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IMPORTANCE Herpes zoster, a frequent complication following autologous hematopoietic stem
cell transplantation (HSCT), is associated with significant morbidity. A nonlive adjuvanted
recombinant zoster vaccine has been developed to prevent posttransplantation zoster.

OBJECTIVE To assess the efficacy and adverse event profile of the recombinant zoster
vaccine in immunocompromised autologous HSCT recipients.

DESIGN, SETTING, AND PARTICIPANTS Phase 3, randomized, observer-blinded study
conducted in 167 centers in 28 countries between July 13, 2012, and February 1, 2017, among
1846 patients aged 18 years or older who had undergone recent autologous HSCT.

INTERVENTIONS Participants were randomized to receive 2 doses of either recombinant zoster
vaccine (n = 922) or placebo (n = 924) administered into the deltoid muscle; the first dose was
given 50 to 70 days after transplantation and the second dose 1 to 2 months thereafter.

MAIN OUTCOMES AND MEASURES The primary end point was occurrence of confirmed herpes
zoster cases.

RESULTS Among 1846 autologous HSCT recipients (mean age, 55 years; 688 [37%] women)
who received 1 vaccine or placebo dose, 1735 (94%) received a second dose and 1366 (74%)
completed the study. During the 21-month median follow-up, at least 1 herpes zoster episode
was confirmed in 49 vaccine and 135 placebo recipients (incidence, 30 and 94 per 1000
person-years, respectively), an incidence rate ratio (IRR) of 0.32 (95% CI, 0.22-0.44;
P < .001), equivalent to 68.2% vaccine efficacy. Of 8 secondary end points, 3 showed
significant reductions in incidence of postherpetic neuralgia (vaccine, n=1; placebo, n=9;
IRR, 0.1; 95% CI, 0.00-0.78; P = .02) and of other prespecified herpes zoster–related
complications (vaccine, n=3; placebo, n=13; IRR, 0.22; 95% CI, 0.04-0.81; P = .02) and in
duration of severe worst herpes zoster–associated pain (vaccine, 892.0 days; placebo, 6275.0
days; hazard ratio, 0.62; 95% CI, 0.42-0.89; P = .01). Five secondary objectives were
descriptive. Injection site reactions were recorded in 86% of vaccine and 10% of placebo
recipients, of which pain was the most common, occurring in 84% of vaccine recipients
(grade 3: 11%). Unsolicited and serious adverse events, potentially immune-mediated
diseases, and underlying disease relapses were similar between groups at all time points.

CONCLUSIONS AND RELEVANCE Among adults who had undergone autologous HSCT, a 2-dose
course of recombinant zoster vaccine compared with placebo significantly reduced the
incidence of herpes zoster over a median follow-up of 21 months.
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H erpes zoster risk increases following autologous he-
matopoietic stem cell transplantation (HSCT) be-
cause of diminished T-cell immunity but declines af-

ter 2 to 3 years as immune function improves.1-4 Antiviral
prophylaxis is commonly administered to patients after HSCT
to prevent such complications,5 but the efficacy depends on
adherence to treatment.5-7 Furthermore, the duration of pro-
phylaxis is not standardized,5 and there is a high risk of her-
pes zoster occurring once prophylaxis has stopped.6,7 Vacci-
nation has the potential to provide long-term protection against
herpes zoster, but live attenuated vaccines are contraindi-
cated in immunocompromised individuals because of the risk
of varicella resulting from spread of the vaccine strain.8,9

An adjuvanted recombinant zoster vaccine, consisting of
the varicella-zoster virus glycoprotein E antigen and the AS01B

adjuvant system, is nonlive and has no associated risk of trig-
gering the infection in healthy adults.10 This vaccine signifi-
cantly reduced herpes zoster risk in adults aged at least 50 and
at least 70 years (vaccine efficacy, 91%) and has been licensed
in several countries.11,12

Because the immune system is immature after stem cell in-
fusion and intensive conditioning regimens given before HSCT,
patients cannot mount an adequate protective immune re-
sponse to vaccines given shortly after transplantation.13 Re-
cently, a heat-inactivated varicella-zoster virus vaccine given
in 4 doses (1 before and 3 after transplantation) was shown to
have an efficacy of 64% in preventing herpes zoster in patients
undergoing autologous HSCT.14

In a phase 1/2a study, the recombinant zoster vaccine in-
duced strong glycoprotein E–specific humoral and cell-
mediated immunity responses in patients undergoing HSCT,15

providing a rationale to explore the efficacy of this vaccine in
a randomized trial. The Zoster Efficacy Study in Patients Un-
dergoing HSCT (ZOE-HSCT) was undertaken to assess vac-
cine efficacy, adverse events, and immune responses follow-
ing administration of 2 doses of recombinant zoster vaccine
shortly after autologous HSCT.

Methods
The study was approved by site institutional review boards and
conducted in accordance with the Declaration of Helsinki and
Good Clinical Practice guidelines. Written informed consent
was obtained from all participants. An independent data moni-
toring committee regularly reviewed all adverse event data.

Study Design and Oversight
This randomized, observer-blinded, placebo-controlled, phase
3 study was conducted in 167 centers in 28 countries between
July 13, 2012, and February 1, 2017. The protocol is available
in Supplement 1 and the statistical analysis plan in Supple-
ment 2. The study design, timelines, and interventions are pre-
sented in eFigure 1 in Supplement 3.

Study Participants
Individuals aged at least 18 years who had undergone autolo-
gous HSCT in the previous 50 to 70 days were eligible. Indi-

viduals undergoing tandem autologous HSCT could partici-
pate following their second transplantation. Exclusion criteria
included anticipated anti–varicella-zoster virus prophylaxis for
more than 6 months, history of or vaccination against vari-
cella or herpes zoster during the previous year, and HIV infec-
tion. Incidence data for participants experiencing a relapse of
their underlying disease during the study were censored from
the start of the antineoplastic treatment given for relapse. The
eAppendix in Supplement 3 contains a complete list of inclu-
sion and exclusion criteria.

Randomization and Blinding
Participants were randomized in a 1:1 ratio to receive either re-
combinant zoster vaccine or placebo using a centralized ran-
domization system. A minimization procedure was applied to
achieve a balanced representation of study groups across 6 dif-
ferent factors: age, underlying diagnosis, posttransplantation
antineoplastic maintenance therapy, anticipated duration of
posttransplantation antiviral prophylaxis, center, and sex (eAp-
pendix in Supplement 3).16,17 To maintain blinding in both study
participants and investigators, reconstituted recombinant zos-
ter vaccine, which differed slightly in appearance from pla-
cebo, was prepared and administered by study staff who did not
participate in any study end-point assessments.

Vaccination
Two 0.5-mL doses of either recombinant zoster vaccine or pla-
cebo were administered into the deltoid muscle; the first dose
50 to 70 days after the date of autologous HSCT and the second
dose 1 to 2 months thereafter. The dosing schedule was chosen
based on the results from the phase 1/2a study.15 Each recombi-
nant zoster vaccine dose contained 50 μg of recombinant
varicella-zoster virus glycoprotein E antigen and the liposome-
based AS01B adjuvant system (containing 50 μg of 3-O-desacyl-
4′-monophosphoryl lipid A, 50 μg of Quillaja saponaria Molina,
fraction 21, and liposome). Each 0.5-mL dose of placebo con-
tained lyophilized sucrose reconstituted in 0.9% saline solution.

End Points
The trial protocol lists 20 study end points (1 primary, 8 sec-
ondary, and 11 tertiary) (Supplement 1). The results of the pri-
mary, all 8 secondary, and 2 of the tertiary end points are

Key Points
Question What is the efficacy of 2 doses of the adjuvanted
recombinant zoster vaccine in preventing herpes zoster in
immunocompromised patients after autologous hematopoietic
stem cell transplantation?

Findings In this randomized clinical trial of 1846 patients who had
undergone autologous hematopoietic stem cell transplantation,
the incidence of herpes zoster over a median follow-up of 21
months was 30 per 1000 person-years after 2 recombinant zoster
vaccine doses vs 94 per 1000 person-years after placebo.
This difference was statistically significant.

Meaning A 2-dose course of recombinant zoster vaccine
reduced the incidence of herpes zoster in autologous stem cell
transplant recipients.
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presented in this article. The primary end point was occurrence
of confirmed herpes zoster cases between first dose and study
end. The secondary and tertiary end points (descriptive and ex-
ploratory) are described in the eAppendix in Supplement 3.

Incidence Rate Assessments
The incidence rate ratio (IRR) for development of herpes zos-
ter or herpes zoster–related complications (postherpetic neu-
ralgia, other herpes zoster–related complications, and herpes
zoster–related hospitalizations) between participants who re-
ceived recombinant zoster vaccine or placebo was analyzed in
the modified total vaccinated cohort, which included all par-
ticipants who received 2 doses of the same investigational prod-
uct. Participants who developed an episode of herpes zoster
less than 1 month after receiving the second study dose were
excluded from the modified total vaccinated cohort because
the elapsed time since completing vaccination was consid-
ered insufficient to achieve full protection.

Immunogenicity Assessments
Blood samples were collected from all participants before dose
1(50-70daysaftertransplantation)and1monthafterdose2,with
additional blood samples (1 month after dose 1 and 12 and 24
months after dose 2) collected from participants at predefined
centerswhocomprisedthehumoral immunityandcell-mediated
immunity subcohorts. Humoral and cell-mediated immune re-
sponses were assessed in the per-protocol immunogenicity co-
horts, which included all eligible participants from the humoral
immunogenicity and cell-mediated immunity subcohorts, re-
spectively, who received both doses, adhered to the protocol, and
had available immunogenicity end-point measurements. Serum
anti–glycoprotein E antibody concentrations were measured
using an in-house enzyme-linked immunosorbent assay (cutoff,
97 mIU/mL). The humoral immunity vaccine response rate was
defined as the percentage of participants with a postvaccination
anti–glycoprotein E antibody concentration of at least 4-fold the
cutoff (for participants with concentrations initially below the
cutoff)oratleast4-foldtheprevaccinationconcentration(forpar-
ticipants with concentrations initially above the cutoff). Glyco-
protein E–specific cell-mediated immunity responses, measured
by intracellular cytokine staining, were expressed as the fre-
quency of CD4 T cells expressing at least 2 of the following ac-
tivation markers per 106 total CD4 T cells (CD42+ T cells): inter-
feron γ, interleukin 2, tumor necrosis factor α, and CD40 ligand.
The cell-mediated immunity vaccine response rate was defined
as the percentage of participants with postvaccination CD42+

T-cell frequencies of at least 2-fold the threshold of 320 CD42+

T cells per 106 total CD4 T cells (for participants with concentra-
tions initially below this threshold) or at least 2-fold the prevac-
cination CD42+ T-cell frequencies (for participants with concen-
trations initially above this threshold).

Adverse Events
Adverse events were analyzed in the total vaccinated cohort,
which included all participants who received at least 1 dose of
study vaccine or placebo. Solicited injection site reactions (pain,
redness, and swelling) and general symptoms (fatigue, fever,
gastrointestinal symptoms, headache, myalgia, and shiver-

ing) were recorded on diary cards for 7 days after each dose.
Unsolicited adverse events were recorded for 30 days after each
dose, and serious adverse events and potentially immune-
mediated diseases (eAppendix and eTable 1 in Supplement 3)
were recorded for up to 12 months after dose 2. Serious ad-
verse events considered in an investigator’s clinical opinion to
be related to the study vaccine, deaths, and relapses of under-
lying disease were recorded for the entire study period.

Herpes Zoster Case Definition
A suspected case of herpes zoster was defined as (1) a new rash
characteristic of herpes zoster (eg, unilateral, dermatomal, and
accompanied by pain broadly defined to include allodynia, pru-
ritus, or other sensations) or a vesicular rash suggestive of vari-
cella-zoster virus infection regardless of distribution, with no
alternative diagnosis or (2) clinical symptoms and/or signs sug-
gestive of varicella-zoster virus infection and specific labora-
tory findings, such as varicella-zoster virus–positive culture or
immunohistological staining or real-time polymerase chain re-
action assay in the absence of characteristic herpes zoster or
varicella-zoster virus rash. Participants with any suspicion of
herpes zoster were to be examined by investigators within 96
hours. Participants were followed up for at least 90 days after
the onset of the rash or until the rash resolved and the partici-
pant had been pain free for 4 weeks.

Herpes zoster episodes were confirmed (positive or nega-
tive) using real-time polymerase chain reaction assay or, if not
possible, by a blinded ascertainment committee (eAppendix
and eFigures 2 and 3 in Supplement 3).11,12

Herpes Zoster–Related Pain Assessment
Participants were requested to complete the Zoster Brief Pain
Inventory questionnaire to rate herpes zoster–associated pain
as soon as the first signs suggestive of herpes zoster were noted
and to continue daily questionnaire completion thereafter. Pain
(least, worst, and average over the previous 24 hours) was rated
on a 11-point Likert-type scale (range, 0-10, with 10 signifying
the worst imaginable pain).

Statistical Analysis
The sample size was determined based on the confirmation
of 125 herpes zoster cases, which provided 97% power to dem-
onstrate an overall herpes zoster IRR significantly below 1 (ie,
an upper limit of the 95% CI <1), assuming a true IRR of 0.5.
This assumption was based on efficacy of the live attenuated
zoster vaccine in older adults.18 Recruitment was stopped once
it was anticipated that the number of enrolled participants
would accrue the required number of herpes zoster cases.

Missing or nonevaluable measurements were not re-
placed. The efficacy analysis included data collected from par-
ticipants throughout the at-risk follow-up period. The at-risk
period ceased once the data required for the analysis had been
collected. Participants without an efficacy event who were lost
to follow-up were censored at the time they left the study. The
analysis of solicited adverse events included participants who
had completed a symptom sheet. Participants who did not re-
port any unsolicited adverse events were considered to have
not had an event.
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All analyses of herpes zoster and related complications
used exact inference on the IRR conditional to the total num-
ber of cases and the time at risk. A sensitivity analysis was also
performed on the total vaccinated cohort using a log-rank test.

The proportional hazards assumption was not met for re-
duction of herpes zoster incidence rate during the entire study
period. Because the study was designed for a 2-year fol-
low-up period, a post hoc analysis was performed using a piece-
wise Cox model considering 2 time frames (ie, within 2 years
after the first month after dose 2 and after these 2 years).

A Cox proportional hazards model was used to assess the
hazard rate reduction in herpes zoster–related hospitaliza-
tion. The proportional hazards assumption was met using the
test for nonzero slope of scaled Schoenfeld residuals. The same
method was used to evaluate the reduction in duration of se-
vere worst pain (pain scores ≥3) with the vaccine in partici-
pants who developed herpes zoster.

Anti–glycoprotein E antibody geometric mean concentra-
tions were determined. The frequency of glycoprotein E–spe-
cific CD42+ T cells was calculated as the difference between the
frequency of CD42+ T cells stimulated in vitro with glycopro-
tein E peptides and those stimulated with culture medium alone.

Because the inflation of the overall type I error was not con-
trolled for the evaluated secondary and tertiary end points,
findings for all analyses of secondary and tertiary end points
were interpreted as exploratory. The effects of age (<50 vs ≥50
years), underlying diagnosis (multiple myeloma vs all other di-
agnoses), sex, or actual duration of antiviral prophylaxis
therapy in the period starting 1 month after dose 2 on the vac-
cine effect were evaluated as post hoc analyses using the same
methods as for evaluation of the primary end point. A post hoc
Poisson regression model was fitted to evaluate the interac-
tion of sex, underlying diagnosis, and age with treatment group.

All statistical tests were 2-tailed; P<.05 was considered sta-
tisticallysignificant.Thestatisticalanalyseswereperformedusing
SAS version 9.3 on SDD version 4.3.4 software (SAS Institute Inc).

Results
Study Population
The total vaccinated cohort included 1846 participants who re-
ceived at least the first study dose (Figure 1). Among the 1-dose
recipients, 873 (94.7%) in the vaccine group and 862 (93.3%)
in the placebo group received the second dose. Solicited ad-
verse event data from diary cards were available for 901 vac-
cine recipients (98%). Injection site and general solicited ad-
verse event data were available for 892 (97%) and 894 (97%)
placebo recipients, respectively. The modified total vacci-
nated cohort included 1721 participants (870/922 [94%] in the
vaccine group and 851/924 [92%] in the placebo group), ex-
cluding 111 participants who did not receive the second dose,
2 participants who received the incorrect product, and 12 par-
ticipants who developed a herpes zoster episode within 1
month after dose 2. A total of 694 vaccine recipients (75%) and
672 placebo recipients (73%) from the total vaccinated co-
hort completed the study.

The study groups had similar baseline demographic char-
acteristics (Table 1). Participants were predominantly male
(63%) and aged at least 50 years (75%). Multiple myeloma was
the most common underlying diagnosis (53%); similar per-
centages of participants in both groups received bortezomib
after transplantation (eTable 2 in Supplement 3). In the modi-
fied total vaccinated cohort, 353 participants (20.0%) had an
actual duration of antiviral prophylaxis of more than 60 days.

Primary End Point
Over a median at-risk follow-up of 21 months starting 1 month
after dose 2, 184 confirmed herpes zoster cases occurred in the
modified total vaccinated cohort (49 vaccine recipients and 135
placebo recipients) (Table 2 and Figure 2). The overall inci-
dences of herpes zoster were 30 and 94 per 1000 person-
years in the vaccine and placebo groups, respectively, and the
IRR of first herpes zoster episode was 0.32 (95% CI, 0.22-
0.44; P < .001). At the end of follow-up, the overall cumula-
tive incidence of herpes zoster was significantly lower in the
vaccine group (10%) than in the placebo group (20%; log-
rank P < .001) (Figure 2).

In the total vaccinated cohort (sensitivity analysis), the me-
dian at-risk follow-up period for occurrence of herpes zoster

Figure 1. Participant Flow in the Zoster Efficacy Study in Patients
Undergoing Hematopoietic Stem Cell Transplantation

1868 Participants enrolleda

3 Not randomized (excluded for
unmet eligibility criteria at
first visit)

1865 Randomized

932 Randomized to receive
recombinant zoster vaccine
922 Received dose 1 of

recombinant zoster vaccine
as randomized

10 Did not receive dose 1 (did
not meet eligibility criteria)

933 Randomized to receive placebo
924 Received dose 1 of placebo

as randomized
9 Did not receive dose 1 (did

not meet eligibility criteria)

870 Included in primary analysis
(modified total vaccinated cohort)

3 Excluded

922 Included in sensitivity analysis
(total vaccinated cohort)

10 Excluded (did not receive dose 1)

2 Herpes zoster diagnoses
<30 d after dose 2

1 Received incorrect product
at dose 2

851 Included in primary analysis
(modified total vaccinated cohort)

11 Excluded

924 Included in sensitivity analysis
(total vaccinated cohort)

9 Excluded (did not receive dose 1)

10 Herpes zoster diagnoses
<30 d after dose 2

1 Received incorrect product
at dose 2

873 Received dose 2

8 Suspected herpes zoster
7 Nonserious adverse events

1 Protocol violation
1 Screening failure

6 Serious adverse events
or potentially immune-
mediated disease

49 Did not receive dose 2
26 Did not attend second visit

862 Received dose 2

10 Suspected herpes zoster

5 Nonserious adverse events
1 Protocol violation
1 Participation in a

conditioning study

6 Serious adverse events
or potentially immune-
mediated disease

62 Did not receive dose 2
39 Did not attend second visit

a The total number of persons screened for eligibility was not recorded.
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cases was 25 months, during which 242 confirmed cases were
reported (eFigure 3 in Supplement 3), resulting in an IRR of 0.36
(95% CI, 0.27-0.48; P < .001) (Table 2).

Secondary and Tertiary End Points
Herpes Zoster and Herpes Zoster–Related Complications
The number of participants with herpes zoster–related com-
plications was low. In the modified total vaccinated cohort,
IRRs for the vaccine group vs the placebo group, respectively,
were 0.22 (95% CI, 0.04-0.81; P = .02; 1.6 vs 7.1 cases per 1000
person-years) for herpes zoster–related complications exclud-
ing postherpetic neuralgia and 0.11 (95% CI, 0.00-0.78; P = .02;
0.5 vs 4.9 cases per 1000 person-years) for postherpetic neu-
ralgia, and the hazard ratio of hospitalizations was 0.15 (95%
CI, 0.03-0.68; P = .01; 1.1 vs 7.1 cases per 1000 person-years).
The hazard ratio for reduction of duration of worst herpes zos-
ter–associated pain during disease episodes was 0.62 (95% CI,
0.42-0.89; P = .01; 892.0 days with vaccine vs 6275.0 days with
placebo) (eTable 3 in Supplement 3).

Humoral Immunogenicity
In the vaccine group, humoral vaccine response rate was 67%
1 month after dose 2 and 45% 24 months after dose 2
(Figure 3A). The highest anti–glycoprotein E geometric mean
concentrations were recorded 1 month after dose 2 and, de-
spite a substantial decline, they remained above baseline 24
months after dose 2 (Figure 3B). In the placebo group, the hu-
moral response was highest 24 months after dose 2 with no
increase observed for anti–glycoprotein E antibody concen-
trations at any postvaccination time point compared with be-
fore vaccination (Figure 3).

Cell-Mediated Immunity
In the vaccine group, the vaccine cell-mediated immunity re-
sponses were 93% 1 month after dose 2 and 71% 24 months af-
ter dose 2; the frequency of glycoprotein E–specific CD42+ T cells
was highest 1 month after dose 2 (median, 6644.9 [range, 1.0-
73143.3] per 106 total CD42+ T cells) and subsequently declined
but remained higher than before vaccination 24 months after
dose 2. In the placebo group, the cell-mediated immunity re-
sponse was highest 24 months after dose 2, with no increase
observed for CD42+ T-cell frequencies at any postvaccination
time point compared with before vaccination (Figure 4).

Adverse Events
Solicited injection site reactions and general symptoms occur-
ring within 7 days of vaccination were more frequent in vaccine
recipients (90%) than in placebo recipients (53%), mainly due
to injection site reactions, which occurred in 86% of vaccine re-
cipients and 10% of placebo recipients (Table 3). The incidences
of grade 3 injection site reactions were 14% and 0%, respectively.
Pain was the most common injection site symptom, occurring
in 84% of vaccine recipients (grade 3, 11%) and 9% of placebo
recipients (grade 3, 0%). The overall frequency of solicited gen-
eral symptoms within 7 days after vaccination was 75% after vac-
cine and 51% after placebo (grade 3, 13% and 6%, respectively).
Overall, the incidence of solicited symptoms was similar after
both vaccine doses (injection site reactions after dose 1, 79%,

Table 1. Participant Characteristics

Characteristics
Recombinant
Zoster Vaccine Placebo

Total Vaccinated Cohort (Vaccine: n=922; Placebo: n=924)

Age, mean (SD) [range], y 54.8 (11.7) [18-78] 55.1 (11.4) [18-75]

Age group, y, No. (%)

18-49 230 (24.9) 229 (24.8)

≥50 692 (75.1) 695 (75.2)

Sex, No. (%)

Male 580 (62.9) 578 (62.6)

Female 342 (37.1) 346 (37.4)

Region, No. (%)

Asia/Australia 187 (20.3) 193 (20.9)

Europe and South Africa 581 (63.0) 572 (61.9)

North America 149 (16.2) 153 (16.6)

South America 5 (0.5) 6 (0.6)

Underlying diagnosis, No. (%)

Multiple myeloma 490 (53.1) 493 (53.4)

Non-Hodgkin B-cell lymphoma 257 (27.9) 273 (29.5)

Hodgkin lymphoma 82 (8.9) 66 (7.1)

Non-Hodgkin T-cell lymphoma 48 (5.2) 45 (4.9)

Acute myeloid leukemia 21 (2.3) 20 (2.2)

Othera 24 (2.6) 27 (2.9)

Time from transplantation
to first dose, d

Mean (SD) 60.7 (6.2) 60.8 (6.3)

Median (IQR) 61.0 (56.0-66.0) 61.0 (56.0-66.0)

Time between doses, d

Mean (SD) 41.0 (8.9) 40.6 (8.8)

Median (IQR) 38.0 (35.0-48.0) 37.0 (34.0-47.0)

Time between transplantation
and herpes zoster episode, mo

Mean (SD) 13.3 (10.3) 11.0 (7.9)

Median (IQR) 11.0 (5.0-18.0) 8.0 (5.0-15.5)

Time between transplantation and
postherpetic neuralgia case, mo

Mean (SD) 15.3 (11.9) 15.5 (8.1)

Median (IQR) 14.5 (5.0-25.5) 13.0 (9.5-23.5)

Follow-up at-risk period, mo

Mean (SD) 26.3 (12.3) 23.4 (13.1)

Median (IQR) 27.3 (17.7-35.7) 23.7 (13.7-33.4)

Modified Total Vaccinated Cohort (Vaccine: n=870; Placebo: n=851)

Follow-up at-risk period, mo

Mean (SD) 22.5 (12.2) 20.2 (12.6)

Median (IQR) 22.0 (13.4-32.4) 19.9 (10.0-29.9)

Actual duration of
antiviral prophylaxis, db

No. (%)

0 454 (52.2) 426 (50.1)

1-60 226 (26.0) 262 (30.8)

>60 190 (21.8) 163 (19.2)

Mean (SD)c 115.1 (160.7) 100.4 (168.3)

Median (IQR)c 57.0 (34.5-104.5) 53.0 (31.0-84.0)

Abbreviation: IQR, interquartile range.
a Underlying diagnosis of any other diseases including solid malignancies and

autoimmune diseases.
b Per inclusion and exclusion criteria, any antiviral treatment with activity against

varicella-zoster virus either as prophylaxis against herpes zoster or prophylaxis
against any other infection, such as cytomegalovirus or herpes simplex virus, was
considered antiviral prophylactic therapy (no specific doses were applied).

c Calculated among participants who received antiviral prophylaxis.
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and after dose 2, 78%; general symptoms after dose 1, 59%, and
after dose 2, 66%). However, some of the local and general so-
licited symptoms, including injection site redness and swelling,
as well as headache, shivering, and fever, were higher after the
second dose. Solicited injection site reactions and general symp-
toms were transient in nature, having a median duration of up
to 3 days (grade 3, up to 2 days).

Within 30 days of vaccination, the incidence of unsolic-
ited adverse events was similar in the vaccine and placebo
groups; the most frequent unsolicited events were infections
(eTables 5 and 6 in Supplement 3). Serious adverse events
within 30 days after last vaccination occurred in 7% of both

vaccine and placebo recipients and in 28% and 26%, respec-
tively, during the 1-year follow-up after last vaccination; the
most frequent serious adverse events were neoplasms (eTable 7
in Supplement 3). Three participants in the vaccine group re-
ported 5 serious adverse events (neutropenia, immune throm-
bocytopenic purpura, cutaneous vasculitis, arthralgia, and
atrial fibrillation) that were considered to be related to vacci-
nation; 4 participants in the placebo group reported 4 such
events (constipation, herpes zoster, disseminated cutaneous
herpes zoster, and skin eruption) (Table 3). Fatal serious ad-
verse events occurred in 242 participants (vaccine group, n=118;
placebo group, n=124) during the entire study and were mainly
due to recurring malignancy and non–herpes zoster–related in-
fections (eFigure 4 in Supplement 3).

In the year following last vaccination, 13 vaccine recipi-
ents and 8 placebo recipients reported at least 1 event of po-
tentially immune-mediated disease (eTable 8 in Supple-
ment 3); the most frequently reported events were psoriasis
(2 events in vaccine recipients) and interstitial lung disease
(2 events in placebo recipients). During the entire study, 26%
of vaccine recipients and 27% of placebo recipients had a ma-
lignancy relapse (eFigure 5 in Supplement 3).

Exploratory and Post Hoc End Points
A post hoc analysis using a piecewise Cox model resulted in
hazard ratios for first herpes zoster episode of 0.31 (95% CI,
0.22-0.43; P < .001) within 2 years after the first month after
dose 2 and 0.79 (95% CI, 0.23-2.72; P < .71) after these 2 years.

Incidence rate ratios for first herpes zoster episode were
no more than 0.40 (P < .001) irrespective of age (<50 vs ≥50
years), underlying diagnosis (multiple myeloma vs all other
diagnoses), or sex (eTable 4 and eFigure 6 in Supplement 3).
The post hoc Poisson regression analysis did not show any
significant interaction of these effects (P = .58, P = .37, and
P = .08, respectively) with the study treatment. A post hoc
IRR analysis taking into account the actual duration of antivi-
ral prophylaxis therapy received in the period between 1
month after dose 2 and study end resulted in IRRs for first
herpes zoster episode of 0.27 (95% CI, 0.17-0.43; P < .001) in
participants who received no antiviral prophylaxis and 0.28

Table 2. Incidence Rates and Incidence Rate Ratios for First or Only Herpes Zoster Episode During the Study

Recipients,
No.

Confirmed
Cases, No.

Cumulative
Follow-up
Period, ya

Herpes Zoster
Incidence Rate
Per 1000 Person-Years

Incidence Rate Ratio
(95% CI)b

Modified Total Vaccinated Cohort (Primary End Point)c

Recombinant
zoster vaccine

870 49 1633.1 30.0
0.32 (0.22-0.44)

Placebo 851 135 1431.9 94.3

Total Vaccinated Cohort (Sensitivity Analysis for Primary End Point)c

Recombinant zoster vaccine 922 70 2017.5 34.7
0.36 (0.27-0.48)

Placebo 924 172 1798.8 95.6
a Cumulative follow-up period is the sum of follow-up periods (censored at the first

occurrence of a confirmed herpes zoster episode and at the occurrence of
treatment for relapse [modified total vaccinated cohort only]). For any
participant who developed herpes zoster, subsequent follow-up data were
excluded from analysis. Participants were followed up for herpes zoster episodes
from the first vaccine dose to a minimum of 13 months after the second dose.

b P < .001 (2-sided; conditional to the number of cases); no adjustments were made.

c The total vaccinated cohort included all participants who received at least the
first study dose. The modified total vaccinated cohort included all participants
who received 2 doses of the same study vaccine; participants developing a
herpes zoster episode sooner than 1 month after receiving the second vaccine
dose were excluded from the analysis.

Figure 2. Cumulative Incidence of Herpes Zoster Overall
(Modified Total Vaccinated Cohort)
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(95% CI, 0.12-0.56; P < .001) in those taking antiviral prophy-
laxis for up to 60 days. Among participants who received
more than 60 days of antiviral prophylaxis, the incidence
rate was not statistically different between the 2 groups
(eTable 4 in Supplement 3).

Discussion
Two doses of recombinant zoster vaccine administered to
adults who had recently undergone autologous HSCT signifi-
cantly reduced the incidence of herpes zoster.

The observed herpes zoster IRR of 0.32 (95% CI, 0.22-
0.44) in study participants who completed the 2-dose course
would be equivalent to a vaccine efficacy in preventing herpes
zoster (estimated as 1 minus the IRR for herpes zoster multi-
plied by 100) of 68.2% (95% CI, 55.6-77.5). The IRR of 0.36 (95%
CI, 0.27-0.48) in participants who received at least 1 dose would
be equivalent to a 63.7% (95% CI, 51.8-72.9) vaccine efficacy.

The efficacy in this transplant population was lower than
in nontransplant populations aged 50 years or older (91%),11,12

which may reflect a weaker immune response due to under-
lying hematologic disease15 and the high-dose preparative regi-
mens given prior to autologous HSCT. Nevertheless, the overall

Figure 3. Humoral Immunogenicity Results (Per-Protocol Cohort for Humoral Immunogenicity/Persistence)
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Figure 4. Cell-Mediated Immunogenicity Results (Per-Protocol Cohort for Cell-Mediated Immunity/Persistence)
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efficacy in participants who received at least 1 dose appeared
very similar to that of a heat-inactivated varicella-zoster vi-
rus vaccine administered to a similar population.14 However,
this level of protection was achieved by a 4-dose schedule of
the heat-inactivated vaccine compared with a 2-dose sched-
ule of the recombinant zoster vaccine. Moreover, the first dose
of the 4-dose regimen was administered 1 month before au-
tologous HSCT, which can be logistically challenging.19 A pre-
transplantation vaccine dose may generate immune memory,
resulting in earlier peak immune responses, as described pre-
viously for pneumococcal vaccination.20 Cell-mediated im-
munity responses in the current study were comparable with
those in immunocompetent adults aged 50 years or older, while
humoral immune responses were lower.21 Vaccination before
transplantation might be considered to improve such hu-
moral immune responses. However, the clinical significance

Table 3. Adverse Events (Total Vaccinated Cohort)a

Adverse Events

No. (%) [95% CI]
Recombinant
Zoster Vaccine Placebo

Solicited adverse events
within 7 d of vaccination

Injection site adverse events n=901 n=892

All types

Any 773 (85.8)
[83.3-88.0]

93 (10.4)
[8.5-12.6]

Grade 3 128 (14.2)
[12.0-16.7]

3 (0.3)
[0.1-1.0]

Pain

Any 756 (83.9)
[81.3-86.2]

83 (9.3)
[7.5-11.4]

Grade 3 99 (11.0)
[9.0-13.2]

3 (0.3)
[0.1-1.0]

Redness

Any 301 (33.4)
[30.3-36.6]

9 (1.0)
[0.5-1.9]

>100 mm 28 (3.1)
[2.1-4.5]

0 (0.0)
[0.0-0.4]

Swelling

Any 168 (18.6)
[16.2-21.3]

9 (1.0)
[0.5-1.9]

>100 mm 13 (1.4)
[0.8-2.5]

0 (0.0)
[0.0-0.4]

General adverse events n=901 n=892

All types

Any 678 (75.2)
[72.3-78.0]

455 (50.9)
[47.6-54.2]

Grade 3 119 (13.2)
[11.1-15.6]

54 (6.0)
[4.6-7.8]

Fatigue

Any 508 (56.4)
[53.1-59.6]

340 (38.0)
[34.8-41.3]

Grade 3 66 (7.3)
[5.7-9.2]

31 (3.5)
[2.4-4.9]

Gastrointestinalb

Any 238 (26.4)
[23.6-29.4]

183 (20.5)
[17.9-23.3]

Grade 3 18 (2.0)
[1.2-3.1]

17 (1.9)
[1.1-3.0]

Headache

Any 302 (33.5)
[30.4-36.7]

166 (18.6)
[16.1-21.3]

Grade 3 26 (2.9)
[1.9-4.2]

10 (1.1)
[0.5-2.0]

Myalgia

Any 484 (53.7)
[50.4-57.0]

234 (26.2)
[23.3-29.2]

Grade 3 56 (6.2)
[4.7-8.0]

19 (2.1)
[1.3-3.3]

Shivering

Any 237 (26.3)
[23.5-29.3]

115(12.9)
[10.7-15.2]

Grade 3 35 (3.9)
[2.7-5.4]

7 (0.8)
[0.3-1.6]

Fever

Any 183 (20.3)
[17.7-23.1]

50 (5.6)
[4.2-7.3]

>39.5°C 3 (0.3)
[0.1-1.0]

1 (0.1)
[0.0-0.6]

Unsolicited adverse events
within 30 d after vaccination

n=922 n=924

Any grade 360 (39.0)
[35.9-42.3]

353 (38.2)
[35.1-41.4]

Grade 3 60 (6.5)
[5.0-8.3]

47 (5.1)
[3.8-6.7]

(continued)

Table 3. Adverse Events (Total Vaccinated Cohort)a (continued)

Adverse Events

No. (%) [95% CI]
Recombinant
Zoster Vaccine Placebo

Serious adverse events and deaths
within 30 d of last vaccination

n=922 n=924

Serious adverse eventsc 68 (7.4)
[5.8-9.3]

66 (7.1)
[5.6-9.0]

Serious adverse events
related to vaccinationd

1 (0.1)
[0.0-0.6]

3 (0.3)
[0.1-0.9]

Deaths 20 (2.2)
[1.3-3.3]

19 (2.1)
[1.2-3.2]

Serious adverse events, deaths, and events
of interest within 365 d of last vaccination

n=922 n=924

Serious adverse eventsc 263 (28.5)
[25.6-31.6]

241 (26.1)
[23.3-29.0]

Serious adverse events
related to vaccinatione

3 (0.3)
[0.1-0.9]

4 (0.4)
[0.1-1.1]

Potentially immune-mediated diseases 13 (1.4)
[0.8-2.4]

8 (0.9)
[0.4-1.7]

Potentially immune-mediated diseases
related to vaccination

3 (0.3)
[0.1-0.9]

0 (0.0)
[0.0-0.4]

Relapse of malignancy 145 (15.7)
[13.4-18.2]

149 (16.1)
[13.8-18.7]

Deaths 77 (8.4)
[6.6-10.3]

79 (8.5)
[6.8-10.5]

a Additional details regarding adverse events are available in eTables 5 to 8 and
eFigure 4 in Supplement 3. The causal relationship of adverse events with
vaccination was assessed by study investigators. Grading of injection site
redness and swelling: grade 0, affected area <20 mm; grade 1, 20 to 50 mm;
grade 2, >50 to 100 mm; and grade 3, >100 mm. Grading of fever: grade 0,
temperature (preferably oral) <37.5°C; grade 1, 37.5°C to 38.0°C; grade 2,
38.1°C to 39.0°C; and grade 3, >39.0°C. Grading of all other symptoms
including pain: grade 0, absent/none; grade 1, easily tolerated; grade 2,
interferes with normal activity; grade 3, prevents normal activity.

b Gastrointestinal symptoms included nausea, vomiting, diarrhea, and
abdominal pain.

c Serious adverse events were defined as events that resulted in death, were life
threatening, required hospitalization or prolongation of existing
hospitalization, resulted in disability or incapacity, or were a congenital
anomaly/birth defect in offspring of a participant.

d The 4 serious adverse events related to vaccination were neutropenia in the
recombinant zoster vaccine group and constipation, herpes zoster, and toxic
skin eruption in the placebo group.

e The 5 serious adverse events related to vaccination that occurred between 30
and 365 days after dose 2 were immune thrombocytopenic purpura and
cutaneous vasculitis co-reported with arthralgia and atrial fibrillation in the
recombinant zoster vaccine group and herpes zoster (cutaneous
disseminated) in the placebo group.
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of this potential improvement remains unclear, as cell-
mediated immunity is believed to be the main mechanism for
protection against herpes zoster.22

An advantage of the short 2-dose posttransplantation
schedule is that more patients might complete the vaccina-
tion program. For instance, while the 4-dose schedule of the
heat-inactivated herpes zoster vaccine was completed by 453
(81.8%) of 554 vaccinated HSCT recipients in the main treat-
ment group of the study evaluating its efficacy,14 873 (94.7%)
of 922 recombinant zoster vaccine recipients completed the
2-dose vaccination schedule in this study. The recombinant
zoster vaccine also showed a reduction in the incidence of her-
pes zoster–related hospitalizations and complications, includ-
ing postherpetic neuralgia, and reduced the duration of worst
herpes zoster–associated pain during disease episodes.

Therecombinantzostervaccineinducedstronghumoraland
cellular immune responses, which were significantly higher than
in the placebo group, consistent with previous observations.15

One month after dose 2, all recombinant zoster vaccine recipi-
ents had detectable glycoprotein E–specific antibodies, and al-
though the levels subsequently decreased, as previously ob-
served in older adults,21,23 they remained higher than baseline
24 months after dose 2. Although anti–glycoprotein E antibody
concentrations and CD42+ T-cell frequencies remained close to
baseline levels, both humoral and cell-mediated immunity vac-
cine response rates increased incrementally up to 24 months af-
ter dose 2 in placebo recipients. This increase is likely due to sub-
clinical varicella-zoster virus reactivation, which is a common
event in individuals undergoing HSCT.24

In trials of immunocompetent populations, injection site
pain, fatigue, and myalgia were the most common symptoms
after recombinant zoster vaccine vaccination.11,12,23 The rela-

tively high incidence of these symptoms has been previously
linked to the addition of an adjuvant system, which enhances
the vaccine immune response and efficacy.25,26 In this study,
the vaccinations were generally well tolerated, and most symp-
toms were mild and transient and did not substantially deter
participants from receiving their second dose. There is a hy-
pothetical concern of adjuvant systems triggering exacerba-
tions or onset of immune-mediated diseases.27 This was not
observed in the current study, which is in line with previous
findings.11,12 Overall, the adverse events reported in this study
were consistent with the underlying and/or concurrent medi-
cal conditions or treatments for underlying disease, includ-
ing infections and neoplasms.

Limitations
This study has several limitations. First, the study was not pow-
ered to compare incidences of herpes zoster–related compli-
cations excluding postherpetic neuralgia, postherpetic neu-
ralgia, and hospitalizations. Second, long-term protection
beyond the second year was not assessed in this study and mer-
its further consideration. However, such a long-term study may
prove complex because of intercurrent malignancy and co-
morbidities. Third, no data on pretransplantation varicella-
zoster virus serology were collected.

Conclusions
Among adults who had undergone autologous HSCT, a 2-dose
course of recombinant zoster vaccine compared with placebo
significantly reduced the incidence of herpes zoster over a me-
dian follow-up of 21 months.

ARTICLE INFORMATION

Accepted for Publication: June 7, 2019.

Correction: This article was corrected for an error
in the Figure 4B y-axis scale on August 27, 2019.

Author Affiliations: GlaxoSmithKline, Wavre,
Belgium (Bastidas, Campora, Lopez-Fauqued);
Hospital Universitario 12 de Octubre, Madrid, Spain
(de la Serna); GlaxoSmithKline, Rixensart, Belgium
(El Idrissi); CureVac AG, Tübingen, Germany
(Oostvogels); University Hospital of Montpellier,
Montpellier, France (Quittet); Hospital Ramón y
Cajal, Madrid, Spain (López-Jiménez); Ege
University Medical School, Izmir, Turkey (Vural);
Charles University Hospital, Prague, Czech Republic
(Pohlreich); Rambam Health Care Campus, Haifa,
Israel (Zuckerman); Brigham and Women’s
Hospital/Dana-Farber Cancer Institute, Boston,
Massachusetts (Issa); Department of Translational
Medicine, University of Eastern Piedmont, Novara,
Italy (Gaidano); Chonnam National University
Hwasun Hospital, Jellanamdo, Republic of Korea
(J.-J. Lee); University of Kansas Cancer Center,
Westwood (Abhyankar); Hospital Clínico
Universitario, School of Medicine, University of
Valencia, Valencia, Spain (Solano); Centro Integral
Oncológico Clara Campal (CIOCC), Universidad CEU
San Pablo, Madrid, Spain (Perez de Oteyza); Weill
Medical College of Cornell University, New York,
New York (Satlin); Department of Hematology and
Oncology, Charité University Medical Center,

Berlin, Germany (Schwartz); Preventive Medicine
and Epidemiology Department, University Hospital
Vall d’Hebron, Barcelona, Spain (Campins);
Haematology Department, Manchester University
NHS Foundation Trust, Manchester Royal Infirmary,
Manchester, England (Rocci); Faculty of Biology,
Medicine and Health, School of Medical Science,
Division of Cancer Sciences, University of
Manchester, Manchester, England (Rocci); Hospital
de Donostia, San Sebastián, Spain (Vallejo Llamas);
Department of Internal Medicine, Seoul St Mary’s
Hospital, College of Medicine, Catholic University of
Korea, Seoul, South Korea (D.-G. Lee); Hospital
Ampang, Selangor, Malaysia (Tan); Royal Hobart
Hospital, Hobart, Australia (Johnston);
Department of Clinical Haematology, Austin Health,
Heidelberg, Australia (Grigg); Fred Hutchinson
Cancer Research Center, Seattle, Washington
(Boeckh); Halozyme Therapeutics, San Diego,
California (Heineman); University of Pennsylvania,
Philadelphia (Stadtmauer); Duke University
Medical Center, Durham, North Carolina (Sullivan).

Author Contributions: Drs Stadtmauer and
Sullivan had full access to all of the data in the study
and take responsibility for the integrity of the data
and the accuracy of the data analysis.
Concept and design: Bastidas, El Idrissi, Oostvogels,
Heineman, Sullivan.
Acquisition, analysis, or interpretation of data: All
authors.

Drafting of the manuscript: Bastidas, de la Serna,
Quittet, Schwartz, Johnston, Heineman,
Stadtmauer, Sullivan.
Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: Bastidas, de la Serna, El Idrissi,
Sullivan.
Administrative, technical, or material support:
Bastidas, López-Jiménez, Vural, Pohlreich, Gaidano,
J. Lee, Satlin, Rocci.
Supervision: Bastidas, de la Serna, Oostvogels,
Quittet, Zuckerman, Abhyankar, Solano, Perez de
Oteyza, Rocci, Johnston, Grigg, Heineman, Sullivan.

Conflict of Interest Disclosures: Dr Bastidas
reported being employed by and holding stock
options in GlaxoSmithKline (GSK). Dr El Idrissi
reported being employed by and holding stock
options in GSK. Dr Oostvogels reported being
employed by GSK during conception and/or
conduct of the study and being currently employed
by CureVac AG; being an inventor on a patent
owned by GSK relevant to recombinant zoster
vaccine; and holding stock in GSK. Dr
López-Jiménez reported receipt of grants from
Hospital Ramon y Cajal. Dr Vural reported receipt of
grants and personal fees from GSK. Dr Issa reported
receipt of grants from GSK, Merck, and Astellas and
personal fees from Akros Pharma. Dr Gaidano
reported receipt of trial patient fees from GSK and
personal fees from Abbvie, Roche, Gilead, Janssen,
and Morphosys. Dr Perez de Oteyza reported

Effect of Recombinant Zoster Vaccine on Herpes Zoster After Autologous Stem Cell Transplantation Original Investigation Research

jama.com (Reprinted) JAMA July 9, 2019 Volume 322, Number 2 131

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Hacettepe Üniversitesi User  on 04/29/2020

http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.9053


receipt of grants from GSK, Pharmacyclics,
Vivia-Biotech, Morphosys, and Helsinn; grants and
personal fees from Roche, Janssen, Takeda, and
Celgene; and personal fees from Servier and Gilead.
Dr Satlin reported receipt of grants from GSK,
Allergan, Merck, Biofire Diagnostics, and
Biomerieux and consulting fees from Achaogen and
Shionogi. Dr Schwartz reported receipt of grants
from GSK and personal fees and nonfinancial
support from Amgen, Basilea Pharmaceutica,
Gilead, Jazz Pharmaceuticals, Merck Sharp &
Dohme, and Pfizer. Dr Campins reported receipt of
grants and personal fees from GSK; participation as
an investigator in clinical trials from GSK and
Novartis; and participation in expert meetings and
symposiums organized by Pfizer, GSK,
Sanofi-Pasteur, Merck Sharp & Dohme, and
Novartis. Dr Rocci reported receipt of consultancy
fees from Takeda and Sanofi and honoraria from
Takeda, Celgene, Novartis, Amgen, and Janssen and
advisory board membership for Novartis, Amgen,
and Janssen. Dr Johnston reported receipt of
personal fees from Roche, Janssen Cilag, Celgene,
and Merck Sharp & Dohme. Dr Grigg reports
advisory board membership for Novartis, Gilead,
Roche, Merck Sharp & Dohme, Takeda, and
Bristol-Myers Squibb. Dr Boeckh reported receipt of
grants and personal fees from GSK, Merck, and
Chimerix and personal fees from Clinigen.
Dr Campora reported being an employee of GSK;
owning shares in GSK; and receipt of personal fees
from GSK. Dr Lopez-Fauqued reported being an
employee of GSK. Dr Heineman reported being an
employee of GSK during conception and/or conduct
of the study; holding stock and stock options in
GSK; being an inventor on a patent owned by GSK
relevant to recombinant zoster vaccine; being a
paid consultant for GSK. Dr Stadtmauer reported
receipt of grants from GSK. Dr Sullivan reported
receipt of grants and personal fees from GSK;
personal fees from Kiadis Pharmaceutical and
Roche Genentech; and a grant from the National
Institute of Allergy and Infectious Diseases
awarded to his university. No other disclosures
were reported.

Funding/Support: This study was sponsored and
funded by GlaxoSmithKline Biologicals SA.

Role of the Funder/Sponsor: GlaxoSmithKline
Biologicals SA was involved in the design and
conduct of the study; collection, management,
analysis, and interpretation of the data;
preparation, review, and approval of the
manuscript; and decision to submit the manuscript
for publication. GlaxoSmithKline does not veto
ongoing publications or control the decision about
what journal to submit to, with ultimate decision on
the target made by the relevant publication
steering committee and coauthors.
GlaxoSmithKline covered all costs associated with
developing and publishing this article.
GlaxoSmithKline had 2 representatives on the
publication steering committee, which consisted of
6 members in total and made publication-related
decisions through majority voting.

ZOE-HSCT Study Group Collaborators: Aránzazu
Alonso Alonso, MD (Hospital Quirón Madrid,
Madrid, Spain), Achilles Anagnostopoulos, MD
(Haematology Clinic, G. Papanikolaou General
Hospital of Thessaloniki, Thessaloniki, Greece),
Charalambos (Babis) Andreadis, MD, MSCE
(University of California Medical Center,
San Francisco), Maria Angelopoulou, MD, PhD

(Hematology Department, National and
Kapodistrian University of Athens, “Laikon” General
Hospital, Athens, Greece), Veli-Jukka Anttila, MD,
PhD (Inflammation Center, University of Helsinki
and Helsinki University Hospital, Helsinki, Finland),
Mickael Aoun, MD (Microbiologie Infectious
Diseases, Institut Jules Bordet, Bruxelles, Belgium),
Ibrahim Barista, MD (Hacettepe University Medical
Faculty, Ankara, Turkey), Leanne Berkahn, MB, ChB
(Department of Heamatology, Auckland City
Hospital, Grafton, New Zealand), Adrian J. C. Bloor,
PhD, FRCP (Haematology and Transplant Unit,
Christie NHS Foundation Trust, Manchester,
England), Raewyn Broady, MB, ChB (Vancouver
General Hospital, Vancouver, British Columbia,
Canada), Peter Brossart, MD (Universitaetsklinikum
Bonn, Bonn, Germany), Francis K. Buadi, MB, ChB
(Mayo Clinic, Rochester, Minnesota), Claude-Eric
Bulabois, MD (Service d’Hématologie, CHU de
Grenoble–Hôpital Michallon, Grenoble, France),
Guy Cantin, MD (CHU de Quebec–Hopital de
l’Enfant-Jesus, Quebec City, Quebec, Canada),
Claudia Cellini, MD (UO di Ematologia, Ospedale
Santa Maria delle Croci, Ravenna, Italy),
Pranatharthi Haran Chandrasekar, MD (Karmanos
Cancer Institute, Detroit, Michigan), Thomas
Chauncey, MD (Veterans Administration Puget
Sound Health Care System, Seattle, Washington),
Antonio Cuneo, MD (Unità Operativa di Ematologia,
Azienda Ospedale Universitaria Arcispedale S.
Anna, Venice, Italy), Sanjeet Singh Dadwal, MD (City
of Hope National Medical Center, Duarte, California)
, Michael Dickinson, MBBS(hons), DMedSci, FRACP,
FRCPA (Clinical Haematology, Peter MacCallum
Cancer Centre and Royal Melbourne Hospital, and
Sir Peter MacCallum Department of Oncology,
University of Melbourne, Melbourne, Australia),
HyeonSeok Eom, MD, PhD (National Cancer Center,
Kyunggi-do, Korea), Albert Esquirol Sanfeliu, MD
(Hospital Santa Creu i Sant Pau, Barcelona, Spain),
Christelle Ferra Coll, MD, PhD (Hospital Germans
Trias i Pujol, Barcelona, Spain), Phyllis R.
Flomenberg, MD (Kimmel Cancer Center, Thomas
Jefferson University, Philadelphia, Pennsylvania),
Ana Pilar González-Rodríguez, MD, PhD (Hospital
Central de Asturias, Oviedo, Spain), David J.
Gottlieb, MD (Department of Haematology,
Westmead Hospital, Westmead, Australia), Sigal
Grisariu, MD (Hadassah Medical Center, Jerusalem,
Israel), Andreas Guenther, MD
(Universitaetsklinikum Schleswig-Holstein, Kiel,
Germany), Jonathan Gutman, MD (University of
Colorado Cancer Center, Aurora), Uwe Hahn, MD
(Department of Haematology and Oncology, Queen
Elizabeth Hospital, Woodville, Australia), Werner J.
Heinz, MD (Universitaetsklinikum Wuerzburg,
Wuerzburg, Germany), Inmaculada Heras, MD, PhD
(Hospital General Universitario J. M. Morales
Meseguer, Murcia, Spain), Takashi Ikeda, MD, PhD
(Shizuoka Cancer Center, Shizuoka, Japan), Isidro
Jarque, MD, PhD (Hospital Universitario y
Politécnico La Fe, Valencia, Spain), Meinolf
Karthaus, MD (Staedtisches Krankenhaus
Muenchen, Muenchen, Germany), Tessa Kerre, MD,
PhD (Hematologie, UZ Gent, Gent, Belgium),
Alexander Kiani, MD (Klinikum Bayreuth, Bayreuth,
Germany), Andreas K. Klein, MD (Tufts Medical
Center, Boston, Massachusetts), Grzegorz Kofla,
MD (Charite, Berlin, Germany), Irina V. Kryuchkova,
MD, PhD (Research Institute of Clinical
Immunology, Novosibirsk, Russia), Ching-Yuan Kuo,
MD (Chang Gung Memorial Hospital–Kaoshiung,
Kaohsiung, Taiwan), John Kuruvilla, MD (Princess

Margaret Hospital, Toronto, Ontario, Canada),
Aleksey Kuvshinov (Russian Hematology and
Transfusiology Research Center, St Petersburg,
Russia), Jae-Yong Kwak, MD, PhD (Chonbuk
National University Hospital, Jeonju, South Korea),
Jae Hoon Lee, MD, PhD (Hematology, Gachon
University Gil Hospital, Incheon, South Korea),
Stéphane Lepretre, MD (Département
d’Hématologie, Centre Henri Becquerel, Rouen,
France), Albert Kwok-Wai Lie, MBBS (Division of
Hematology/Oncology and Bone Marrow
Transplantation, Department of Medicine, Queen
Mary Hospital, Hong Kong, China), Alessandro
Lucchesi, MD (Oncologia Medica, Istituto
Scientifico Romagnolo per lo Studio e la Cura dei
Tumori IRCCS, Meldola, Italy), Johan Maertens, MD,
PhD (Hematologie, UZ Leuven–Campus
Gasthuisberg, Leuven, Belgium), Erik W. A. Marijt,
MD, PhD (Leids UMC, Leiden, Netherlands),
Carmen Martínez Muñoz, MD (Hospital Clinic i
Provincial, Barcelona, Spain), Mariagrazia Michieli,
MD (UOS Dipartimento Terapia Cellulare-Chemioter
Alte Dosi, Centro di Riferimento Oncologico IRCCS,
Aviano, Italy), Samuel T. Milliken, MBBS
(Department of Haematology, St Vincent’s Hospital,
Darlinghurst, Australia), Noël Milpied, MD
(Hématologie Clinique et Thérapie Cellulaire, CHU
de Bordeaux–Hôpital du Haut Lévêque, Pessac,
France), Jorge Monserrat Coll, MD (Hospital Virgen
de la Arrixaca, Murcia, Spain), Sherif Beniameen
Mossad, MD (Department of Infectious Diseases,
Cleveland Clinic Foundation, Cleveland, Ohio), John
Murphy, MB, ChB (Monklands Hospital, Airdrie,
Scotland), María Belén Navarro Matilla, MD
(Hospital Puerta de Hierro, Madrid, Spain), Jan
Novak, MD, PhD (Oddeleni Klinicke Hematologie,
Fakultni Nemocnice Kralovske Vinohrady, Prague,
Czech Republic), Harold J. Olney, MD, CM (Centre
Hospitalier de l’Universite de Montreal, Montreal,
Quebec, Canada), Raquel Oña Navarrete, MD, PhD
(M. D. Anderson, Madrid, Spain), María Jesús
Pascual Cascón, MD (Hospital Carlos Haya, Málaga,
Spain), Andy Peniket (Oxford University Biomedical
Research Centre, Oxford, England), Ganeva Penka
(CTH Sofia, Sofia, Bulgaria), Beata
Piątkowska-Jakubas, DSc, MD (Department of
Haematology, Jagiellonian University Medical
College, Krakow, Poland), Marta Polo Zarzuela, MD
(Hospital Clínico San Carlos, Madrid, Spain), Dimas
Quiel, MD (Complejo Hospitalario Dr Arnulfo Arias
Madrid, Panama City, Panama), Scott D. Rowley,
MD, FACP (John Theuer Cancer Center, Hackensack
University Medical Center, Hackensack, New
Jersey), Waleed Sabry, MD, MSc, PhD (Saskatoon
Cancer Centre, Saskatoon, Saskatchewan, Canada),
Tommi Mikael Salmi, MD (Sisatautien Klinikka,
Hematologian Yksikko os 015, Turun Yliopistollinen
Keskussairaala, Turku, Finland), Dominik L. D.
Selleslag, MD (Hematologie, AZ Sint-Jan Brugge–
Oostende AV–Campus Sint-Jan, Brugge, Belgium),
Thomas C. Shea, MD (Division of Hematology and
Medical Oncology, University of North Carolina at
Chapel Hill), Gerda Silling, MD
(Universitaetsklinikum Muenster, Muenster,
Germany), Ulla Marjatta Sinisalo, MD, PhD
(Hematology Unit, Department of Internal
Medicine, Tampere University Hospital, Tampere,
Finland), Sang Kyun Sohn, MD, PhD (School of
Medicine, Kyungpook National University, Daegu,
South Korea), Peter Staib, MD, PhD (St Antonius
Hospital, Eschweiler, Germany), Jeff Szer, MBBS
(Haematology Department, Royal Melbourne
Hospital, Parkville, Australia), Koen Theunissen, MD

Research Original Investigation Effect of Recombinant Zoster Vaccine on Herpes Zoster After Autologous Stem Cell Transplantation

132 JAMA July 9, 2019 Volume 322, Number 2 (Reprinted) jama.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Hacettepe Üniversitesi User  on 04/29/2020

http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.9053


(Hematologie, Jessa Ziekenhuis–Campus Virga
Jesse, Hasselt, Belgium), Pervin Topcuoglu, MD
(Ankara University, Ankara, Turkey), Natalya G.
Tyurina, PhD (Moscow Oncology Reserach Institute
NA Herzen, Moscow, Russia), Mikhail Uvarov, MD,
PhD (City Clinical Hospital No. 31, St Petersburg,
Russia), Fadilah S. Abdul Wahid, PhD (Department
of Medicine, Universiti Kebangsaan Malaysia
Medical Center, Kuala Lumpur, Malaysia), Lucrecia
Yáñez San Segundo, MD, PhD (Hospital Marqués de
Valdecilla, Santander, Spain), Zeynep Arzu Yegin
(Gazi University Medical Faculty, Ankara, Turkey),
Su-Peng Yeh, MD (Department of Hematology,
China Medical University Hospital, Taichung,
Taiwan), Sze-Fai Yip, MD (Department of Medicine
and Geriatrics, Tuen Mun Hospital, Tuen Mun, Hong
Kong), Sung Soo Yoon, MD, PhD (Seoul National
University Hospital, Seoul, South Korea), Jo-Anne
H. Young, MD (University of Minnesota,
Minneapolis), Pierre Zachée, MD, PhD
(Hematologie-Oncologie, Ziekenhuisnetwerk
Antwerpen, ZNA Stuivenberg and ZNA Middelheim,
Antwerpen, Belgium), Francesco Zaja, MD (Clinica
Ematologica, Azienda Ospedaliero Universitaria S.
Maria Misericordia, Udine, Italy). Principal
investigators and study sites are listed in eTable 9
and committees and GSK team members are listed
in the eBox in Supplement 3.

Meeting Presentations: Presented at the BMT
Tandem Meetings; February 25, 2018; Salt Lake
City, Utah; and at the 44th annual meeting of the
European Society for Blood and Marrow
Transplantation; March 20, 2018; Lisbon, Portugal.

Data Sharing Statement: See Supplement 4.

Additional Contributions: We thank the
individuals who took part in this study as well as the
staff at the participating institutions, the members
of the independent data and safety monitoring and
herpes zoster ascertainment committees, and the
following GSK teams: clinical research and
development, clinical operations, statisticians,
medical data reviewers, case management, and
publications. We thank Julia Donnelly, PhD
(freelance on behalf of Modis, funded by GSK) and
Alpár Pöllnitz (Modis, funded by GSK), for providing
writing assistance and Sara Blancquaert, PhD
(Modis, funded by GSK), for editorial assistance and
manuscript coordination.

REFERENCES

1. Offidani M, Corvatta L, Olivieri A, et al.
A predictive model of varicella-zoster virus
infection after autologous peripheral blood
progenitor cell transplantation. Clin Infect Dis.
2001;32(10):1414-1422. doi:10.1086/320157

2. Wilson A, Sharp M, Koropchak CM, Ting SF,
Arvin AM. Subclinical varicella-zoster virus viremia,
herpes zoster, and T lymphocyte immunity to
varicella-zoster viral antigens after bone marrow
transplantation. J Infect Dis. 1992;165(1):119-126.
doi:10.1093/infdis/165.1.119

3. Meyers JD, Flournoy N, Thomas ED.
Cell-mediated immunity to varicella-zoster virus
after allogeneic marrow transplant. J Infect Dis.
1980;141(4):479-487. doi:10.1093/infdis/141.4.479

4. Sahoo F, Hill JA, Xie H, et al. Herpes zoster in
autologous hematopoietic cell transplant recipients

in the era of acyclovir or valacyclovir prophylaxis
and novel treatment and maintenance therapies.
Biol Blood Marrow Transplant. 2017;23(3):505-511.
doi:10.1016/j.bbmt.2016.12.620

5. Zhang D, Weiss T, Feng Y, Finelli L.
Duration of antiviral prophylaxis and risk
of herpes zoster among patients receiving
autologous hematopoietic stem cell
transplants: a retrospective, observational study.
Adv Ther. 2017;34(7):1610-1621. doi:10.1007/
s12325-017-0553-4

6. Seo HM, Kim YS, Bang CH, et al. Antiviral
prophylaxis for preventing herpes zoster in
hematopoietic stem cell transplant recipients:
a systematic review and meta-analysis. Antiviral Res.
2017;140:106-115. doi:10.1016/j.antiviral.2017.01.011

7. Lee CJ, Savani BN, Ljungman P. Varicella
zoster virus reactivation in adult survivors of
hematopoietic cell transplantation: how do we
best protect our patients? Biol Blood Marrow
Transplant. 2018;24(9):1783-1787. doi:10.1016/j.bbmt.
2018.04.003

8. Willis ED, Woodward M, Brown E, et al. Herpes
zoster vaccine live: a 10 year review of
post-marketing safety experience. Vaccine. 2017;35
(52):7231-7239. doi:10.1016/j.vaccine.2017.11.013

9. Alexander KE, Tong PL, Macartney K, Beresford
R, Sheppeard V, Gupta M. Live zoster vaccination in
an immunocompromised patient leading to death
secondary to disseminated varicella zoster virus
infection. Vaccine. 2018;36(27):3890-3893. doi:10.
1016/j.vaccine.2018.05.078

10. Lecrenier N, Beukelaers P, Colindres R, et al.
Development of adjuvanted recombinant zoster
vaccine and its implications for shingles prevention.
Expert Rev Vaccines. 2018;17(7):619-634. doi:10.
1080/14760584.2018.1495565

11. Lal H, Cunningham AL, Godeaux O, et al;
ZOE-50 Study Group. Efficacy of an adjuvanted
herpes zoster subunit vaccine in older adults. N Engl
J Med. 2015;372(22):2087-2096. doi:10.1056/
NEJMoa1501184

12. Cunningham AL, Lal H, Kovac M, et al; ZOE-70
Study Group. Efficacy of the herpes zoster subunit
vaccine in adults 70 years of age or older. N Engl J
Med. 2016;375(11):1019-1032. doi:10.1056/
NEJMoa1603800

13. Ljungman P, Cordonnier C, Einsele H, et al;
Center for International Blood and Marrow
Transplant Research; National Marrow Donor
Program; European Blood and Marrow Transplant
Group; American Society of Blood and Marrow
Transplantation; Canadian Blood and Marrow
Transplant Group; Infectious Disease Society of
America; Society for Healthcare Epidemiology
of America; Association of Medical Microbiology
and Infectious Diseases Canada; Centers for
Disease Control and Prevention. Vaccination of
hematopoietic cell transplant recipients. Bone
Marrow Transplant. 2009;44(8):521-526. doi:10.
1038/bmt.2009.263

14. Winston DJ, Mullane KM, Cornely OA, et al;
V212 Protocol 001 Trial Team. Inactivated varicella
zoster vaccine in autologous haemopoietic
stem-cell transplant recipients: an international,
multicentre, randomised, double-blind,

placebo-controlled trial. Lancet. 2018;391(10135):
2116-2127. doi:10.1016/S0140-6736(18)30631-7

15. Stadtmauer EA, Sullivan KM, Marty FM, et al.
A phase 1/2 study of an adjuvanted varicella-zoster
virus subunit vaccine in autologous hematopoietic
cell transplant recipients. Blood. 2014;124(19):2921-
2929. doi:10.1182/blood-2014-04-573048

16. Pocock SJ. Clinical Trials: A Practical Approach.
New York, NY: John Wiley & Sons; 1983.

17. White SJ, Freedman LS. Allocation of patients to
treatment groups in a controlled clinical study. Br J
Cancer. 1978;37(5):849-857. doi:10.1038/bjc.1978.124

18. Oxman MN, Levin MJ, Johnson GR, et al;
Shingles Prevention Study Group. A vaccine to
prevent herpes zoster and postherpetic neuralgia in
older adults. N Engl J Med. 2005;352(22):2271-2284.
doi:10.1056/NEJMoa051016

19. Harris AE, Styczynski J, Bodge M, Mohty M,
Savani BN, Ljungman P. Pretransplant vaccinations
in allogeneic stem cell transplantation donors and
recipients: an often-missed opportunity for
immunoprotection? Bone Marrow Transplant. 2015;
50(7):899-903. doi:10.1038/bmt.2015.49

20. Locke FL, Menges M, Nishihori T, Nwoga C,
Alsina M, Anasetti C. Boosting humoral and cellular
immunity to pneumococcus by vaccination before
and just after autologous transplant for myeloma.
Bone Marrow Transplant. 2016;51(2):291-294. doi:
10.1038/bmt.2015.239

21. Cunningham AL, Heineman TC, Lal H, et al;
ZOE-50/70 Study Group. Immune responses to a
recombinant glycoprotein E herpes zoster vaccine
in adults aged 50 years or older. J Infect Dis. 2018;
217(11):1750-1760. doi:10.1093/infdis/jiy095

22. Weinberg A, Levin MJ. VZV T cell-mediated
immunity. Curr Top Microbiol Immunol. 2010;342:
341-357.

23. Chlibek R, Pauksens K, Rombo L, et al.
Long-term immunogenicity and safety of an
investigational herpes zoster subunit vaccine in
older adults. Vaccine. 2016;34(6):863-868. doi:10.
1016/j.vaccine.2015.09.073

24. Onozawa M, Hashino S, Takahata M, et al.
Relationship between preexisting
anti-varicella-zoster virus (VZV) antibody and
clinical VZV reactivation in hematopoietic stem cell
transplantation recipients. J Clin Microbiol. 2006;
44(12):4441-4443. doi:10.1128/JCM.01312-06

25. Chlibek R, Smetana J, Pauksens K, et al. Safety
and immunogenicity of three different formulations
of an adjuvanted varicella-zoster virus subunit
candidate vaccine in older adults: a phase II,
randomized, controlled study. Vaccine. 2014;32(15):
1745-1753. doi:10.1016/j.vaccine.2014.01.019

26. Stassijns J, Bollaerts K, Baay M, Verstraeten T.
A systematic review and meta-analysis on the
safety of newly adjuvanted vaccines among
children. Vaccine. 2016;34(6):714-722. doi:10.1016/
j.vaccine.2015.12.024

27. 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-
1876. doi:10.1016/j.vaccine.2013.01.042

Effect of Recombinant Zoster Vaccine on Herpes Zoster After Autologous Stem Cell Transplantation Original Investigation Research

jama.com (Reprinted) JAMA July 9, 2019 Volume 322, Number 2 133

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Hacettepe Üniversitesi User  on 04/29/2020

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.9053&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.9053
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.9053&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.9053
https://dx.doi.org/10.1086/320157
https://dx.doi.org/10.1093/infdis/165.1.119
https://dx.doi.org/10.1093/infdis/141.4.479
https://dx.doi.org/10.1016/j.bbmt.2016.12.620
https://dx.doi.org/10.1007/s12325-017-0553-4
https://dx.doi.org/10.1007/s12325-017-0553-4
https://dx.doi.org/10.1016/j.antiviral.2017.01.011
https://dx.doi.org/10.1016/j.bbmt.2018.04.003
https://dx.doi.org/10.1016/j.bbmt.2018.04.003
https://dx.doi.org/10.1016/j.vaccine.2017.11.013
https://dx.doi.org/10.1016/j.vaccine.2018.05.078
https://dx.doi.org/10.1016/j.vaccine.2018.05.078
https://dx.doi.org/10.1080/14760584.2018.1495565
https://dx.doi.org/10.1080/14760584.2018.1495565
https://dx.doi.org/10.1056/NEJMoa1501184
https://dx.doi.org/10.1056/NEJMoa1501184
https://dx.doi.org/10.1056/NEJMoa1603800
https://dx.doi.org/10.1056/NEJMoa1603800
https://dx.doi.org/10.1038/bmt.2009.263
https://dx.doi.org/10.1038/bmt.2009.263
https://dx.doi.org/10.1016/S0140-6736(18)30631-7
https://dx.doi.org/10.1182/blood-2014-04-573048
https://dx.doi.org/10.1038/bjc.1978.124
https://dx.doi.org/10.1056/NEJMoa051016
https://dx.doi.org/10.1038/bmt.2015.49
https://dx.doi.org/10.1038/bmt.2015.239
https://dx.doi.org/10.1093/infdis/jiy095
https://www.ncbi.nlm.nih.gov/pubmed/20473790
https://www.ncbi.nlm.nih.gov/pubmed/20473790
https://dx.doi.org/10.1016/j.vaccine.2015.09.073
https://dx.doi.org/10.1016/j.vaccine.2015.09.073
https://dx.doi.org/10.1128/JCM.01312-06
https://dx.doi.org/10.1016/j.vaccine.2014.01.019
https://dx.doi.org/10.1016/j.vaccine.2015.12.024
https://dx.doi.org/10.1016/j.vaccine.2015.12.024
https://dx.doi.org/10.1016/j.vaccine.2013.01.042
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.9053

