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The vaccine Zostavax has been shown to prevent herpes zoster (HZ) and postherpetic neuralgia and is
recommended for individuals >60 years of age. This study compared the safety and the immunogenicity of a
refrigerator-stable formulation (Zostavax refrigerated) with those of the current formulation (Zostavax frozen)
in subjects >50 years of age. Subjects with a negative history for HZ were randomized 1:1 to receive one dose
of either formulation. Enrollment was stratified 1:2 by age (50 to 59 years and >60 years). Safety was evaluated
for 28 days postvaccination. Varicella-zoster virus (VZV) antibody responses were measured by a glycoprotein
enzyme-linked immunosorbent assay (gpELISA). The primary endpoints were the VZV antibody geometric
mean titer (GMT; day 28), the VZV antibody geometric mean rise (GMR; days 1 to 28), and the incidence of
vaccine-related serious adverse experiences (AEs) over 28 days. The refrigerated (n � 182) and frozen (n �
185) formulations induced similar GMTs (727.4 and 834.4 gpELISA units/ml, respectively); the estimated
GMT ratio (refrigerated formulation/frozen formulation) was 0.87 (95% confidence interval, 0.71 to 1.07). The
GMRs were 2.6- and 2.9-fold, respectively. No vaccine-related serious AEs were reported in either group, and
the safety profiles of the formulations were generally similar. The frequencies of injection-site AEs during
follow-up were 35.6% and 46.4% in the refrigerated and the frozen formulation groups, respectively, and were
generally mild. The frequencies of systemic AEs were similar in the two groups, and those of vaccine-related
AEs were �6% in both groups. The refrigerator-stable formulation of Zostavax has an acceptable safety profile
and is as immunogenic as the frozen formulation; thus, the vaccine may be used in clinical settings where
freezer availability is limited.

Herpes zoster (HZ), also known as shingles, is an often
serious condition associated with the reactivation of varicella-
zoster virus (VZV) in individuals who have been exposed to
the virus earlier in life (11, 12). After the initial infection,
which manifests clinically as chickenpox, VZV can become
latent and reside in the dorsal or cranial nerve ganglia. The
reactivation of VZV as HZ is usually characterized by a uni-
lateral, dermatomally distributed cutaneous rash.

The incidence of HZ in the general population has been
estimated to be between 0.3 and 0.4% annually in the United
States, Canada, and Europe (6, 9, 22, 37). The risk of devel-
oping HZ increases dramatically upon reaching 50 years of
age, and this risk subsequently increases to a rate that approx-
imates 1% per year by the age of 75 years (30, 31, 38). The
long-lasting pain associated with HZ, termed postherpetic neu-
ralgia (PHN), is the most common complication and cause of
morbidity from HZ in immunocompetent patients (12, 17, 29,
36). Worldwide, the lifetime risk of developing HZ has re-

cently been estimated to be close to 30% in the general pop-
ulation and can be as high as 50% in individuals who reach the
age of 85 years (9, 13, 18). Characterized by persistent pain
following the healing and subsequent disappearance of the HZ
rash, the frequency and severity of PHN increase with age and
may occur in as many as 25 to 50% of patients with HZ over
the age of 50 years (30, 31, 32, 33).

The use of antiviral agents has been shown to reduce the
severity and duration of acute HZ symptoms, as well as the du-
ration of PHN, but only if they are administered within the first
72 h after the onset of the rash; however, these agents provide
only minimal protection against the development of the debilitat-
ing PHN, which can persist for months or even years (10,
14, 16, 34).

The vaccine Zostavax was developed for the prevention of
HZ and its complications, especially HZ-associated pain and
PHN. Zostavax has been shown to decrease the frequency of
HZ and PHN in adults (19, 23, 27). In addition, vaccination
with Zostavax has been associated with a reduction of the
acute and chronic pain associated with HZ, via a mechanism
that probably involves boosting of the VZV-specific immune
response (19, 28). Zostavax was licensed for use in the United
States, European Union, and Australia in 2006. Recently, the
Advisory Committee on Immunization Practices of the U.S.
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Centers for Disease Control and Prevention recommended
Zostavax for universal vaccination of older adults in the United
States (3).

The currently marketed formulation of Zostavax (Zostavax
frozen), manufactured with a phosphate-gelatin-sucrose (PGS)
stabilizer, allows the distribution of the formulation only where
storage and cold-chain (freezer) temperatures can be main-
tained (2, 3, 8, 24). The development of a refrigerator-stable
formulation would therefore allow the use of Zostavax in ex-
panded clinical settings. The purpose of this study was to sup-
port the development of a refrigerator-stable formulation of
Zostavax with a confirmatory clinical trial with VZV antibody-
seropositive adults �50 years of age.

MATERIALS AND METHODS

Vaccine description. Zostavax (zoster vaccine live; Oka/Merck) is a single-
dose, sterile, lyophilized, preservative-free, live attenuated virus vaccine (23, 27)
manufactured by Merck & Co., Inc., West Point, PA. This study compared two
Zostavax formulations: a refrigerator-stable formulation with phosphate-gelatin-
sucrose-urea (PGSU) stabilizer and a frozen formulation with PGS stabilizer.
The formulations were visually indistinct, supplied in identical glass vials, and
shipped to the study sites frozen on dry ice. To maintain study blinding and
generally equivalent potencies between the formulations throughout the dura-
tion of the study, both formulations were stored at �15°C (�5°F) or colder until
they were reconstituted. Immediately preceding administration, both vaccines
were reconstituted with 0.7 ml of sterile diluent. Each subject received a single
�0.65-ml subcutaneous injection of either the refrigerated (PGSU) or the frozen
(PGS) formulation, each at a potency of approximately 50,000 PFU/dose. Con-
sistent with the intended storage and use of the PGSU- and PGS-containing
formulations, the study vaccines are referred to henceforth as the Zostavax
refrigerated and Zostavax frozen formulations, respectively.

Study design. This was a randomized, controlled, double-blind (with in-house
blinding), multicenter study conducted in the United States to evaluate the
safety, tolerability, and immunogenicity of the Zostavax refrigerated formulation
performed between July and October 2005. Varicella history-positive adults were
randomized in a 1:1 ratio to receive either the Zostavax refrigerated or the
Zostavax frozen formulation. Enrollment was stratified in a 1:2 ratio by age (50
to 59 years and �60 years) in order to acquire safety and immunogenicity data
with a broader age group of subjects. Vaccinations were administered on day 1.
All subjects were monitored for exposure to varicella or HZ or the development
of any varicella/varicella-like or HZ/HZ-like rashes, as well as any other adverse
experiences (AEs). Injection-site reactions, rashes, and other AEs were recorded
by each subject by the use of a vaccination report card (VRC) for 28 days
postvaccination.

Blood samples were obtained from all subjects immediately before vaccination
and at day 28 postvaccination and were assessed for VZV antibody titer by a
glycoprotein enzyme-linked immunosorbent assay (gpELISA) (25, 35). The
gpELISA is a validated, well-characterized assay that has successfully been used
to compare formulations and to demonstrate lot consistency in pediatric varicella
vaccine trials (4, 21, 25). In a substudy of the pivotal Shingles Prevention Study,
the immune response elicited by a dose of Zostavax was evaluated by using the
gpELISA and two cellular immunity assays (the gamma interferon enzyme-
linked immunospot assay and responder cell frequency) (19, 23). The statistical
analyses of the immunogenicity data in the substudy demonstrated that the
results obtained by all three assays correlated with vaccine-induced protection
against HZ; but the immune response measured by gpELISA, in terms of the
postvaccination geometric mean titer (GMT) and the geometric mean rise
(GMR) in the VZV antibody titer from the baseline to the period postvaccina-
tion, correlated best with protection against HZ (23). Therefore, this assay was
chosen as the optimal tool for immunologic bridging within and between clinical
studies of Zostavax, including a comparison of the VZV-specific immune re-
sponses to the two vaccine formulations evaluated in this clinical study.

Study population. Immunocompetent subjects 50 years of age and older with
a history of varicella or residence in a country where VZV infection is endemic
were eligible for the study. Subjects were excluded if they had a clinical history
of hypersensitivity or anaphylactic reactions to gelatin or neomycin, used any
form of nontopical antiviral therapy, had received a live vaccine within 4 weeks
prior to the study dose or an inactivated vaccine within 1 week prior to the study
dose, or another vaccination was planned before the subject was due to complete

the study. Study exclusions also included a history of HZ, pregnancy, or breast-
feeding; the plan to conceive within the duration of the study; known or sus-
pected immune dysfunction; and alcohol or other substance abuse that might
interfere with the evaluation required by the study.

Safety surveillance. The primary safety parameter of interest in the study was
the frequency of vaccine-related serious AEs. All subjects were monitored for 28
days after vaccination for general safety and tolerability. During this period,
subjects used a VRC to record AEs, such as fever, injection-site reactions, and
systemic AEs. Each subject was asked to report immediately to the study site any
varicella/varicella-like or HZ/HZ-like rashes and any serious AEs. The relation-
ship between each AE and the study vaccination was assessed by the study
investigator.

Immunogenicity measurements. The two coprimary hypotheses were that (i)
the GMT of VZV antibodies at 28 days postvaccination in subjects who received
the Zostavax refrigerated formulation would be noninferior to that in subjects
who received the Zostavax frozen formulation and that (ii) the Zostavax refrig-
erated formulation would induce an acceptable rise in the VZV antibody titers
from prevaccination to 28 days postvaccination. The coprimary endpoints were
the GMTs of VZV antibodies in both vaccination groups at 28 days postvacci-
nation and the GMR in VZV antibody titers from the baseline to the period
postvaccination among the recipients of the Zostavax refrigerated formulation.
The gpELISA methodology for measuring VZV antibody has been described
elsewhere (25, 35).

Statistical methods. The primary and secondary immunogenicity analyses
were based on the per protocol population. With 162 evaluable subjects (as
planned) in each vaccination group and an estimated standard deviation of 1.1
for the natural log of the VZV gpELISA antibody titer, the overall power to
claim that the study was a success with respect to the two primary immunoge-
nicity hypotheses was 91.2% (91.3% � 99.9%), assuming the independence of the
two primary hypothesis tests. The first coprimary hypothesis was tested by esti-
mating the GMT ratio (GMT of the Zostavax refrigerated formulation/GMT of
the Zostavax frozen formulation) and its 95% confidence interval (CI) by using
a longitudinal regression model with adjustment for the prevaccination antibody
titer, age, and study center. The statistical criterion for success on the noninfe-
riority hypothesis corresponded to a value for the lower bound of the two-sided
95% CI on the GMT ratio (GMT of the Zostavax refrigerated formulation/GMT
of the Zostavax frozen formulation) of �0.67. The second coprimary hypothesis
was tested by estimating the GMR in the Zostavax refrigerated group from
prevaccination to day 28 postvaccination. The statistical criterion for success on
the acceptability hypothesis corresponded to a value for the lower bound of the
two-sided 95% CI on the GMR of �1.2-fold. The point estimate and its 95% CI
were calculated by use of a t distribution. The secondary immunogenicity hy-
pothesis was tested by estimating the GMR in the Zostavax frozen formulation
group from prevaccination to day 28 postvaccination.

RESULTS

Subject characteristics and accounting. A total of 368 sub-
jects were enrolled and randomized in the study, and 367
subjects were vaccinated; the data for 1 subject, who withdrew
consent prior to the day 1 blood draw and who was not vacci-
nated, are not included in any of the following data analyses.
Five additional subjects were screened but not randomized.

Table 1 provides details of the subject demographics across
the two vaccination groups. The Zostavax refrigerated and
Zostavax frozen groups were similar with regard to gender
(female subjects represented 53% and 57% of the enrollment
in the two groups, respectively) and mean age (63.4 and 63.2
years, respectively). In addition, the distributions of the sub-
jects according to age (50 to 59, 60 to 69, and �70 years of age)
and race were similar between the two groups.

Figure 1 illustrates an accounting of all subjects vaccinated in
the study. A subject was considered to have completed the study
if the subject received the study vaccine, completed the scheduled
blood draws, and returned a completed VRC at the day 29 post-
vaccination visit. By the use of these criteria, 361 of the 368
subjects (98.1%) were considered to have completed the study.
Among the seven subjects who discontinued the study, no safety
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follow-up was obtained for two subjects in each vaccination
group. These subjects were excluded from all safety analyses. Two
additional subjects withdrew their consent after vaccination. The
numbers and percentages of subjects who discontinued the study
and the reasons for discontinuation were generally similar be-
tween the two vaccination groups.

Safety and tolerability. Table 2 provides a summary of the
numbers and the percentages of clinical AEs reported from
day 1 to day 28 postvaccination. One serious AE was reported
in the study: a case of gastroenteritis in the Zostavax refriger-
ated group, which was determined by the investigator to be
definitely not related to the study vaccine. In general, clinical
AEs were reported at a lower rate by the recipients of the
Zostavax refrigerated formulation than by the recipients of the
Zostavax frozen formulation. The majority of both injection-
site AEs and systemic AEs were rated by the subjects as mild
in intensity. The most frequently reported injection-site AEs
(�10% in both vaccination groups) were erythema, pain, and
swelling, all of which were reported at lower frequencies by
subjects who received the Zostavax refrigerated formulation.
The incidences of systemic clinical AEs were similar in both
vaccination groups, with �6% determined to be vaccine re-
lated in either vaccination group. One non-injection-site vari-
cella-like rash with three lesions was reported by one subject in
the Zostavax refrigerated group. No subject discontinued the
study due to an AE.

TABLE 1. Subject population demographics

Characteristic

No. (%) of subjects

Refrigerated formulation
group

(n � 182)

Frozen formulation
group

(n � 185)

Gender
Male 85 (46.7) 79 (42.7)
Female 97 (53.3) 106 (57.3)

Age (yr)a

50 to 59 66 (36.3) 69 (37.3)
60 to 69 69 (37.9) 71 (38.4)
�70 47 (25.8) 45 (24.3)

Race
Caucasian 124 (68.1) 126 (68.1)
Hispanic 30 (16.5) 34 (18.4)
African American 19 (10.4) 15 (8.1)
Asian/Pacific Islander 6 (3.3) 6 (3.2)
Otherb 3 (0.8) 4 (0.1)

a For the refrigerated formulation group, the mean age � standard deviation
was 63.4 � 9.2 years (median age, 62 years; age range, 50 to 88 years). For the
frozen formulation group, the mean age � standard deviation was 63.2 � 8.4
years (median age, 63 years; age range, 50 to 85 years).

b Native American, Indian, African, or multiracial.

FIG. 1. Subject accounting.
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Immunogenicity. Table 3 presents the VZV antibody re-
sponse for each age stratum and for the two strata combined,
by vaccination group. For both age strata, the GMT increased
substantially from prevaccination to day 28 postvaccination in
both the Zostavax refrigerated and the Zostavax frozen for-
mulation vaccination groups (GMRs, 2.6- and 2.9-fold for the
two formulations, respectively, for the age groups combined).
A statistical analysis for the comparison of the VZV antibody
titers in both vaccination groups at day 28 postvaccination is as
follows. By use of the GMT as the endpoint, the estimated
GMTs for the Zostavax refrigerated group (n � 182) and the
Zostavax frozen group (n � 185) were 727 and 834, respec-

tively. The estimated GMT ratio (Zostavax refrigerated for-
mulation/Zostavax frozen formulation) was 0.87 (95% CI, 0.71
to 1.07; P � 0.005), which meets the prespecified criterion that
the VZV antibody response induced by the Zostavax refriger-
ated formulation is similar to that observed with the Zostavax
frozen formulation. The estimated responses, GMT ratios,
95% CIs, and one-sided P value for the testing of noninferi-
ority (GMT ratio [refrigerated formulation/frozen formula-
tion], �0.67) were computed on the basis of a longitudinal
regression model adjusted for prevaccination VZV antibody
titers, age (years), and study center. The P value for the testing
of the treatment-by-age-stratum interaction was 0.496. The P
value for the testing of the treatment-by-center interaction was
0.656. A lower bound of the 95% CI on the difference (GMT
ratio) that excludes a 1.5-fold decrease implies that the differ-
ence is statistically significantly less than the prespecified clin-
ically relevant decrease of 1.5-fold and allows a conclusion of
similarity (noninferiority). The P value for the testing of non-
inferiority (�0.025) also supports this conclusion.

The results of the acceptability analysis performed on the
basis of the VZV antibody responses in the Zostavax refriger-
ated and the Zostavax frozen vaccination groups at day 28
postvaccination are as follows. By use of the GMR as the
endpoint, the estimated GMRs of the VZV antibody response
for the Zostavax refrigerated group (n � 174) and the Zos-
tavax frozen group (n � 177) were 2.6-fold (95% CI, 2.2- to
3.0-fold; P � 0.001) and 2.9-fold (95% CI, 2.4- to 3.4-fold; P �
0.001), respectively. The one-sided P value for the testing of
the acceptability for GMR (�1.2-fold) was computed on the
basis of the t test. The 95% CIs were also computed on the
basis of the t distribution. Since the lower bound of the 95% CI
was �1.2 in each case and the one-sided P value for the testing
of the acceptability hypothesis (GMR, �1.2-fold) was �0.025
for both vaccination groups, the VZV antibody responses in-
duced by both Zostavax formulations were found to be accept-
able.

Figure 2 shows the reverse cumulative distribution of the
VZV-specific antibody titer at day 1 and day 28 for each vac-
cination group. The data presented in Fig. 2 are consistent with
the results of the noninferiority analysis described above, in-
dicating that the Zostavax refrigerated formulation induced a
response in VZV antibodies at 28 days postvaccination similar
to that of the Zostavax frozen formulation.

TABLE 2. AEs following one dose of either the Zostavax frozen or
the Zostavax refrigerated formulation, day 1 to day

28 postvaccination

Group

No. (%) of subjectsa

Refrigerated
group

(n � 182)

Frozen
group

(n � 185)

All subjects 182 185

Subjects with follow-up 180 (98.9) 183 (98.9)

Subjects with one or more AEs 82 (45.6) 101 (55.2)
Injection-site AEsb,c 64 (35.6) 85 (46.4)
Systemic AEs 34 (18.9) 39 (21.3)

Subjects with vaccine-related AEsc 68 (37.8) 87 (47.5)
Injection-site AEsc 64 (35.6) 85 (46.4)
Systemic AEsc 10 (5.6) 11 (6.0)

Subjects with serious AEs 1 (0.6) 0 (0.0)
Vaccine-related serious AEs 0 (0.0) 0 (0.0)
Death 0 (0.0) 0 (0.0)

Subjects who discontinued due to
any AE

0 (0.0) 0 (0.0)

Subjects who discontinued due to
a vaccine-related AE

0 (0.0) 0 (0.0)

a The same subject may appear in different categories but is counted only once
in each category.

b All injection-site AEs were considered vaccine related.
c Determined by the investigator to be possibly, probably, or definitely related

to the vaccine.

TABLE 3. VZV-specific antibody titer by age stratum and vaccination group (per protocol population)

Age group
(yr)

Time
point

Refrigerated formulation group (n � 182) Frozen formulation group (n � 185)

No. of
subjects

Geometric mean
endpoint titera

(95% CI)

Median (range)
geometric mean
endpoint titer

Geometric mean
fold rise from

day 1 (95% CI)

No. of
subjects

Geometric mean
endpoint titer

(95% CI)

Median (range)
geometric mean
endpoint titer

Geometric mean
fold rise from

day 1 (95% CI)

50–59 Day 1 65 244 (179, 331) 214 (21, 8,606) 68 234 (181, 302) 216 (26, 2,166)
Wk 4 62 731 (542, 987) 779 (43, 21,284) 66 763 (553, 1,051) 976 (44, 25,748)
Wk 4 61 3.1 (2.3, 4.2) 65 3.3 (2.5, 4.3)

�60 Day 1 115 302 (242, 377) 252 (24, 19,371) 116 328 (264, 406) 268 (35, 28,546)
Wk 4 114 710 (580, 870) 773 (68, 38,606) 112 897 (719, 1,121) 988 (82, 36,807)
Wk 4 113 2.3 (1.9, 2.8) 112 2.7 (2.2, 3.3)

Combined Day 1 180 279 (234, 334) 244 (21, 19,371) 184 289 (245, 341) 256 (26, 28,546)
Wk 4 176 717 (607, 848) 773 (43, 38,606) 178 845 (704, 1,014) 979 (44, 36,807)
Wk 4 174 2.6 (2.2, 3.0) 177 2.9 (2.4, 3.4)

a The endpoint titers are expressed as gpELISA units/ml.
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DISCUSSION

A zoster vaccine has been developed and licensed for the
prevention of HZ and its complications, especially HZ-associ-
ated pain and PHN (11, 12, 23). However, the initial zoster
vaccine formulation, manufactured with the PGS stabilizer
(the Zostavax frozen formulation) and stored at �15°C, allows
the distribution of the formulation only where freezer storage
can be maintained (2, 3, 4, 24). The development of a refrig-
erator-stable formulation of the vaccine would enable the use
of Zostavax in expanded clinical settings. Therefore, this study
evaluated a refrigerator-stable formulation of Zostavax (which
uses the PGSU stabilizer) in VZV antibody-seropositive
adults.

Two other Oka/Merck varicella vaccines, Varivax and Pro-
Quad, were also initially developed with the PGS stabilizer and
were subsequently evaluated in similarly designed bridging
studies and compared with the refrigerator-stable, PGSU for-
mulations (1, 21). The bridging studies for these pediatric
vaccines confirmed that the safety and immunogenicity profiles
of the PGS- and PGSU-based formulations were comparable.
The refrigerator-stable formulations of Varivax and ProQuad
have subsequently been licensed in more than 26 countries (5,
7, 26). All three vaccines are formulated to deliver a particular
minimum potency at expiry, according to the package circular
(in the case of Zostavax, the minimum is 19,400 PFU per
dose).

The safety hypothesis for the current study was whether the

safety and tolerability of the Zostavax refrigerated and Zos-
tavax frozen formulations were similar. Overall, injection-site
AEs were reported by a lower proportion of subjects who
received the Zostavax refrigerated formulation than by those
who received the Zostavax frozen formulation, and as a con-
sequence, the overall rate of vaccine-related AEs was lower in
the Zostavax refrigerated vaccination group than in the Zos-
tavax frozen vaccination group. No differences in the reported
frequencies of vaccine-related systemic AEs were observed
between the two formulations. Therefore, the safety and tol-
erability of the Zostavax refrigerated formulation appear to be
similar to those observed for the Zostavax frozen formulation.

The GMTs of the VZV-specific antibody responses induced
by these two vaccine formulations were found to be similar in
adults 50 to 59 years of age, as well as in those �60 years of
age, when they were measured by the gpELISA at 28 days
postvaccination. Interestingly, in this study, the GMT at the
baseline for the cohort of subjects 50 to 59 years of age was
numerically lower than that seen for the cohort of subjects �60
years of age. The baseline titers were generally similar between
these age groups in another study that evaluated the use of
Zostavax concomitantly with influenza vaccine (15) and also
between subjects 60 to 69 and �70 years of age in the pivotal
efficacy study (20). The age-based trend seen in the current
study appears to be attributable to the lower baseline titers in
younger Hispanic subjects, a trend which was not observed in
black or white subjects (data not shown). The antibody re-

FIG. 2. Reverse cumulative distribution of VZV-specific antibody titers at prevaccination and 4 weeks postvaccination by vaccination
group.
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sponses in both age strata were robust for each formulation
and were comparable to those observed in other studies of the
frozen formulation. In addition, this study found that the an-
tibody responses to both the Zostavax refrigerated and the
Zostavax frozen formulations were acceptable, based on a pre-
specified criterion for success. Together, these data indicate
that the immunogenicities of the Zostavax refrigerator-stable
and frozen formulations are similar. On the basis of the results
from this study and the study of the concomitant use of Zos-
tavax with the influenza vaccine (15), Zostavax is now licensed
for use starting at 50 years of age in Australia, Switzerland, and
the European Union.

Thus, the use of a PGSU-stabilized formulation has no det-
rimental effect on the safety or immunogenicity profile of Zos-
tavax. The availability of a refrigerator-stable formulation of
Zostavax will allow the use of this important vaccine in ex-
panded clinical settings where freezer availability is limited.
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