receive either vaccine or placebo. Both 
studies were conducted in compliance with the Declaration of 
Helsinki, the principles of Good Clinical Practice, and all 
applicable regulatory requirements. Study protocols were 
approved by the appropriate independent ethics committee 
or institutional review board at each study center. Written 
informed consent was obtained from all participants before 
entering the study.

Figure 1. Plain language summary.
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Assessment of vaccine efficacy (VE)

VE against HZ and PHN was evaluated in adults ≥50 YOA 
included in the modified total vaccinated cohort (mTVC) 
of the ZOE-50 study (referred to as ZOE-50 Asian popu
lation ≥50 YOA hereafter) and in adults ≥70 YOA from 
the ZOE-50/70 trials included in the pooled mTVC 
(pooled ZOE-50/70 Asian population ≥70 YOA). The 
mTVC for both populations included participants from 
the ZOE-50 and/or ZOE-70 total vaccinated cohort 
[TVC] who received both doses and had no confirmed 
HZ episode within 30 days post-dose 2.

A suspected HZ case, defined as a new unilateral rash 
accompanied by pain and no alternative diagnosis, was 
confirmed from lesion samples by polymerase chain reac
tion (PCR). In the case that the PCR result was considered 
inconclusive or if samples were not available, final diagnosis 
was determined by an HZ ascertainment committee for 
case confirmation.13,14 PHN was defined as severe pain 
that persisted or developed more than 90 days after rash 
onset. For efficacy assessment, only the first confirmed HZ 
episode was considered, and the follow-up period for the 
efficacy assessment ended at the time of the first occur
rence, if the participant was lost to follow-up, or at 
study end.

Assessment of reactogenicity and safety

Reactogenicity was evaluated in a sub-cohort of participants that 
recorded solicited local (pain, redness, swelling) and general (fati
gue, gastrointestinal symptoms, headache, myalgia, shivering, 
fever) adverse events (AEs) on diary cards for 7 days after each 
vaccination. Safety assessment was performed on the TVC, includ
ing all participants enrolled from Asia, who received at least one 
dose of RZV or placebo. Unsolicited AEs were collected for 30 days 
after each vaccination. If present, AEs were graded on a three- 
point scale from 1 (mild) to 3 (severe AE preventing normal daily 
activity). Serious AEs (SAEs) were collected up to 12 months post- 
dose 2, while SAEs with causal relationship to the vaccination, fatal 
SAEs, and potential immune-mediated diseases (pIMDs; new 
onset and possible exacerbations)25 were collected over the entire 
study periods. Causality of AEs to study vaccination was assessed 
by the investigator (as defined in the protocol). Results on pooled 
safety data from ZOE-50/70 trials have been recently published.26

Statistical analysis

The pivotal studies were not designed to assess VE in study 
sub-populations, thus these post-hoc analyses were descriptive. 
VE was defined as 1 minus the ratio of HZ incidence in the 
RZV group over that in the Placebo group and calculated using 
the Poisson method. VE was evaluated for a median follow-up 
of 4 years post-vaccination overall and by age (50–59 YOA, 
60–69 YOA, 70–79 YOA, ≥70 YOA, ≥80 YOA). The percen
tage of participants with at least one event was calculated with 
the exact 95% confidence interval (CI). All statistical analyses 
were performed using SAS software 9.2 (SAS Institute), and 
StatXact software 8.1 (Cytel).

Results

Study population results

In the ZOE-50 Asian population ≥50 YOA, 1,432 RZV and 
1,434 placebo recipients were included in the TVC, having 
a mean age of 62.0 years in both groups (Table 1). Of them, 
1,357 (94.8%) RZV and 1,378 (96.1%) placebo recipients 
received a complete 2-dose regimen; 815 and 813, respectively, 
were included in the diary card sub-cohort. The mTVC con
sisted of 1,357 RZV and 1,372 placebo recipients.

In the pooled ZOE-50/70 Asian population ≥70 YOA, 1,471 
RZV and 1,472 placebo recipients with a mean age of 75.9 years 
and 76.0 years, respectively, were included in the TVC (Table 1). 
Of them, 1,348 (91.6%) and 1,382 (93.9%) participants, respec
tively, received both RZV/placebo doses and 411 and 412 parti
cipants were included in the diary card sub-cohort. The mTVC 
comprised of 1,347 RZV and 1,376 placebo recipients.

The most frequent reasons for withdrawal from the study were 
consent withdrawal (not due to an AE), SAE, and loss to follow-up 
in both ≥50 YOA and pooled ≥70 YOA Asian populations.

VE against HZ

In the ZOE-50 Asian population ≥50 YOA, overall VE against 
HZ was 95.6% (95% CI: 86.4–99.1) (Figure 2A). Three partici
pants reported at least one confirmed HZ episode in the RZV 
group; one participant in each of the 50–59 YOA, 60–69 YOA, 
and ≥70 YOA strata. Two HZ episodes were reported in Year 2 
and one HZ episode in Year 4. In the Placebo group, a total of 
66 participants reported at least one confirmed HZ episode: 31 
in the 50–59 YOA, 23 in the 60–69 YOA, and 12 in the ≥70 
YOA strata. Twelve episodes were reported in Year 1 and 18 
episodes in each of Year 2 to 4.

In the pooled ZOE-50/70 Asian population ≥70 YOA, over
all VE against HZ was 94.7% (95% CI: 85.9–98.6) (Figure 2B). 
Four participants (three participants in 70–79 YOA strata; one 
participant in ≥80 YOA strata) reported at least one HZ epi
sode in the RZV group. Three HZ episodes were reported in 
Year 2 and one episode in Year 3. In the Placebo group, 75 HZ 
episodes were reported: 59 in the 70–79 YOA and 16 in the ≥80 
YOA strata. Twenty-one episodes were reported in Year 1 and 
18 episodes in each of Year 2 to 4.

Table 1. Demographic characteristics of participants (total vaccinated cohort).

ZOE-50 Asian population 
≥50 YOA

Pooled ZOE-50/70 Asian 
population ≥70 YOA

RZV 
(N = 1432)

Placebo 
(N = 1434)

RZV 
(N = 1471)

Placebo 
(N = 1472)

Number of 
participants, n (%)

Hong Kong 236 (16.5) 234 (16.3) 126 (8.6) 123 (8.4)
Japan 288 (20.1) 289 (20.2) 322 (21.9) 322 (21.9)
South Korea 268 (18.7) 271 (18.9) 331 (22.5) 335 (22.7)
Taiwan 640 (44.7) 640 (44.6) 692 (47.0) 692 (47.0)
Age at dose 1  

(years±SD)
62.0 ± 9.1 62.0 ± 9.0 75.9 ± 4.7 76.0 ± 4.7

Female, n (%) 880 (61.5) 863 (60.2) 740 (50.3) 768 (52.2)

RZV, participants receiving the adjuvanted recombinant zoster vaccine; Placebo, 
participants receiving placebo; YOA, years of age; N, total number of partici
pants; n (%), number (percentage) of participants in each category; SD, standard 
deviation
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VE against complication PHN

In the ZOE-50 Asian population ≥50 YOA, no PHN episodes 
were reported in the RZV group, while six PHN episodes (three 
episodes in the 50–59 YOA, one in the 60–69 YOA, and two in 
the ≥70 YOA stratum) were reported in the Placebo group. VE 
against PHN is therefore 100% (95% CI: 35.4–100) in this 
population. In the pooled ZOE-50/70 Asian population ≥70 
YOA, one RZV recipient (in the ≥80 YOA stratum) reported 
a PHN episode; in the Placebo group, a total of 10 PHN 
episodes (seven episodes in the 70–79 YOA and 3 episodes in 
the ≥80 YOA stratum) were reported, resulting an overall VE 
of 89.8% (95% CI: 28.4–99.8) against PHN.

Reactogenicity

Reactogenicity was assessed in the diary card sub-cohort. In 
the ZOE-50 Asian population ≥50 YOA, 685 (85.6%) RZV, 
and 122 (15.3%) placebo recipients reported at least one 
solicited local AE, with a median duration of 3 d for each 
symptom; 84 (10.5%) and 3 (0.4%) participants, respectively, 

reported at least one grade 3 solicited local event. Pain was 
the most frequent solicited local AE. Grade 3 pain was 
reported by 52 (6.5%) RZV and 3 (0.4%) placebo recipients 
(Figure 3A). In the pooled ZOE-50/70 Asian population ≥70 
YOA, 311 (77.8%) RZV, and 60 (14.9%) placebo recipients 
reported at least one solicited local AE, with a median 
duration of 3 d for each symptom. AEs at grade 3 intensity 
were reported by 38 (9.5%) RZV recipients. No grade 3 AE 
was recorded in the Placebo group. Pain was the most 
frequent solicited local AE. Fourteen (3.5%) RZV recipients 
reported pain at grade 3 intensity (Figure 3B).

In the ZOE-50 Asian population ≥50 YOA, 592 (74.0%) 
RZV, and 226 (28.3%) placebo recipients reported at least 
one solicited general AE, with a median duration of 2 d for 
most solicited general symptoms and 1 d for fever; 81 (10.1%) 
and 13 (1.6%) participants, respectively, reported a general AE 
at grade 3 intensity. The most frequently reported solicited 
general AEs were myalgia, fatigue, and headache in both the 
RZV and the Placebo group (Figure 3A). Most of the reported 
solicited general AEs were assessed by investigators as causally 
related to vaccination in both groups.

Figure 2. Vaccine efficacy against first or only episode of HZ by age and follow-up year in (A) ZOE-50 Asian population ≥50 YOA and (B) pooled ZOE-50/70 Asian 
population ≥70 YOA (modified total vaccinated cohort). HZ, herpes zoster; RZV, participants receiving the adjuvanted recombinant zoster vaccine; Placebo, participants 
receiving placebo; YOA, years of age; N, number of participants; n, number of confirmed HZ episodes. *vaccine efficacy adjusted by age strata; #vaccine efficacy adjusted 
by age strata and region. Year 1, from 30 days to 395 days post-dose 2; Year 2, from >395 days to 760 days post-dose 2; Year 3, from >760 days to 1125 days post-dose 2; 
Year 4, from >1125 days post-dose 2 until last contact date. Error bars depict 95% confidence intervals.
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In the pooled ZOE-50/70 Asian population ≥70 YOA, at 
least one solicited general AE was reported by 242 (60.5%) RZV 
and 117 (29.0%) placebo recipients, with a median duration of 
2 d for most solicited general symptoms and 1 d for fever. 
Twenty-two (5.5%) RZV and 4 (1.0%) placebo recipients 
reported a solicited general AE at grade 3 intensity. In both 
groups, the most common solicited general AEs were fatigue, 
myalgia, and headache (Figure 3B), and most of the reported 
general AEs were assessed as causally related to vaccination in 
both study groups.

Safety

Within the 30 days post-vaccination period in the ZOE-50 
Asian population ≥50 YOA, at least one unsolicited AE was 
reported by 753 (52.6%) participants in the RZV and 484 
(33.8%) participants in the Placebo group (Figure 4A). Grade 
3 unsolicited AEs were reported by 71 (5.0%) and 31 (2.2%) 
participants, respectively. In the RZV group, the most common 

unsolicited AEs were solicited events lasting beyond the 7-day 
post-vaccination period (pain, swelling, erythema, and fever). 
In the Placebo group, the most commonly reported unsolicited 
AEs were nasopharyngitis, upper respiratory tract infection, 
headache, and cough.

In the pooled ZOE-50/70 Asian population ≥70 YOA, at 
least one unsolicited AE was reported by 828 (56.3%) partici
pants in the RZV and 511 (34.7%) participants in the Placebo 
group (Figure 4B). Grade 3 unsolicited AEs were reported by 
58 (3.9%) and 29 (2.0%) participants, respectively. In the RZV 
group, the most common unsolicited AEs were injection site 
and general events (pain, swelling, erythema, and fever) 
reported as solicited symptoms in the diary card sub-cohort. 
In the Placebo group, nasopharyngitis, pain, upper respiratory 
tract infection, and dizziness were the most frequently reported 
unsolicited AEs.

In the ZOE-50 Asian population ≥50 YOA, 105 (7.3%) 
participants in the RZV and 122 (8.5%) participants in the 
Placebo group reported a SAE up to 12 months post-dose 2 

Figure 3. Solicited local and general adverse events (AEs) reported within 7 days after vaccination in (A) ZOE-50 Asian population ≥50 YOA and (B) pooled ZOE-50/70 
Asian population ≥70 YOA (TVC diary card sub-cohort). RZV, participants receiving the adjuvanted recombinant zoster vaccine; Placebo, participants receiving placebo; 
TVC, total vaccinated cohort; YOA, years of age; GI, gastrointestinal symptoms; N, total number of participants; n, number of participants reporting the event. Error bars 
depict 95% confidence intervals.
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(Figure 4A). None of the SAEs was assessed by the investigator 
as causally related to vaccination in the RZV group, while two 
SAEs (immune thrombocytopenic purpura and rheumatoid 
arthritis) were considered as related to vaccination in the 
Placebo group. During the entire study period, fatal SAEs 
were reported for 27 (1.9%) RZV and 39 (2.7%) placebo reci
pients. None was assessed as causally related to vaccination.

In the pooled ZOE-50/70 Asian population ≥70 YOA, SAEs 
were reported by 209 (14.2%) participants in the RZV group 
and 194 (13.2%) participants in the Placebo group up to 
12 months post-dose 2. Five SAEs in the RZV group (acute 
myocardial infarction, arthritis bacterial, herpes zoster oticus, 
Guillain-Barre syndrome, and eczema) and one SAE in the 
Placebo group (adenocarcinoma gastric) were considered as 
possibly causally related to vaccination by the treating physi
cian. Fatal SAEs were reported for 76 (5.2%) RZV and 84 
(5.7%) placebo recipients. None was assessed as causally related 
to vaccination.

Discussion

This post-hoc analysis focusing on Asian participants enrolled 
in the ZOE-50 and ZOE-70 trials demonstrated high efficacy of 
RZV against HZ and PHN in this population, similar to what 
was observed in the overall ZOE-50/70 populations.13,14 Point 

estimates for VE against HZ were >90% in all age strata in both 
≥50 YOA and pooled ≥70 YOA populations. Although minor 
differences in reported HZ cases occurred between the follow- 
up years, no significant changes in VE against HZ were 
observed during the 4-year post-vaccination period. Only one 
PHN episode was reported during the study periods. Other 
recently published post-hoc analyses of data from the ZOE-50/ 
70 trials demonstrated no impact of geographic ancestry/eth
nicity, region, sex, or underlying medical conditions at enroll
ment on efficacy of RZV.15,27,28 VE against HZ was 97.2% (95% 
CI: 91.4–99.5) in Europe, 96.1% (95% CI: 88.2–99.3) in Asia/ 
Australia, 95.7% (95% CI: 83.7–100) in North America, and 
96.3% (95% CI: 77.2–100) in Latin America in the ≥50-year- 
olds from the ZOE-50 study and 90.1% (95% CI: 82.0–95.1) in 
Europe, 95.1% (95% CI: 87.0–98.7) in Asia/Australia, 90.1% 
(95% CI: 77.0–96.5) in North America, and 87.3% (95% CI: 
58.1–97.6) in Latin America among the ≥70-year-olds from the 
ZOE-50/70 studies.15 Additionally, RZV vaccination reduced 
the loss of quality of life associated with both HZ and PHN and 
alleviated the severity of HZ-related pain in breakthrough HZ 
episodes.29

Consistent with the overall ZOE-50 and ZOE-70 study 
populations,13,14 RZV was more reactogenic than placebo in 
both ≥50 YOA and pooled ≥70 YOA populations in Asia. Pain 
was the most frequent solicited local AE, and myalgia, fatigue, 

Figure 4. Unsolicited adverse events, serious adverse events, and potential immune-mediated diseases in (A) ZOE-50 Asian population ≥50 YOA and (B) pooled ZOE-50/ 
70 Asian population ≥70 YOA (total vaccinated cohort). RZV, participants receiving the adjuvanted recombinant zoster vaccine; Placebo, participants receiving placebo; 
YOA, years of age; AE, adverse events; SAE, serious adverse events; pIMD, potential immune-mediated disease; N, total number of participants; n, number of participants 
reporting the event. *events recorded during the 30 days post-vaccination period. #Events recorded up to 12 months post-second dose. $Events recorded during the 
entire study period. See text for additional details. Note: Error bars represent 95% confidence interval. Red bars indicate the number of participants with grade 3 
unsolicited AEs.
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and headache were the most frequent solicited general AEs. 
A higher percentage of participants in the RZV group reported 
unsolicited AEs during the 30-day post-vaccination period 
compared to the Placebo group. This imbalance can be attrib
uted to AEs linked to the reactogenicity of RZV, and to the fact 
that only part of the Asian study population was included in 
the diary card sub-cohort, thus solicited to record local and 
general reactogenicity events on diary cards. The occurrence of 
SAE, fatal SAEs, and pIMDs in our Asian sub-cohort was 
similar between study groups, and no new concern for the 
safety of the vaccine was identified during the study periods, 
in line with the safety results on the full study populations.26

The overall compliance with the 2-dose regimen was 94.8% 
(RZV group) and 96.1% (Placebo group) in the ZOE-50 Asian 
population ≥50 YOA and 91.6% (RZV group) and 93.9% 
(Placebo group) in the pooled ZOE-50/70 Asian population 
≥70 YOA. These are consistent with the dose compliance 
achieved in the overall populations (95.6% [RZV group] and 
96.4% [Placebo group] in ZOE-50;13 94.4% [RZV group] and 
95.6% [Placebo group] in ZOE-7014) and support the favorable 
tolerability of RZV. A recent post-hoc analysis of the diary card 
sub-cohort of the pooled ZOE-50/70 population also demon
strated high compliance with the second dose (91.2%) among 
participants who experienced grade 3 reactogenicity event fol
lowing the first RZV dose.30

Results of the present study need to be interpreted consider
ing their limitations. The post-hoc nature of the analyses might 
be considered as a potential limitation. ZOE-50/70 studies were 
not statistically powered to evaluate VE in specific sub- 
populations. Secondly, participants included in this study 
might not be fully representative of the general Asian popula
tion, though the size of the sub-population was substantial, and 
participants were enrolled from different countries. Thirdly, 
this post-hoc analysis did not provide efficacy and safety data 
for RZV in immunocompromised individuals, as the original 
studies excluded individuals with any immunocompromising 
conditions or therapy at study entry. Nevertheless, ZOE-50/70 
trials included a substantial number of frail individuals and 
those with comorbidities, and RZV was effective in reducing 
the risk of HZ in these sub-populations.27

Conclusion

This sub-cohort analysis of ZOE-50/70 trials demonstrated 
that RZV is highly efficacious in preventing HZ and PHN up 
to 4 years following immunization in study participants ≥50 
YOA from the Asian sub-population. VE against HZ and 
PHN was comparable between ≥50-year-old and ≥70-year- 
old Asian participants included in this post-hoc analysis and 
appeared similar to the VE observed in the overall ZOE-50/70 
study populations. RZV showed a clinically acceptable safety 
profile, and no safety concerns arose in this sub-group during 
the study periods.

Acknowledgments

The authors thank the ZOE-50 and ZOE-70 study participants, the ZOE- 
50/70 Asian study group and other study contributors, those who con
ceived and designed the ZOE-50 (NCT01165177) and ZOE-70 

(NCT01165229) studies, and those who collected and interpreted the 
data. These people can be found in the appropriate sections of the primary 
publications.13, 14 The authors would also like to thank the Modis platform 
C/O GSK for editorial assistance and manuscript coordination. Medical 
writing services were provided by Botond Nagy and editorial assistance 
and publication coordination were provided by Sander Hulsmans.

Authors’ contributions

Conceptualization: MC, NJ, JHK, AS, and HT; Validation: MC, JDD, 
AH, NJ, JHK, AS, HT, PW, ZW, and YY; Formal analysis: TZ; 
Investigation: EJC, ALC, DSCH, SJH, JI, JL, EMFL, TT, and CJY; 
Resources: EJC, MC, ALC, DSCH, SJH, JI, JL, EMFL, TT, CJY, and TZ; 
Writing (original draft): NJ, ZW, and YY; Visualization: MC, ALC, JDD, 
AH, SJH, NJ, JHK, AS, HT, PW, ZW, YY, and TZ; Supervision: NJ, AS, 
HT, and PW. All authors contributed to the writing (review & editing) of 
the manuscript and approved the final submission version.

Disclosure of potential conflicts of interest

MC, JDD, AH, JHK, NJ, AS, HT, PW, ZW, YY, and TZ were employees of 
the GSK group of companies (GSK) when the study was designed, 
initiated, and/or conducted. AH, JHK, AS, PW, and TZ hold shares/ 
stock options in GSK as part of their remuneration. ALC received honor
aria paid to his institution from GSK, Merck Sharp & Dohme (Merck), 
and BioCSL/Sequirus outside the submitted work. EJC, DSCH, SJH, JI, JL, 
EMFL, TT, and CJY have nothing to disclose.

Funding

This work was sponsored by GlaxoSmithKline Biologicals SA in all stages 
of the study conduct and analysis. GlaxoSmithKline Biologicals SA also 
took responsibility for all costs associated with the development and 
publishing of the present manuscript.

ORCID

Joon Hyung Kim http://orcid.org/0000-0002-6014-3543
John Diaz-Decaro http://orcid.org/0000-0001-6487-2113
Shinn-Jang Hwang http://orcid.org/0000-0003-3217-6193
Yanfei Yuan http://orcid.org/0000-0002-5366-2599
Toufik Zahaf http://orcid.org/0000-0002-2049-5210
Anthony L. Cunningham http://orcid.org/0000-0002-6744-5667
Anne Schuind http://orcid.org/0000-0003-3544-0682

References

1. Johnson RW, Alvarez-Pasquin MJ, Bijl M, Franco E, Gaillat J, 
Clara JG, Labetoulle M, Michel JP, Naldi L, Sanmarti LS, et al. 
Herpes zoster epidemiology, management, and disease and eco
nomic burden in Europe: a multidisciplinary perspective. Ther Adv 
Vaccin. 2015;3(4):109–20. doi:10.1177/2051013615599151.

2. Kawai K, Gebremeskel BG, Acosta CJ. Systematic review of inci
dence and complications of herpes zoster: towards a global 
perspective. BMJ Open. 2014;4(6):e004833. doi:10.1136/bmjopen- 
2014-004833.

3. Yawn BP, Gilden D. The global epidemiology of herpes 
zoster. Neurology. 2013;81(10):928–30. doi:10.1212/WNL.0b 
013e3182a3516e.

4. Johnson RW, Bouhassira D, Kassianos G, Leplege A, Schmader KE, 
Weinke T. The impact of herpes zoster and post-herpetic neuralgia 
on quality-of-life. BMC Med. 2010;8(1):37. doi:10.1186/1741-7015- 
8-37.

5. Schmader KE, Sloane R, Pieper C, Coplan PM, Nikas A, Saddier P, 
Chan IS, Choo P, Levin MJ, Johnson G, et al. The impact of acute 
herpes zoster pain and discomfort on functional status and quality 

2056 J. H. KIM ET AL.

https://doi.org/10.1177/2051013615599151
https://doi.org/10.1136/bmjopen-2014-004833
https://doi.org/10.1136/bmjopen-2014-004833
https://doi.org/10.1212/WNL.0b013e3182a3516e
https://doi.org/10.1212/WNL.0b013e3182a3516e
https://doi.org/10.1186/1741-7015-8-37
https://doi.org/10.1186/1741-7015-8-37


of life in older adults. Clin J Pain. 2007;23(6):490–96. doi:10.1097/ 
AJP.0b013e318065b6c9.

6. van Wijck AJM, Aerssens YR. Pain, itch, quality of life, and costs 
after herpes zoster. Pain Pract. 2017;17(6):738–46. doi:10.1111/ 
papr.12518.

7. Chakravarty E. Incidence and prevention of herpes zoster reactiva
tion in patients with autoimmune diseases. Rheum Dis Clin North 
Am. 2017;43:111–21. doi:10.1016/j.rdc.2016.09.010.

8. Insinga RP, Itzler RF, Pellissier JM, Saddier P, Nikas AA. The 
incidence of herpes zoster in a United States administrative 
database. J Gen Intern Med. 2005;20(8):748–53. doi:10.1111/ 
j.1525-1497.2005.0150.x.

9. Kawai K, Rampakakis E, Tsai TF, Cheong HJ, Dhitavat J, 
Covarrubias AO, Yang L, Cashat-Cruz M, Monsanto H, 
Johnson K, et al. Predictors of postherpetic neuralgia in patients 
with herpes zoster: a pooled analysis of prospective cohort studies 
from North and Latin America and Asia. Int J Infect Dis. 
2015;34:126–31. doi:10.1016/j.ijid.2015.03.022.

10. Mallick-Searle T, Snodgrass B, Brant JM. Postherpetic neuralgia: epi
demiology, pathophysiology, and pain management pharmacology. 
J Multidiscip Healthc. 2016;9:447–54. doi:10.2147/jmdh.s106340.

11. Kawai K, Yawn BP. Risk factors for herpes zoster: A systematic 
review and meta-analysis. Mayo Clin Proc. 2017;92(12):1806–21. 
doi:10.1016/j.mayocp.2017.10.009.

12. Lecrenier N, Beukelaers P, Colindres R, Curran D, De Kesel C, De 
Saegher JP, Didierlaurent AM, Ledent EY, Mols JF, Mrkvan T, et al. 
Development of adjuvanted recombinant zoster vaccine and its 
implications for shingles prevention. Expert Rev Vaccines. 
2018;17(7):619–34. doi:10.1080/14760584.2018.1495565.

13. Lal H, Cunningham AL, Godeaux O, Chlibek R, Diez-Domingo J, 
Hwang SJ, Levin MJ, McElhaney JE, Poder A, Puig-Barbera J, et al. 
Efficacy of an adjuvanted herpes zoster subunit vaccine in older 
adults. N Engl J Med. 2015;372(22):2087–96. doi:10.1056/ 
NEJMoa1501184.

14. Cunningham AL, Lal H, Kovac M, Chlibek R, Hwang SJ, Diez- 
Domingo J, Godeaux O, Levin MJ, McElhaney JE, Puig-Barbera J, 
et al. Efficacy of the herpes zoster subunit vaccine in adults 70 years 
of age or older. N Engl J Med. 2016;375(11):1019–32. doi:10.1056/ 
NEJMoa1603800.

15. Willer DO, Oostvogels L, Cunningham AL, Gervais P, Gorfinkel I, 
Hyung Kim J, Talarico C, Wascotte V, Zahaf T, Colindres R, et al. 
Efficacy of the adjuvanted recombinant zoster vaccine (RZV) by 
sex, geographic region, and geographic ancestry/ethnicity: A 
post-hoc analysis of the ZOE-50 and ZOE-70 randomized trials. 
Vaccine. 2019;37(43):6262–67. doi:10.1016/j.vaccine.2019.09.028.

16. Dooling KL, Guo A, Patel M, Lee GM, Moore K, Belongia EA, 
Harpaz R. Recommendations of the advisory committee on immuni
zation practices for use of herpes zoster vaccines. MMWR Morb 
Mortal Wkly Rep. 2018;67(3):103–08. doi:10.15585/mmwr. 
mm6703a5.

17. European Medicines Agency. Shingrix. Available at https://www. 
ema.europa.eu/en/medicines/human/EPAR/shingrix Accessed on 
03 Sept 2019.

18. Shingrix approved in Europe and Japan for the prevention of 
shingles in adults aged 50 and over. Available at https://www.gsk. 
com/en-gb/media/press-releases/shingrix-approved-in-europe- 
and-japan-for-the-prevention-of-shingles-in-adults-aged-50-and- 
over/ Accessed 13 March 2020.

19. National Medical Products Administration. Recombinant shingles 
vaccine approved for marketing. Available at http://www.nmpa. 
gov.cn/WS04/CL2056/337895.html Accessed 13 March 2020.

20. Li Y, An Z, Yin D, Liu Y, Huang Z, Xu J, Ma Y, Tu Q, Li Q, Wang H. 
disease burden due to herpes zoster among population aged ≥50 
years old in China: a community based retrospective survey. PLoS 
One. 2016;11(4):e0152660. doi:10.1371/journal.pone.0152660.

21. Lu L, Suo L, Li J, Pang X. A retrospective survey on herpes zoster 
disease burden and characteristics in Beijing, China. Hum Vaccin 
Immunother. 2018;14:2632–35. doi:10.1080/21645515.2018.1489193.

22. Lu WH, Lin CW, Wang CY, Chen LK, Hsiao FY. Epidemiology and 
long-term disease burden of herpes zoster and postherpetic neur
algia in Taiwan: a population-based, propensity score-matched 
cohort study. BMC Public Health. 2018;18(1):369. doi:10.1186/ 
s12889-018-5247-6.

23. Zhu Q, Zheng H, Qu H, Deng H, Zhang J, Ma W, Lin Y, Xie X, 
Qiu Q, Huang Z. Epidemiology of herpes zoster among adults aged 
50 and above in Guangdong, China. Hum Vaccin Immunother. 
2015;11(8):2113–18. doi:10.1080/21645515.2015.1016672.

24. Chen LK, Arai H, Chen LY, Chou MY, Djauzi S, Dong B, Kojima T, 
Kwon KT, Leong HN, Leung EM, et al. Looking back to move 
forward: a twenty-year audit of herpes zoster in Asia-Pacific. BMC 
Infect Dis. 2017;17:213. doi:10.1186/s12879-017-2198-y.

25. Tavares Da Silva F, De Keyser F, Lambert PH, Robinson WH, 
Westhovens R, Sindic C. Optimal approaches to data collection 
and analysis of potential immune mediated disorders in clinical 
trials of new vaccines. Vaccine. 2013;31(14):1870–76. doi:10.1016/j. 
vaccine.2013.01.042.

26. Lopez-Fauqued M, Campora L, Delannois F, El Idrissi M, 
Oostvogels L, De Looze FJ, Diez-Domingo J, Heineman TC, 
Lal H, McElhaney JE, et al. Safety profile of the adjuvanted recom
binant zoster vaccine: pooled analysis of two large randomised 
phase 3 trials. Vaccine. 2019;37(18):2482–93. doi:10.1016/j. 
vaccine.2019.03.043.

27. Oostvogels L, Heineman TC, Johnson RW, Levin MJ, 
McElhaney JE, Van den Steen P, Zahaf T, Dagnew AF, 
Chlibek R, Diez-Domingo J, et al. Medical conditions at enrollment 
do not impact efficacy and safety of the adjuvanted recombinant 
zoster vaccine: a pooled post-hoc analysis of two parallel rando
mized trials. Hum Vaccin Immunother. 2019;15(12):2865–72. 
doi:10.1080/21645515.2019.1627818.

28. Ikematsu H, Yamashita N, Ogawa M, Hirano M, Kovac M, 
Watanabe D. Efficacy, safety and immunogenicity of a novel adju
vanted subunit herpes zoster vaccine in Japanese aged 50 years and 
70 years and older. Kansenshogaku Zasshi. 2018;92(2):103–14. 
doi:10.11150/kansenshogakuzasshi.92.103.

29. Curran D, Oostvogels L, Heineman T, Matthews S, McElhaney J, 
McNeil S, Diez-Domingo J, Lal H, Andrews C, Athan E, et al. 
Quality of life impact of an adjuvanted recombinant zoster vaccine 
in adults aged 50 years and older. J Gerontol A Biol Sci Med Sci. 
2019;74(8):1231–38. doi:10.1093/gerona/gly150.

30. Colindres R, Wascotte V, Brecx A, Clarke C, Hervé C, Kim JH, 
Levin MJ, Oostvogels L, Zahaf T, Schuind A, et al. Post hoc analysis 
of reactogenicity trends between dose 1 and dose 2 of the adjuvanted 
recombinant zoster vaccine in two parallel randomized trials. Hum 
Vaccin Immunother. 2020;1–6. doi:10.1080/21645515.2020.1741312.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 2057

https://doi.org/10.1097/AJP.0b013e318065b6c9
https://doi.org/10.1097/AJP.0b013e318065b6c9
https://doi.org/10.1111/papr.12518
https://doi.org/10.1111/papr.12518
https://doi.org/10.1016/j.rdc.2016.09.010
https://doi.org/10.1111/j.1525-1497.2005.0150.x
https://doi.org/10.1111/j.1525-1497.2005.0150.x
https://doi.org/10.1016/j.ijid.2015.03.022
https://doi.org/10.2147/jmdh.s106340
https://doi.org/10.1016/j.mayocp.2017.10.009
https://doi.org/10.1080/14760584.2018.1495565
https://doi.org/10.1056/NEJMoa1501184
https://doi.org/10.1056/NEJMoa1501184
https://doi.org/10.1056/NEJMoa1603800
https://doi.org/10.1056/NEJMoa1603800
https://doi.org/10.1016/j.vaccine.2019.09.028
https://doi.org/10.15585/mmwr.mm6703a5
https://doi.org/10.15585/mmwr.mm6703a5
https://www.ema.europa.eu/en/medicines/human/EPAR/shingrix
https://www.ema.europa.eu/en/medicines/human/EPAR/shingrix
https://www.gsk.com/en-gb/media/press-releases/shingrix-approved-in-europe-and-japan-for-the-prevention-of-shingles-in-adults-aged-50-and-over/
https://www.gsk.com/en-gb/media/press-releases/shingrix-approved-in-europe-and-japan-for-the-prevention-of-shingles-in-adults-aged-50-and-over/
https://www.gsk.com/en-gb/media/press-releases/shingrix-approved-in-europe-and-japan-for-the-prevention-of-shingles-in-adults-aged-50-and-over/
https://www.gsk.com/en-gb/media/press-releases/shingrix-approved-in-europe-and-japan-for-the-prevention-of-shingles-in-adults-aged-50-and-over/
http://www.nmpa.gov.cn/WS04/CL2056/337895.html
http://www.nmpa.gov.cn/WS04/CL2056/337895.html
https://doi.org/10.1371/journal.pone.0152660
https://doi.org/10.1080/21645515.2018.1489193
https://doi.org/10.1186/s12889-018-5247-6
https://doi.org/10.1186/s12889-018-5247-6
https://doi.org/10.1080/21645515.2015.1016672
https://doi.org/10.1186/s12879-017-2198-y
https://doi.org/10.1016/j.vaccine.2013.01.042
https://doi.org/10.1016/j.vaccine.2013.01.042
https://doi.org/10.1016/j.vaccine.2019.03.043
https://doi.org/10.1016/j.vaccine.2019.03.043
https://doi.org/10.1080/21645515.2019.1627818
https://doi.org/10.11150/kansenshogakuzasshi.92.103
https://doi.org/10.1093/gerona/gly150
https://doi.org/10.1080/21645515.2020.1741312

	Abstract
	Introduction
	Methods
	Study design and participants
	Assessment of vaccine efficacy (VE)
	Assessment of reactogenicity and safety
	Statistical analysis

	Results
	Study population results
	VE against HZ
	VE against complication PHN
	Reactogenicity
	Safety

	Discussion
	Conclusion
	Acknowledgments
	Authors’ contributions
	Disclosure of potential conflicts of interest
	Funding
	ORCID
	References

