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Background. Safety and immunogenicity of heat-treated zoster vaccine (ZVHT) were assessed in immunocom-
promised adults.

Methods. In a randomized, double-blind, placebo-controlled, multicenter study, 4 doses ZVHT or placebo were
administered approximately 30 days apart to adults with either solid tumor malignancy (STM); hematologic
malignancy (HM); human immunodeficiency virus (HIV) with CD4+ ≤200; autologous hematopoietic stem-cell
transplant (HCT) or allogeneic-HCT recipients. Varicella-zoster virus (VZV) T-cell responses by interferon-γ
enzyme-linked immunospot (IFN-γ ELISPOT) and VZV antibody concentrations by glycoprotein enzyme-linked
immunosorbent assay (gpELISA) were measured at baseline and approximately 28 days after each dose.

Results. No safety signals were found in any group. IFN-γ ELISPOT geometric mean fold rises (GMFR) after dose
4 in STM, HM, HIV, and autologous-HCT patients were 3.00 (P < .0001), 2.23 (P = .004), 1.76 (P = .026), and 9.01
(P =NA), respectively. Similarly, antibody GMFR were 2.35 (P < .0001), 1.28 (P = .003), 1.37 (P = .017), and 0.90
(P =NA), respectively. T-cell and antibody responses were poor after 4 doses of ZVHT in allogeneic-HCT patients.

Conclusion. ZVHT was generally safe and immunogenic through 28 days post-dose 4 in adults with STM, HM,
and HIV. Autologous-HCT but not allogeneic-HCT patients had a rise in T-cell response; antibody responses were
not increased in either HCT population.
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The incidence and severity of herpes zoster (HZ) are
increased in immunocompromised populations with

impaired cell-mediated immunity. Patients receiving
chemotherapy for a hematologic malignancy (HM) or
solid tumor malignancy (STM), undergoing a hemato-
poietic stem-cell transplant (HCT), or infected with
human immunodeficiency virus (HIV) all have higher
incidences of HZ than healthy persons [1]. Compared
to the general population where the incidence of HZ is
2–5 cases/1000 person-years, the respective incidences
of HZ in patients receiving treatment for a STM, given
chemotherapy for a HM, infected with HIV, or under-
going HCT are 15–80, 25–100, 20–100, and 200 cases/
1000 person-years [2–9]. These immunocompromised
populations also experience significant morbidity and
occasional mortality from complications associated
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with reactivation of the varicella-zoster virus (VZV), including
post-herpetic neuralgia (PHN), secondary bacterial infections,
and disseminated VZV infection.

Currently, a live attenuated zoster vaccine (ZOSTAVAX™;
Merck & Co., Inc., Whitehouse Station, NJ) is approved for pre-
vention of HZ in immunocompetent individuals ≥50 years
[10]. In large placebo-controlled trials, vaccination with the live
attenuated zoster vaccine demonstrated an excellent safety
profile and was associated with a reduction of the incidence of
HZ by 51% to 70% and a reduction of the incidence of PHN by
approximately 66% [11, 12]. Over 11 million doses of zoster
vaccine have been administered; the vaccine has a favorable
safety profile and rashes testing positive for the vaccine strain
by polymerase chain reaction (PCR) occur very rarely.
However, the live attenuated zoster vaccine is contraindicated
in immunocompromised populations, which leave this high-
risk population with no means of enhancing immunity against
this virus.

Initial studies using a heat-treated inactivated Oka/Merck vari-
cella vaccine showed the vaccine was generally safe, reconstituted
T-cell immunity against VZV, and reduced morbidity from VZV
reactivation in HCT recipients [13, 14]. Based on these favorable
results, we undertook this study to further evaluate the safety and
immunogenicity of a heat-treated VZV vaccine (ZVHT) in a
diverse population of immunocompromised patients, including
patients receiving therapy for a STM or HM, HIV-infected pa-
tients, and individuals undergoing HCT.

METHODS

Study Design
This randomized, double-blind, placebo-controlled multicenter
study to evaluate the safety and immunogenicity of ZVHT in
immunocompromised adults was conducted between Novem-
ber 2007 and January 2010 in accordance with the ethical prin-
ciples of the Declaration of Helsinki and the principles of
current Good Clinical Practices. The study protocol and
amendments were approved by local or central institutional
review boards. All patients provided written informed consent.

Randomization was stratified by the underlying disease
(Table 1). Patients were randomized to receive either ZVHT

(n = 262) or placebo (n = 79), both of which were given as a
4-dose regimen (Figure 1). For HCT recipients, dose 1 was
administered approximately 30 days prior to a scheduled auto-
logous or allogeneic HCT and doses 2 through 4 were adminis-
tered at 30, 60, and 90 days post-HCT. HIV-infected patients
and those with HM not receiving chemotherapy received
dose 1 at the time of enrollment and doses 2 through 4 at
approximately 30-day intervals. For patients with STM or HM
receiving chemotherapy, study vaccine was administered ap-
proximately 7 days before any chemotherapy cycle with ap-
proximately 30 days between doses.

The sizes of the underlying disease groups (STM, HM, and
HIV) were chosen to provide initial immunogenicity and safety
data prior to initiating larger phase III studies and provided
76% power to detect a VZV interferon-γ enzyme-linked immu-
nospot (IFN-γ ELISPOT) geometric mean fold-rise (GMFR)
(lower bound of 90% confidence interval [CI] > 1.0) if the true
GMFR was 2.0-fold and 83% power to detect a glycoprotein
enzyme-linked immunosorbent assay (gpELISA) GMFR if the
true GMFR was 1.5-fold. Autologous and allogeneic HCT pop-
ulations were included in this study to provide additional safety
data and experience with immunogenicity assays not used in
initial studies [13, 14].

Study Population
Immunocompromised patients ≥18 years with at least a 1-year
life expectancy and a history of varicella or residence in a VZV-
endemic area for ≥30 years were eligible for the study. Immu-
nocompromised populations included in this study were (1)
individuals with STM receiving chemotherapy, (2) individuals
with HM, (3) HIV-infected individuals with a baseline CD4+

cell count ≤200 cells/mm3, and (4) autologous or allogeneic
HCT recipients (Table 1).

Patients were excluded if they had a history of hypersensitivi-
ty to ZVHT vaccine components; a history of HZ within 1 year
of enrollment; a prior history of receipt of any VZV vaccine;
were pregnant or expecting to conceive from the period of time
of 2 weeks prior to vaccination through 6 months after the last
vaccination; or had received, or were scheduled to receive, a live
virus vaccine in the period from 4 weeks prior to dose 1
through 28 days post-dose 4.

Patients With STM Receiving Chemotherapy
Patients with STM diagnosed ≤2 years prior to enrollment
were included if they were undergoing frontline cytotoxic che-
motherapy (including biologic treatments) for primary breast,
colorectal, lung, or ovarian cancer. Study candidates with STM
were excluded if they had central nervous system (CNS) metas-
tasis, recurrence of cancer, or if they required modification of
planned chemotherapy regimen because of intolerance to a
chemotherapeutic agent. Patients who received blood products,
immunostimulants, or immunosuppressive monoclonal anti-
body biologic treatments were excluded.

Patients With HM
Patients with HM (leukemia, lymphoma, or multiple myeloma)
were included if they were receiving a chemotherapeutic
regimen without rituximab or received the last dose of rituxi-
mab ≥3 months prior to study enrollment. Individuals ≥50
years with chronic lymphocytic leukemia (CLL) or active lym-
phoma but not receiving chemotherapy and not likely to
undergo HCT during the study period were also included. Pa-
tients with HM were excluded from the study if they had CNS
metastasis, an underlying cancer (other than Hodgkin’s
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Table 1. Patient Demographics and Underlying Diseases by Patient Group

ZVHT Placebo

no. (%) no. (%)

Patients in population 262 79
Gender

Male 158 (60.3) 48 (60.8)

Female 104 (39.7) 31 (39.2)
Race

White 183 (69.8) 57 (72.2)

Black 70 (26.7) 21 (26.6)
Asian 8 (3.1) 1 (1.3)

Other 1 (0.4) 0 (0.0)

Mean age (range) in years
Autologous HCT recipients 40 47.4 (21–76) 10 47.0 (21–69)

Allogeneic HCT recipients 41 45.9 (19–72) 10 49.5 (19–71)

STM patients 59 55.8 (35–81) 20 64.0 (41–83)
HM patients 62 64.3 (19–85) 19 61.0 (28–91)

HIV-infected Patients 60 46.5 (32–64) 20 43.3 (27–56)

Total study population 262 52.9 (19–85) 79 54.1 (19–91)
STM patients 59 20

Breast cancer 23 (39.0) 9 (45.0)

Colorectal cancer 20 (33.9) 5 (25.0)
Lung cancer 15 (25.4) 6 (30.0)

Ovarian 1 (1.7) 0 (0.0)

HM patients 61a 19
ALL 4 (6.5) 1 (5.3)

AML 1 (1.6) 0 (0.0)

CLL 23 (37.1) 9 (47.4)
CML 4 (6.5) 0 (0.0)

Hairy cell leukemia 2 (3.2) 0 (0.0)

Non-Hodgkins lymphoma 14 (22.6) 5 (26.3)
Hodgkins lymphoma 3 (4.8) 1 (5.3)

Langerhan histiocytosis 0 (0.0) 1 (5.3)

Multiple myeloma 7 (11.3) 2 (10.5)
Myelodysplastic syndrome 1 (1.6) 0 (0.0)

Polycythemia vera 1 (1.6) 0 (0.0)

T-cell prolymphocytic leukemia 1 (1.6) 0 (0.0)
HIV-infected patients 60 20

CD4 count ≤100 cells/mm3 29 (48.3) 9 (45.0)

CD4 count >100 cells/mm3 31 (51.7) 11 (55.0)
Autologous HCT patients 40 10

AML 1 (2.5) 0 (0.0)

Non-Hodgkins lymphoma 16 (40.0) 5 (50.0)
Hodgkins lymphoma 6 (15.0) 2 (20.0)

Medulloblastoma 2 (5.0) 0 (0.0)

Testicular choriocarcinoma 1 (2.5) 0 (0.0)
Multiple myeloma 14 (35.0) 3 (30.0)

Allogeneic HCT patients 40a 10

ALL 7 (17.1) 2 (20.0)
AML 11 (26.8) 2 (20.0)

CLL 5 (12.2) 0 (0.0)

CML 5 (12.2) 1 (10.0)
Non-Hodgkins lymphoma 6 (14.6) 1 (10.0)
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lymphoma) that had relapsed more than twice or had required
chemotherapy modification due to intolerance.

HIV-Infected Patients
HIV-infected patients enrolled into the study were required to
have a CD4+ cell count ≤200 cells/mm3 documented within 90
days prior to dose 1 and to be receiving highly active antiretro-
viral therapy (HAART) for at least 30 days prior to enrollment.
Patients with opportunistic infections were to be on therapy for
at least 30 days prior to dose 1. Patients who received blood
products, immunostimulants, or immunosuppressive monoclo-
nal antibody biologic treatments were excluded.

HCT Recipients
Patients undergoing HCT were included if they were scheduled
to undergo an autologous HCT for the treatment of leukemia,
lymphoma, or other cancer or receive an allogeneic HCT for
any reason within 60 days of enrollment. Patients undergoing
HCT were excluded if they had more than 2 relapses of their
underlying cancer (excluding Hodgkin’s lymphoma) or were
expected to undergo a tandem transplant procedure.

Study Vaccine Description
The lyophilized ZVHT vaccine (4.8 UAg/dose) and placebo
(vaccine stabilizer for ZVHTwith no virus antigen) were supplied

to the study centers in 3.0-mL single-dose vials and refrigerated
at 2°C–8°C (or colder). Both study products were reconstituted
with sterile diluent immediately prior to administration and
were indistinguishable from each other. All patients received a
total of 4 0.65-mL subcutaneous injections of either ZVHT or
placebo according to the predefined dosing schedule.

Four vaccine doses were administered in this study because
of favorable safety and efficacy data obtained with a 4-dose
vaccine regimen in a pilot study of patients undergoing autolo-
gous HCT [14]. The number of vaccine doses that may confer
protection from HZ in the STM, HM, and HIV populations is
not known.

Safety Surveillance
The safety and tolerability assessment in each of the immuno-
compromised populations was based on adverse experiences
(AEs) reported from the first dose of vaccine through 28 days
post-dose 4. Throughout this period, daily oral temperature
readings, injection-site reactions, and systemic AEs were re-
corded on a vaccination report card (VRC). Patients recorded
injection-site AEs (redness, swelling, and pain/tenderness) for
5 days after each vaccination on the VRC.

Patients who developed suspected varicella/varicella-like or
HZ/HZ-like rashes during the follow-up period through 28 days

Table 1 continued.

ZVHT Placebo

no. (%) no. (%)

Aplastic anemia 0 (0.0) 1 (10.0)
Multiple myeloma 1 (2.4) 0 (0.0)

Myelodysplastic syndrome 4 (9.8) 2 (20.0)

Myelofibrosis 1 (2.4) 0 (0.0)
RAEB Type II myelodysplasia 0 (0.0) 1 (10.0)

Abbreviations: HCT, hematopoietic stem-cell transplant; HIV, human immunodeficiency virus; HM, hematologic malignancy; STM, solid tumor malignancy.
a One patient was randomized into the vaccine group but was not vaccinated; that patient’s diagnosis is not included in this table.

Figure 1. ZVHT or placebo dosing schedule.
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post-dose 4 were instructed to contact the investigator as soon
as possible after rash onset for clinical evaluation and collection
of clinical specimens from the lesion(s) for PCR analysis [15].

Immunogenicity Measurements
For the evaluation of immune responses to vaccination, blood
samples were collected prior to each dose of study vaccine and
at 28 days post-dose 4. VZV IFN-γ ELISPOT assay was per-
formed to directly measure the presence of IFN-γ-secreting
VZV-specific peripheral blood mononuclear cells (PBMCs)
before and after vaccination [16] and VZV immunoglobulin
G (IgG) antibodies to VZV glycoprotein were measured by
gpELISA [17–19].

Statistical Methods
Safety
Safety assessment included proportions of patients with: (1)
any AE, (2) any injection-site AE, (3) any systemic AE, (4) any
serious AE, (5) any vaccine-related serious AE (as determined
by the blinded investigator), and (6) any discontinuation from
the study due to an AE occurring after any study vaccination
through 28 days post-dose 4 in each population. For these mea-
surements, 95% CI of the risk difference between vaccine and
placebo groups were examined using the asymptotic methods
proposed by Miettinen and Nurminen [20].

The primary safety endpoint of the study was based on the in-
cidence of serious AEs observed during the 4 follow-up periods
in each vaccination group in each population. Two-sided 95%
CIs on the proportion of patients with any serious AEs were
computed, based on the exact binomial distribution [21].

Immunogenicity
The primary immunologic endpoints were the GMFR from
prevaccination to 28 days post-dose 4 of PBMC IFN-γ secretion
measured by IFN-γ ELISPOT assay and of VZV antibody mea-
sured by gpELISA. The primary immunogenicity hypothesis
was that ZVHT would elicit significant VZV-specific immune
responses measured by either VZV IFN-γ ELISPOT or
gpELISA at 28 days post-dose 4. Hypothesis testing (applicable
in the HM, STM, and HIV patient populations) and estimation
for each assay (VZV IFN-γ ELISPOT or gpELISA) were based
on a longitudinal model [22]. Success required that the lower
bound of the 90% CI for GMFR be >1.0, which is equivalent to
a 1-sided P value < .05. The model only used data from the
vaccine recipients, with the log-transformed VZV responses at
each visit being used as response variables and the visit variable
as covariate. The immunogenicity analysis was exploratory in
the HCT populations because confounding treatments such as
blood products might interfere with immunogenicity measures,
and because clinical efficacy and immunogenicity have already
been shown in this group [13, 14].

RESULTS

Participant Accounting and Demographics
Overall, 341 patients were randomized. The ZVHT and placebo
groups in each immunocompromised population were similar
in terms of age, gender, race, and underlying cancer diagnosis
(Table 1). In all, 79.0% (207/262) of ZVHT recipients and 84.8%
(67/79) of placebo recipients completed all study visits
(Table 2). Four (4) randomized patients who were not vaccinat-
ed are not included in the safety or immunogenicity analyses.
Forty-eight (48) patients had protocol violations (some had
more than 1 violation), whose immunogenicity results obtained
subsequent to the violation were excluded from the immunoge-
nicity analyses: 27 with prohibited vaccine or medication that
could have interfered with immunity assessments, 13 with HZ
or HZ-like rash, 9 reported exposure to VZV, and 3 did not
undergo HCT (2 autologous, 1 allogeneic).

Safety
All randomized participants who received at least 1 dose
of study vaccination were included in the safety analyses
(Table 3). In the ZVHT group, the proportion of patients report-
ing injection site AEs ranged from 3.3% in the HIV-infected
group to 36.8% in the STM group. In the placebo group, injec-
tion site reactions ranged from 0% in the allogeneic HCT group
to 15.0% in the HIV-infected placebo-treated group.

In the ZVHT group, the proportion of patients reporting
SAEs ranged from 12.3% for STM patients to 80.0% for alloge-
neic HCT patients. In the placebo group, the proportion of pa-
tients reporting SAEs ranged from 5.3% for the HM group to
70.0% for the allogeneic HCT population. Only 2 SAEs (motor
sensory neuropathy [continuing at time of study discontinua-
tion] and vomiting [resolved]), both in the HM population,
were considered by the investigators to be possibly related to
ZVHT.

Two patients (5%) in the ZVHT autologous HCT stratum de-
veloped auto-GVHD [23] following the first dose of the
vaccine; no cases were detected in the autologous HCT placebo
arm. Neither occurrence was deemed vaccine-related by the re-
porting investigator. GVHD occurrences were similarly distrib-
uted between the two allogeneic HCT vaccination groups
(ZVHT: 21 patients [52.5%]; placebo: 5 patients [50.0%]).

Immunogenicity
Patients With STM Receiving Chemotherapy
The primary IFN-γ ELISPOT hypothesis was met in this
stratum, as post-dose 4 immune responses in ZVHT recipients
were significantly higher than those at baseline (GMFR = 3.0
[90% CI, 2.0–4.6], P value = < .0001; Table 4). Responses
among ZVHT recipients were generally higher than among
placebo recipients (Table 5).
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The primary gpELISA hypothesis was also met, as post-dose
4 antibody levels measured by gpELISA were significantly
higher than those at baseline (GMFR = 2.4 [90% CI, 1.8–3.0],
P value < .0001; Table 4). Antibody levels among ZVHT recipi-
ents were generally higher than among placebo recipients post-
dose 4 (Table 5).

Patients With HM
The primary IFN-γ ELISPOT hypothesis was met in this
stratum, as post-dose 4 immune responses were significantly
higher among ZVHT recipients than those measured at baseline
(GMFR = 2.2 [90% CI, 1.4–3.5], P value = .004; Table 4). Re-
sponses among those in the ZVHT group were generally higher
than among placebo recipients (Table 5).

Among ZVHT recipients, the primary gpELISA hypothesis
was met, as post-dose 4 antibody levels measured by gpELISA
were significantly higher than those at baseline (GMFR = 1.3
[90% CI, 1.1–1.5], P value = .003; Table 4). The post-dose 4
antibody levels appeared similar among the ZVHT and placebo
recipients; however, baseline levels were numerically lower for
the ZVHT group compared with the placebo group (Table 5).

HIV-Infected Patients
The primary IFN-γ ELISPOT hypothesis was met, as post-dose
4 immune responses were significantly higher than those at
baseline (GMFR = 1.8 [90% CI, 1.2–2.7], P value = .026; Table 4).
Although the geometric mean concentrations (GMCs) for both
the ZVHT and placebo groups were very low, responses in ZVHT

group were generally higher than among placebo recipients
(Table 5).

Among ZVHT recipients in this stratum, the primary
gpELISA hypothesis was met, as post-dose 4 antibody levels
measured by gpELISA were significantly higher than those at
baseline (GMFR = 1.4 [90% CI, 1.1–1.7], P value = .017;
Table 4). Antibody levels were generally similar among both
groups (Table 5).

Autologous HCT Recipients
The ZVHT vaccine elicited significant VZV-specific immune re-
sponses measured by IFN-γ ELISPOT at 28 days post-dose 4 in
this population (GMFR = 9.0 [90% CI, 4.4–18.4]; Table 4).
Post-dose 4 GMCs among ZVHT recipients were generally
higher than those measured in the placebo recipients (Table 5).

Among ZVHT recipients in this stratum, VZV-specific anti-
body responses measured by gpELISA at 28 days post-dose 4
were not statistically significant (GMFR = 0.9 [90% CI, 0.6–1.3];
Table 4). Antibody levels among ZVHT recipients were generally
higher than among placebo recipients post-dose 4 (Table 5).

Allogeneic HCT Recipients
Among ZVHT recipients in this stratum, VZV-specific immune
responses measured by IFN-γ ELISPOT were lower post-dose 4
than at baseline (GMFR = 0.2 [90% CI, .1–.4]), and responses
measured by gpELISA were unchanged (GMFR = 1.0 [90% CI,
0.7–1.4]; Table 4).

Table 2. Patient Accounting

STM Patients HM Patients HIV-Infected Patients
Autologous HCT

Recipients
Allogeneic HCT

Recipients

ZVHT

(N = 59)
Placebo
(N = 20)

ZVHT

(N = 62)
Placebo
(N = 19)

ZVHT

(N = 60)
Placebo
(N = 20)

ZVHT

(N = 40)
Placebo
(N = 10)

ZVHT

(N = 41)
Placebo
(N = 10)

no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%)

Dose Administered
Vaccination 1 58 (98.3) 19 (95.0) 61 (98.4) 19 (100) 60 (100) 20 (100) 40 (100) 10 (100) 40 (97.6) 10 (100)

Vaccination 2 52 (88.1) 19 (95.0) 58 (93.5) 19 (100) 57 (95.0) 19 (95.0) 35 (87.5) 10 (100) 37 (90.2) 8 (80.0)

Vaccination 3 48 (81.4) 19 (95.0) 51 (82.3) 18 (94.7) 53 (88.3) 18 (90.0) 34 (85.0) 10 (100) 35 (85.4) 8 (80.0)
Vaccination 4 47 (79.7) 19 (95.0) 51 (82.3) 18 (94.7) 50 (83.3) 17 (85.0) 34 (85.0) 10 (100) 32 (78.0) 6 (60.0)

Study Disposition

Completed 47 (79.7) 19 (95.0) 51 (82.3) 18 (94.7) 47 (78.3) 16 (80.0) 33 (82.5) 8 (80.0) 29 (70.7) 6 (60.0)
Discontinued 12 (20.3) 1 (5.0) 11 (17.7) 1 (5.3) 13 (21.7) 4 (20.0) 7 (17.5) 2 (20.0) 12 (29.3) 4 (40.0)

Adverse event 3 (5.1) 0 (0.0) 5 (8.1) 1 (5.3) 2 (3.3) 1 (5.0) 1 (2.5) 0 (0.0) 9 (22.0) 3 (30.0)

Lost to follow-up 2 (3.4) 0 (0.0) 0 (0.0) 0 (0.0) 6 (10.0) 1 (5.0) 1 (2.5) 2 (20.0) 0 (0.0) 0 (0.0)
Physician
decision

1 (1.7) 0 (0.0) 1 (1.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Protocol violation 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.7) 0 (0.0) 2 (5.0) 0 (0.0) 1 (2.4) 0 (0.0)

Withdrawal by
patient

6 (10.2) 1 (5.0) 5 (8.1) 0 (0.0) 4 (6.7) 2 (10.0) 3 (7.5) 0 (0.0) 2 (4.9) 1 (10.0)

Abbreviations: HIV, human immunodeficiency virus; HM, hematologic malignancy; STM, solid tumor malignancy.
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Table 3. Adverse Event Summary by Patient Group

ZVHT Placebo
Difference in % vs. Placebo
Estimate (95% CI)N (%) N (%)

STM patients 57 19

With ≥1 adverse events 40 (70.2) 13 (68.4) 1.8 (−19.6, 27.0)
With vaccine-relateda adverse events 24 (42.1) 1 (5.3) 36.8 (14.8, 51.5)

Injection-site 21 (36.8) 1 (5.3) 31.6 (9.7, 46.2)

Noninjection-site 3 (5.3) 0 0.0 5.3 (−12.0, 14.5)
With serious adverse events 7 (12.3) 2 (10.5) 1.8 (−20.4, 15.7)
With serious vaccine-relateda adverse events 0 0.0 0 0.0 0.0 (−17.0, 6.4)
Who died 1b (1.8) 0 0.0 1.8 (−15.3, 9.4)

HM patients 61 19

With ≥1 adverse events 53 (86.9) 10 (52.6) 34.3 (11.7, 56.8)

With vaccine-relateda adverse events 24 (39.3) 5 (26.3) 13.0 (−12.5, 33.2)
Injection-site 19 (31.1) 2 (10.5) 20.6 (−2.6, 36.3)
Noninjection-site 11 (18.0) 3 (15.8) 2.2 (−21.2, 18.3)
With serious adverse events 12 (19.7) 1 (5.3) 14.4 (−6.5, 27.6)
With serious vaccine-relateda adverse events 2c (3.3) 0 0.0 3.3 (−13.9, 11.3)
Who died 4d (6.6) 0 0.0 6.6 (−10.7, 15.8)

HIV-infected patients 60 20

With ≥1 adverse events 34 (56.7) 12 (60.0) −3.3 (−26.1, 21.6)
With vaccine-relateda adverse events 6 (10.0) 4 (20.0) −10.0 (−32.7, 5.8)
Injection-site 2 (3.3) 3 (15.0) −11.7 (−33.2, 0.6)
Noninjection-site 4 (6.7) 1 (5.0) 1.7 (−17.6, 12.3)
With serious adverse events 8 (13.3) 2 (10.0) 3.3 (−18.1, 17.0)
With serious vaccine-relateda adverse events 0 0.0 0 0.0 0.0 (−16.3, 6.1)
Who died 1e (1.7) 0 0.0 1.7 (−14.7, 8.9)

Autologous HCT Recipients 40 10

With ≥1 adverse events 40 (100.0) 10 (100.0) 0.0 (−8.9, 28.2)
With vaccine-relateda adverse events 4 (10.0) 1 (10.0) 0.0 (−31.7, 16.3)
Injection-site 4 (10.0) 1 (10.0) 0.0 (−31.7, 16.3)
Noninjection-site 0 0.0 0 0.0 0.0 (−28.2, 8.9)
With serious adverse events 13 (32.5) 2 (20.0) 12.5 (−21.7, 35.3)
With serious vaccine-relateda adverse events 0 0.0 0 0.0 0.0 (−28.2, 8.9)
Who died 1f (2.5) 0 0.0 2.5 (−25.8, 13.0)

Allogeneic HCT Recipients 40 10

With ≥1 adverse events 40 (100.0) 10 (100.0) 0.0 (−8.9, 28.2)
With vaccine-relateda adverse events 6 (15.0) 1 (10.0) 5.0 (−27.2, 22.5)
Injection-site 6 (15.0) 0 0.0 15.0 (−14.1, 29.2)
Noninjection-site 0 0.0 1 (10.0) −10.0 (−40.8, −0.4)
With serious adverse events 32 (80.0) 7 (70.0) 10.0 (−15.1, 42.9)
With serious vaccine-relateda adverse events 0 0.0 0 0.0 0.0 (−28.2, 8.9)
Who diedg 11 (27.5) 2 (20.0) 7.5 (−26.4, 30.0)

Abbreviations: CI, confidence interval; HCT, hematopoietic stem-cell transplant; HIV, human immunodeficiency virus; HM, hematologic malignancy; N, patients in
population with follow-up.
a Determined by the investigator to be related to the vaccine.
b One ZVHT recipient died of acute respiratory failure; assessed by the investigator as not related to vaccine.
c Two serious vaccine-related AEs in ZVHT group: (1) vomiting on day 2 post-dose 1; (2) motor sensory polyneuropathy beginning on day 6 post-dose 2 (assessed as
related to other suspect therapy [cyclophosphamide, doxorubicin, vincristine, cytarabine, and methotrexate] and possibly related to ZVHT).
d Four ZVHT recipients died (causes of death: arteriosclerosis of coronary artery, malignant neoplasm progression, leukemia, neutropenic sepsis); all assessed by
the investigators as not related to vaccine.
e One ZVHT recipient died of septic shock; assessed by the investigator as not related to vaccine.
f One ZVHT recipient died of Non-Hodgkin’s lymphoma, assessed as not related to vaccine by the investigator.
g Deaths occurred in 27.5% of ZVHT recipients and 20.0% of placebo recipients; causes of death generally appeared related to underlying condition or treatment
regimen, and all deaths were assessed by the investigator as not related to vaccine.
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VZV Infections
Two of 79 placebo patients (2.5%) and 11 of 262 vaccine pa-
tients (4.2%) presented with rashes suggestive of VZV infection
during the study period and were given the diagnosis of varicel-
la/varicella-like or HZ/HZ-like infection by a study investigator
and/or primary physician (Table 6). PCR testing for VZV in a
skin lesion was performed in lesion swabs from 8 of these 13
patients. PCR testing was ultimately positive for wild-type VZV
in only 3 patients (2 placebo recipients, 1 ZVHT recipient). No
patient with PCR results had a rash positive for the ZVHT

strain.

DISCUSSION

The risk of reactivation of VZV, resulting in HZ, appears to in-
versely correlate with the level of VZV-specific cell-mediated
immune responses [5, 24–26]. The greater the intensity of im-
munosuppression in a host, the greater the risk of HZ and at-
tendant risk of more severe HZ presentations, including
myelitis, encephalitis, or disseminated disease with visceral in-
volvement. Profound and prolonged suppression of cell-medi-
ated immunity occurs in individuals who are HIV-infected,
have hematologic malignancies (especially those arising from

the lymphatic system), are receiving long-term cytotoxic che-
motherapy or immunosuppressant agents, and undergoing ex-
tensive radiation therapy. As expected, the patient groups
enrolled in the present study had clear, even profound, suppres-
sion of cell-mediated immunity, as demonstrated by the ob-
served low baseline IFN-γ ELISPOT GMCs. For context,
baseline GMCs observed in this heterogeneous population of
immunocompromised patients were generally lower than the
baseline GMCs of immunocompetent adults observed in prior
studies of the live zoster vaccine [27, 28].

Prevention and treatment of opportunistic infections, in-
cluding VZV reactivation, in immunocompromised hosts
remain formidable challenges and infections continue to be a
major cause of morbidity and mortality in these patient popu-
lations, despite advancements in vaccines and other therapies.
Live virus vaccines are typically contraindicated in immuno-
compromised patients due to the potential risk of unchecked
replication of attenuated vaccine strains in the absence of
a robust immune response. The zoster vaccine used in this
study was heat-treated, which greatly limits the amount of live
virus in the vaccine while preserving the quantity of viral
antigen. In 2 proof-of-concept clinical trials involving both
autologous HCT and allogeneic HCT recipients, there was an
observed reduction in the incidence and severity of HZ
among patients who received a heat-treated VZV-containing
vaccine [13, 14].

In the current study, a 4-dose regimen ZVHT was found to be
generally safe in all 5 subpopulations of immunocompromised
patients evaluated. Vaccine-related AEs were infrequent and
consisted mostly of pain and erythema at the injection site.
Two SAEs reported by 2 HM patients were deemed by the in-
vestigators to be possibly related to ZVHT. These SAEs were
confounded by concurrent conditions or therapies that may
have caused the SAEs. The overall incidence of all AEs and
SAEs were similar for both ZVHT and placebo patients. For the
HM patients, the frequencies of systemic AEs overall were in-
creased in the vaccine group compared with the placebo group.
There were no documented cases of skin lesions caused by the
vaccine strain in the study.

Significant VZV-specific T-cell and antibody responses were
elicited at 28 days post-dose 4 in the patients with STM, HM,
and HIV infection with CD4+ counts ≤200 cells/mm3. Re-
sponses in all 3 of these populations met the protocol’s prespec-
ified success criteria. Immunogenicity responses observed for
the STM and HM patient groups suggest that ZVHT may
reduce the incidence of HZ in these groups, although clinical
protection conferred by this vaccine will need to be demon-
strated in a controlled clinical efficacy trial.

Immunogenicity responses elicited in HIV-infected patients
were of low magnitude and may be insufficient to translate into
a reduction in HZ for this patient group. In HIV-infected indi-
viduals, the frequency of HZ is greater than that of the general

Table 4. GMFR from Baseline to Post-dose 4 in ZVHT Recipients
(Per Protocol Population)

Treatment Group na
Estimated
GMFRb 90% CI P Value

VZV-specific T-cell function by IFN-γ ELISPOT
STM 56 3.0 (2.0, 4.6) <.0001

HM 60 2.2 (1.4, 3.5) .004

HIV-infected 60 1.8 (1.2, 2.7) .026
Autologous
HCT

38 9.0 (4.4, 18.4) Exploratory
only

Allogeneic HCT 40 0.2 (0.1, 0.4) Exploratory
only

VZV antibody response by gpELISA

STM 55 2.4 (1.8, 3.0) <.0001
HM 59 1.3 (1.1, 1.5) .003

HIV-infected 60 1.4 (1.1, 1.7) .017

Autologous
HCT

38 0.9 (0.6, 1.3) Exploratory
only

Allogeneic HCT 36 1.0 (0.7, 1.4) Exploratory
only

Abbreviations: CI, confidence interval; ELISPOT, enzyme-linked immunospot;
GMFR, geometric mean fold rises; gpELISA, glycoprotein enzyme-linked
immunosorbent assay; HCT, hematopoietic stem-cell transplant; HIV, human
immunodeficiency virus; HM, hematologic malignancy; IFN-γ, interferon γ;
STM, solid tumor malignancy; VZV, Varicella zoster virus.
a n, no. of patients contributing to analysis (valid results at baseline or time
points post-baseline).
b Calculated based on a single longitudinal regression model adjusting for
prevaccination values.
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population at all CD4+ cell counts, moreover, the frequency in-
creases as CD4+ cell counts decline [29]. Although HZ is not
associated with increased risk of death or faster progression to

AIDS, HIV-infected patients with low CD4+ counts are prone
to HZ complications including ocular involvement, PHN, mye-
litis, meningitis, and chronic atypical skin lesions [30].

Table 5. Observed IFN-γ ELISPOT and gpELISA Results (Per Protocol Population)

IFN-γ ELISPOT gpELISA

Baseline Post-dose 4 Baseline Post-dose 4

Treatment n GMC (90% CI) n GMC (90% CI) n GMT (90% CI) n GMT (90% CI)

STM patients

ZVHT 51 24 (15.6, 36.8) 32 88.8 (57.0, 138.3) 51 235 (163.3, 338.2) 33 452 (341.9, 597.4)
Placebo 18 18.7 (8.0, 43.9) 16 25.3 (12.2, 52.2) 19 262.6 (168.3, 409.6) 16 291.3 (178.0, 476.6)

HM patients

ZVHT 59 11.3 (7.2, 17.5) 38 26.2 (14.5, 47.3) 59 205.3 (158.1, 266.6) 38 252.9 (182.9, 349.6)
Placebo 19 21.2 (11.6, 38.8) 14 13.3 (4.4, 40.4) 17 258.9 (129.9, 516.2) 14 242.3 (133.4, 440.1)

HIV-infected patients

ZVHT 57 2.6 (1.8, 3.8) 42 5.3 (3.1, 8.9) 60 187.2 (127.4, 274.9) 43 229.9 (145.4, 363.3)
Placebo 20 2.3 (1.3, 4.1) 14 1.9 (1.0, 3.4) 19 196.9 (102.2, 379.5) 14 203.1 (111.1, 371.1)

Autologous HCT recipients

ZVHT 31 9.1 (5.2, 15.9) 24 92.2 (47.0, 180.9) 38 214.1 (147.3, 311.2) 30 196.2 (126.4, 304.5)
Placebo 7 8.6 (2.8, 26.1) 5 4.9 (0.8, 30.5) 10 132.4 (63.7, 274.9) 7 45.4 (13.3, 155.1)

Allogeneic HCT Recipients

ZVHT 28 13.7 (6.6, 28.4) 26 2.7 (1.5, 4.9) 35 151.6 (106.6, 215.6) 24 139.3 (102.7, 189.0)
Placebo 7 4.0 (0.7, 22.2) 5 0.5 (0.5, 0.5) 9 201.4 (85.4, 474.9) 5 69.9 (19.9, 245.6)

Abbreviations: CI, confidence interval; ELISPOT, enzyme-linked immunospot; GMC, geometric mean concentrations; GMT, geometric mean titer; gpELISA,
glycoprotein enzyme-linked immunosorbent assay; HCT, hematopoietic stem-cell transplant; HIV, human immunodeficiency virus; IFN-γ, interferon-γ; n, no. of
persons contributing to analysis (with valid result at stated time point); STM, solid tumor malignancy; VZV, Varicella-zoster virus.

Table 6. PCR Results by Patient Group

Treatment Age (years) Rash Diagnosis
Onset in Days

Postvaccination (dose) Duration (days) Total Lesions PCR Results

STM patients
ZVHT 61 Rash varicelliform 8 (Dose 4) 8 26 to 175 Negative

ZVHT 35 Rash zosteriform 10 (Dose 1) 14 1 to 25 Negative

HM patients
ZVHT 67 Rash varicelliform 2 (Dose 1) 11 1 to 25 Negative

ZVHT 70 Rash varicelliform 14 (Dose 2) 24 1 to 50 Negative

ZVHT 70 Rash varicelliform 19 (Dose 2) 5 1 to 25 Negative
HIV-infected patients

ZVHT 48 Rash varicelliform 7 (Dose 1) 1 Results Not Available Sample Not Collected

ZVHT 40 Rash varicelliform 24 (Dose 1) 4 26 to 100 Sample Not Collected
ZVHT 43 Rash zosteriform 30 (Dose 1) 2 1 to 25 Sample Not Collected

Placebo 43 Herpes zoster 16 (Dose 4) 18 1 to 25 VZV-WT

Rash varicelliform 16 (Dose 4) 18 1 to 25 Sample Not Collected
Autologous HCT recipients

ZVHT 34 Herpes zoster 34 (Dose 3) 13 26 to 100 VZV-WT

ZVHT 48 Rash zosteriform 19 (Dose 1) 7 1 to 50 Sample Not Collected
Placebo 69 Herpes zoster 12 (Dose 2) 15 300 to 600 plus VZV-WT

Allogeneic HCT recipients

ZVHT 65 Rash zosteriform 31 (Dose 1) 18 1 to 25 Sample Not Collected

Abbreviations: HCT, hematopoietic stem-cell transplant;HM, hematologic malignancy; Negative, negative for VZV-WT, VZV-OKA, and HSV DNA; PCR, polymerase
chain reaction; STM, solid tumor malignancy.

No ZVHT recipient had rash positive for vaccine strain.
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Significant VZV-specific T-cell responses were elicited at 28
days post-dose 4 in autologous HCT recipients, whereas the re-
sponse elicited in allogeneic HCT recipients was poor. After
HCT, reconstitution of T cells may be derived from residual re-
cipient T cells that survived conditioning regimens, donor T
cells present in the graft, and stem cells that differentiate into T
cells in the recipient. Poor immunologic response to ZVHT in
the allogeneic stem cell population may be related to complete
or nearly complete ablation of VZV memory T cells during
conditioning for allogeneic HCT and slow reconstitution of im-
munologically competent T cells, which may take more than a
year following allogeneic transplant. [31–34]. Moreover, the
suppression of T-cell function is greater in allogeneic HCT
compared with autologous HCT due to prolonged use of graft-
versus-host-disease prophylaxis with immunosuppressant
agents; this may also contribute to the difference in immunoge-
nicity of study vaccine seen between these 2 groups.

The limitations of this study included a small sample size
and heterogeneous patient population and utilization of immu-
nogenicity measures that have not been used in immunocom-
promised patients in previous studies. Therefore, the
immunogenicity results for the HCT populations of this study
cannot be directly compared to the results of earlier proof-of-
concept trials that also assessed clinical efficacy [13, 14]. In ad-
dition, although both the IFN-γ ELISPOT and gpELISA have
been shown to correlate with the clinical efficacy of the live
zoster vaccine in healthy, older adults, these assays may not be
relevant markers of vaccine efficacy in immunocompromised
populations. Nonetheless, the results of this Phase I trial of
ZVHT in the immunocompromised populations examined in
this study suggest a favorable safety and immunogenicity
profile in certain immunocompromised populations, warrant-
ing further larger studies to evaluate the safety and efficacy of
ZVHT in selected populations.
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