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Immunogenicity and Safety of the Adjuvanted Recombinant
Zoster Vaccine in Patients With Solid Tumors, Vaccinated Before
or During Chemotherapy: A Randomized Trial
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BACKGROUND: The adjuvanted recombinant zoster vaccine (RZV) has demonstrated >90% efficacy against herpes zoster in adults
>50 years of age and 68% efficacy in autologous hematopoietic stem cell transplant recipients >18 years of age. We report the
immunogenicity and safety of RZV administered to patients with solid tumors (STs) before or at the start of a chemotherapy cycle.
METHOD: In this phase 2/3 observer-blind, multicenter study (NCTO1798056), patients with STs who were >18 years of age were
randomized (1:1) to receive 2 doses of RZV or placebo 1-2 months apart and stratified (4:1) according to the timing of the first dose
with respect to the start of a chemotherapy cycle (first vaccination 8-30 days before the start or at the start [+1 day] of a chemo-
therapy cycle). Anti-glycoprotein E (gE) antibody concentrations, gE-specific CD4" T cell frequencies, and vaccine response rates
(VRRs) were assessed 1 month after dose 1and 1 and 12 months after dose 2. Reactogenicity and safety were assessed in the total
vaccinated cohort through 12 months after dose 2. RESULTS: There were 232 participants in the total vaccinated cohort, 185 partici-
pants in the according-to-protocol cohort for humoral immunogenicity, and 58 participants in the according-to-protocol cohort for
cell-mediated immunogenicity. Postvaccination anti-gE antibody concentrations, gE-specific CD4" T cell frequencies and VRRs were
higher in RZV recipients than in placebo recipients. Solicited adverse events (AEs) were more frequent among RZV recipients than
placebo recipients. Incidence of unsolicited AEs, serious AEs, fatalities, and potential immune-mediated diseases were similar be-
tween RZV and placebo recipients. CONCLUSION: RZV was immunogenic in patients with STs receiving immunosuppressive chemo-
therapies. Humoral and cell-mediated immune responses persisted 1 year after vaccination. No safety concerns were identified.
Cancer 2019;125:1301-1312. © 2019 The Authors. Cancer published by Wiley Periodicals, Inc. on behalf of American Cancer Society.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use,
distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.
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INTRODUCTION
Most adults worldwide show serological evidence of previous varicella zoster virus (VZV) infection.! Reactivation of
latent VZV leads to herpes zoster (HZ), a usually painful, unilateral, vesicular dermatomal rash. The most common
complication of HZ is postherpetic neuralgia; a chronic pain that can last for months or even years after the rash has
resolved.*”

Although age is the risk factor most commonly associated with developing HZ, an increased incidence of HZ
has also been associated with immunosuppression induced by certain diseases and/or immunosuppressive treatment.
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Such conditions include solid tumors (STs), hematologic
malignancies (ie, lymphoma), iatrogenic immunosup-
pression, human immunodeficiency virus (HIV) infec-
tion, and certain autoimmune diseases.** The incidence
rate of HZ in individuals with STs receiving immunosup-
pressive chemotherapy is estimated to be 3-4 times higher
(12/1000 person—years)11 than in the overall population
(3.2/1000 person-years).'> Additionally, HZ episodes in
immunocompromised people can be atypical (dissemi-
nated, multidermatomal, involve additional organs), more
severe, and/or longer. This leads to increased morbidity in
patients already bearing a high disease burden from the
underlying malignancy and its treatment. The increased
incidence and severity of HZ in these populations is likely
due to suppression of their cellular immunity through
radiation and/or immunosuppressive chemotherapy.

Due to the increased incidence and severity of com-
mon infectious diseases in oncology patients receiving
immunosuppressive agents, vaccination against the causal
pathogens has been increasingly encouraged. However,
several questions remain on the optimal timing and dos-

age of vaccines to maximize benefit for these patients.'>!”

A live-attenuated VZV vaccine (ZVL [Zostavax,
Merck Sharp & Dohme])'® and an adjuvanted recombi-
nant zoster vaccine (RZV [Shingrix, GSK)™ are licensed
for the prevention of HZ in adults 250 years of age. In
contrast to RZV, ZVL is contraindicated in persons with
immunodeficiency or immunosuppression due to disease
or immunosuppressive therapy as live-virus vaccines can
cause severe or fatal reactions in immunosuppressed persons
due to uncontrolled replication of the vaccine virus.'***

A candidate inactivated zoster vaccine (ZViy)
evaluated in immunocompromised adults and adult
autologous hematopoietic stem cell transplant (HSCT)
recipients has been shown to be generally safe and im-
munogenic when administered in a 4-dose schedule over
4 months.”*?® In the autologous HSCT recipients, the
candidate ZV | vaccine was 64% efficacious in prevent-
ing confirmed cases of HZ.*

RZV is a vaccine consisting of the truncated form
of VZV glycoprotein E (gE) and the ASO1; adjuvant
system and is licensed as a 2-dose schedule in adults
>50 years of age."” In phase 3 clinical studies in immuno-
compromised adults, this 2-dose schedule was completed
in 1-2 months.”® In adults >50 years of age, RZV elic-
ited robust humoral and cell-mediated immune responses
and was >90% efficacious against HZ.”?" In addition,
RZV was highly immunogenic and well tolerated in
autologous HSCT recipients 218 years of age and
HIV-infected adults >18 years of age.”>* In autologous
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HSCT recipients, RZV was 68% efficacious in preventing
HZ.*® In this study, we evaluated the immunogenicity
and safety of RZV administered before or at the start of a
chemotherapy cycle in adults 218 years of age with STs.

PATIENTS AND METHODS

Study Design

This was a phase 2/3 observer-blind, randomized,
placebo-controlled, multicenter, multicountry study
conducted in Canada, the Czech Republic, France, the
Republic of Korea, Spain, and the United Kingdom
between March 2013 and May 2016.

Patients with STs were randomized (1:1) using a
web-based central randomization system (SBIR, GSK) to
receive 2 doses of RZV or placebo 1-2 months apart at
visits designated M0 and M1. RZV/placebo compositions
are described in the Supporting Information. Participants
were stratified (4:1) according to the timing of the first
RZV or placebo dose with respect to the start of the first
(or occasionally second) cycle of a chemotherapy course:
first vaccination 8-30 days before the start of a cycle
(RZV-PreChemo, Placebo-PreChemo) or first vaccina-
tion within 1 day of the start of a cycle (RZV-OnChemo,
Placebo-OnChemo) (Fig. 1). Participants received their
second vaccination with a subsequent chemotherapy
cycle. The overall ratio of these 4 study groups—
RZV-PreChemo, Placebo-PreChemo, RZV-OnChemo,
and Placebo-OnChemo—was 4:4:1:1. The randomiza-
tion algorithm used a minimization procedure accounting
for age (18-49 years and =50 years), study site, country,
and sex. The first vaccination at MO (visit 1) was pre-
ceded by a mandatory prevaccination visit that took place
within 30 days before visit 1 or on the same day as visit 1.

The study protocol was reviewed and approved by
national or regional independent ethics committees or
institutional review boards. The study was conducted in
accordance with the Declaration of Helsinki and the prin-
ciples of good clinical practice. The study is registered on
Clinical Trials.gov (NCT01798056). Anonymized individ-
ual participant data and study documents can be requested
for further research at www.clinicalstudydatarequest.com.

Study Participants

Patients 218 years of age who had been diagnosed with
1 or more STs were considered eligible for participation
if they were receiving or scheduled to receive cytotoxic
or immunosuppressive chemotherapy. Detailed inclu-
sion/exclusion criteria are presented in the Supporting
Information.
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Figure 1. Study design for participants receiving the adjuvanted recombinant zoster vaccine (RZV). RZV or placebo was
administered in the deltoid muscle of the nondominant arm unless clinically contraindicated (eg, previous surgical resection of
the axillary lymph nodes of the nondominant arm as part of solid tumor management). Syringes represent vaccinations (RZV
or placebo doses 1 and 2), test tubes represent blood sampling, and phones represent phone contact. Prevaccination (PRE-
VAC) visit occurred at or within 30 days before the day of visit 1. Visit 1 occurred 8-30 days before the start of a chemotherapy
cycle (RZV-PreChemo, Placebo-PreChemo) or at the start of a chemotherapy cycle (RZV-OnChemo, Placebo-OnChemo). Visit
2 occurred 1-2 months after the first vaccination and at the first day (allowing a window of +1 day) of a subsequent cycle of
chemotherapy. Visit 3 occurred approximately T month after the second vaccination. Visit 4 occurred within months 4-13 (at least
2 months after visit 3) at the start of the last cycle of chemotherapy and coincided with the patient’s lowest immune status. Visit
4 could replace month 5 or month 9 phone contacts (in case it coincided with the timing of these) or could coincide with Visit 5
(if the last chemotherapy cycle occurred at month 13). M indicates month.

Written informed consent was obtained from all [oral/axillary/tympanic temperature 237.5°C], headache,
patients before randomization. fatigue, gastrointestinal symptoms [nausea, vomiting,

diarrhea and/or abdominal pain], myalgia and shivering).
Assessments

Assessment of immunogenicity
Humoral immune responses were evaluated by meas-

All AEs (except fever) were graded on a scale from 1 (mild)
to 3 (severe as defined in the Supporting Information).

. . . . 31 All solicited local AEs were considered causally
uring the anti-gE antibody concentration” from blood . .

. ) ) related to vaccination. The causality of all octher AEs was

samples collected at visits 1-5 from all patients (Fig. 1). . .

. _ . assessed by the investigator.

Cell-mediated immunogenicity (CMI) was evaluated . . .

. Serious AEs (SAEs), potential immune-mediated

from blood samples collected at visits 1-3, and 5 from . _ . . .

. . diseases, and intercurrent medical conditions (clinical

a CMI subcohort, by measuring the frequencies of

gE-specific CD4[2+] T cells’! (CD4" T cells express-
ing at least 2 of the following 4 activation markers:

events during the course of the study that confounded
the interpretation of the immunologic assessments,
such as HZ, protein losing enteropathy, proteinuria, or

interferon-v, interleukin-2, tumor necrosis factor o, and . > .
cachexia) were reported during the entire study. Suspected

CD40 ligand). HZ cases, as based on investigator clinical judgment, and
Assessment of safety HZ complications were recorded during the entire study
Diary cards were provided to participants to record as AEs or SAEs, as appropriate.

solicited adverse events (AEs) for 7 days (D0-D6) and

unsolicited AEs for 30 days (D0-D29) after each vac- Outcomes

cination. Solicited AEs were recorded as local (injec- Study objectives and their success criteria are summa-
tion site pain, redness, and swelling) or systemic (fever rized in Figure 2. Using a hierarchical procedure, the
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Primary objectives

Objective |

Success criterion

To compare anti-gE humoral immune responses at M2
between the RZV-PreChemo and Placebo-PreChemo
groups

95% CI LL of the GM ratio (RZV-PreChemo over
Placebo-PreChemo) for anti-gE ELISA
concentrations at M2 is >3

Objective Il

Success criterion

To evaluate the safety and reactogenicity following RZV
versus placebo administration, up to 30 days post last
vaccination, in all groups

Descriptive

Secondary objectives

Figure 2. Objectives of the study. In both the PreChemo (first vaccination 8-30 days before the start of a chemotherapy cycle)
and OnChemo (first vaccination at the start of a chemotherapy cycle) strata, the second vaccination took place 1-2 months after
the first vaccination and at the first day (allowing a window of +1 day) of a subsequent cycle of chemotherapy. Cl, confidence
interval; CMI, cell-mediated immunogenicity; ELISA, enzyme-linked immunosorbent assay; gk, glycoprotein E; GM, geometric

Objective Il

Success criterion

To evaluate the anti-gE humoral VRR to RZV at M2 in the
PreChemo stratum

95% CI LL of the VRR for anti-gE ELISA
concentrations at M2 is 260% in the RZV-
PreChemo group

Objective IV

Success criterion

To compare the gE-specific CD4+ T-cell-mediated immune
responses at M2 between the RZV-PreChemo and
Placebo-PreChemo groups (CMI sub-cohort)

95% CI LL of the GM ratio (RZV-PreChemo over
Placebo-PreChemo) of gE-specific CD4[2+] T-cell
frequencies at M2 is >1

Objective V

To evaluate the VRR in terms of gE-specific CD4+ cell-
mediated immune responses at M2, in the PreChemo
stratum (CMI sub-cohort)

Success criterion

95% CI LL of the VRR for gE-specific CD4[2+] T-
cell frequencies at M2 in the RZV-PreChemo group
is 250%.

Objective VI

Success criterion

To compare anti-gE humoral immune responses at M2
between RZV and Placebo arms (all strata)

95% CI LL of the GM ratio of adjusted anti-gE
ELISA antibody concentrations (RZV over Placebo)
at M2 is >3.

Objective VII

Success criterion

To evaluate the VRR in terms of anti-gE humoral immune
responses at M2 in all participants receiving RZV

95% CI LL of the VRR for anti-gE ELISA
concentrations at M2 is 260% in all participants
receiving RZV

Objective VIII

Success criterion

To evaluate safety following administration of the RZV
vaccine versus placebo from 30 days post last vaccination
until study end (all groups)

Descriptive

Objective IX

Success criterion

To characterize anti-gE humoral immune responses at

MO, M1, M2, M6 and M13 within the RZV and Placebo Descriptive
arms
Objective X Success criterion

To characterize the gE-specific CD4+ T-cell-mediated
immune responses at MO, M1, M2, and M13 within the RZV-
PreChemo and Placebo-PreChemo groups (CMI sub-cohort)

Descriptive

mean; LL, lower limit; M, study month; RZV, recombinant zoster vaccine; VRR, vaccine response rate.
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confirmatory objectives were assessed sequentially in
ascending order until an objective was not met, and the
remaining objectives were analyzed descriptively.

Statistical Analyses
The analysis of reactogenicity and safety was performed
on the total vaccinated cohort, which included partici-
pants who received at least 1 vaccine dose. The analysis
of humoral immunogenicity during the vaccination (up
to M2) and at persistence phases (up to M13) were per-
formed on the applicable according-to-protocol cohorts
and included all participants from the PreChemo and
OnChemo strata who complied with the protocol-spec-
ified procedures and for whom data were available. The
analysis of gE-specific CMI during the vaccination and
persistence phases were performed within the applicable
according-to-protocol cohorts of the CMI subcohorrt,
which includes randomly selected patients from the
PreChemo stratum of selected sites with access to a
GSK-validated peripheral blood mononuclear cells
processing facility.

Detailed statistical considerations for the assessment
of immunogenicity, as well as sample size considerations,
are described in the Supporting Information.

RESULTS

Study Participants

A total of 262 (RZV, n = 130; placebo, n = 132) patients
with STs were enrolled and randomized to 1 of the study
groups. Of these, 232 (RZV, n = 117; placebo, n = 115)
received at least 1 dose, 209 (RZV, n = 102; placebo,
n =107) completed the vaccination phase of the study
up to M2, and 180 (RZV, n = 90; placebo, n = 90) com-
pleted the study up to the end of the persistence phase
at M13 (Fig. 3). Demographic characteristics were com-
parable between study arms. Among RZV and placebo
recipients, respectively, 59.8% and 60.0% were women,
and the mean ages of participants included in the total
vaccinated cohort were 57.1 and 58.5 years at first vac-
cination. The most common diagnoses were breast can-
cer (45.3% and 45.2%) and colorectal cancer (21.4%
and 19.1%) in the RZV and placebo arms, respectively
(Table 1).

Immunogenicity Results

Before vaccination, >99% of participants were seropos-
itive for anti-gE antibody (data not shown). The anti-
gE antibody geometric mean concentrations (GMCs)
ranged between 868.2 and 1185.4 mIU/mL across the
4 study groups (Fig. 4A). In placebo recipients, there
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was no significant change in GMC after vaccination.
At M6, a single placebo recipient (2.4% [95% confi-
dence interval [CI] 0.1%-12.6%]) who did not report
clinical symptoms of HZ met the definition of vaccine
response. No other placebo recipients met the criterion
for humoral response at any time point (Fig. 4A,B).

At M1, in pooled RZV recipients, the GMC was
24793.1 mIU/mL; both GMCs and humoral vaccine
response rates (VRRs) were higher in RZV-PreChemo
than in the RZV-OnChemo group (Fig. 4A,B).

At M2, the adjusted GMC ratio (RZV over pla-
cebo) was 23.2 (95% CI, 17.9-30.0; P < .0001) in the
PreChemo stratum; therefore, the first study objec-
tive was met. When pooling both the PreChemo and
OnChemo strata, the adjusted GMC ratio (RZV over
placebo) was 14.4 (95% CI, 10.7-19.5; P <.0001). In
pooled RZYV recipients, the M2 GMC was 18291.7 mIU/
mL and remained higher in the RZV-PreChemo group
than in the RZV-OnChemo group (Fig. 4A). The hu-
moral VRR to RZV was 93.8% (95% ClI, 85.0%-98.3%)
at M2 in the RZV-PreChemo group; therefore, the third
study objective was met. The humoral VRR was higher in
the RZV-PreChemo group than in the RZV-OnChemo
group (Fig. 4B).

At M13, the GMC was 4477.3 mIU/mL in pooled
RZV recipients; both GMCs and humoral VRRs were
similar in the RZV-PreChemo group and RZV-OnChemo
group (Fig. 4A,B).

In RZV recipients 250 years of age, GMCs tended
to be higher at M2, M6, and M13 than in those 18-49
years of age, while humoral VRR tended to be higher
only at M6 and M13 (Supporting Fig. S1).

Before vaccination, median CD4[2+] T cell frequen-
cies were 127.3 and 104.8 in RZV and placebo recipients,
respectively; no increases were observed in placebo recipi-
ents at any time point (Fig. 4C).

At M2, the GM ratio of adjusted gE-specific
CD4[2+] T cell frequencies (RZV over placebo) was 9.94
(95% CI, 3.63-27.19; P < .0001) in the CMI subcohort;
therefore, the fourth study objective regarding gE-spe-
cific CMI responses was met. Also at M2, the CMI VRR
was 50.0% (95% CI, 28.2%-71.8%) in RZV recipients;
therefore, the fifth study objective, which required a
CMI VRR lower limit (LL) 95% CI threshold of 50%,
was not met. Hence, this and all subsequent confirma-
tory objectives of the study were considered descriptive.
Among placebo recipients, there were no responders at
any time point (Fig. 4D).

In RZV recipients, the highest median CD4[2+]
T cell frequency was observed at M2 (778.8), which
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Enrolled and RZV-PreChemo Placebo-PreChemo RZV-OnChemo Placebo-OnChemo
randomized n=103 n=108 n=27 n=24
— VISIT 1 (TVC) n =90 n=91 n=27 n=24 —
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2 Withdrawn due to SAE
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1 Consent withdrawal
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n=281 n=21
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immunogenicity
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ATP for humoral =51 | — -
| ]
ATP _forCMI n=20 =20
per e

Figure 3. Participant flow. In both the PreChemo (first vaccination 8-30 days before the start of a chemotherapy cycle) and
OnChemo (first vaccination at the start of a chemotherapy cycle) strata, the second vaccination took place 1-2 months after the
first vaccination and at the first day (allowing a window of +1 day) of a subsequent cycle of chemotherapy. Some participants
who were randomized to the PreChemo stratum and were required to wait 8-30 days after vaccination before they could start
chemotherapy chose to withdraw so as to proceed to chemotherapy immediately. ATP, according-to-protocol; CMI, cell-mediated
immunogenicity; M, month; n, number of patients attending a visit; pIMD, potential immune-mediated disease; RZV, recombinant
zoster vaccine; SAE, serious adverse event; TVC, total vaccinated cohort.
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TABLE 1. Summary of Demographic and Disease
Characteristics (Total Vaccinated Cohort)

RzvV Placebo

Characteristics (N=117) (N =115)
Age at visit 1, y, mean = SD 571 £10.8 58.5+11.7
Age group, n (%)

18-49y 31 (26.5) 30 (26.1)

>50y 86 (73.5) 85 (73.9)
Sex, n (%)

Men 47 (40.2) 46 (40.0)

Women 70 (59.8) 69 (60.0)
Geographic ancestry, n (%)

African heritage/African American 2(1.9 2(1.9

American Indian/Alaskan native 2(1.9) 0(0.0)

Asian: East Asian heritage 11 (10.2) 14 (18.1)

Asian: Southeast Asian heritage 0(0.0) 2(1.9)

White: Arabic/North African heritage 1(0.9 0 (0.0)

White: Caucasian/European heritage 92 (85.2) 88 (82.2)

Other 0 (0.0) 1(0.9)

Missing? 9(—) 8 (—)
Solid tumor diagnosis, n (%)

Breast 53 (45.3) 52 (45.2)

Colorectal 25 (21.4) 22 (19.1)

Lung 8(6.8) 13 (11.3)

Prostate 5(4.3) 4(3.5)

Bladder 1(0.9) 4 (3.5)

Pancreas 1(0.9 1(0.9

Melanoma 1(0.9) 0(0)

Other® 23(19.7) 19 (16.5)
ECOG performance status, n (%)

0: Fully active 95 (83.3) 86 (74.8)

1: Restricted in physically strenuous 18 (15.8) 28 (24.3)

activity
2: Ambulatory and capable of all 1(0.9) 1(0.9)
self-care
Missing 3(—) 0(—)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; N, total
number of participants; RZV, adjuvanted recombinant zoster vaccine; SD,
standard deviation.

2Missing geographic ancestry information in compliance with local laws
preventing the collection of these data.

®Includes gastric, endometrial, ovarian, head and neck, larynx, mouth,
sinus, tonsil, liposarcoma mixoid, liver, oesophageal, renal, sarcoma, stom-
ach, testicular embryonic carcinoma, thyroid, tongue, cervix, urothelial,
and uterine leiomyosarcoma.

persisted above baseline up to M13 (332.9), a level simi-
lar to that observed at M1 (391.9). CMI VRRs followed a
similar pattern, with the highest VRR at M2 (Fig. 4C,D).

CD4[2+] T cell frequencies were in similar ranges
in RZV recipients 18-49 and =50 years of age, whereas
CMI VRRs tended to be higher in those 18-49 years
of age at all postvaccination time points (Supporting
Fig. S2).

Safety Results

Atleast 1 solicited local symptom (any grade) was reported
by 94 (83.9%) RZV and 7 (6.4%) placebo recipients.
Grade 3 solicited local symptoms were reported by 13
(11.6%) RZV recipients and none by placebo recipients.
Injection site pain was the most frequently occurring
solicited local symptom, reported by 90 (80.4%)
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RZV and 7 (6.4%) placebo recipients (Fig. 5, Supporting
Table S1).

At least 1 solicited general symptom (any grade) was
reported by 91 (81.3%) RZV and 73 (66.4%) placebo
recipients. Grade 3 solicited general symptoms were
reported by 25 (22.3%) RZV and 17 (15.5%) placebo
recipients. The most frequently occurring solicited
general symptom after RZV was fatigue, followed by
myalgia (Fig. 5, Supporting Table S1).

Solicited local and general symptoms were mild to
moderate in intensity and transient, with a median dura-
tion up to 4 days.

Unsolicited AEs were reported by 100 (85.5%) RZV
and 103 (89.6%) placebo recipients. In each study group,
the most frequently occurring unsolicited AEs were nau-
sea and asthenia (weakness), reported by 26.5% and
25.6% of RZV recipients, respectively, and by 24.3% and
24.3% of placebo recipients, respectively. Grade 3 unso-
licited AEs were reported by 18 (15.4% [1 case was con-
sidered causally vaccine-related by the investigator]) RZV
and 15 (13.0%) placebo recipients (Table 2).

The frequency of SAEs was balanced between study
arms across all the periods that were evaluated (Table 2).
Overall, the most frequent SAEs reported during the en-
tire study period were infections and infestations, malig-
nant neoplasms, and neutropenia.

Fatal SAEs occurred in 12 (10.3%) of RZV and 11
(9.6%) of placebo recipients. The most frequent fatali-
ties reported by System Organ Class were “neoplasms
benign, malignant and unspecified (including cysts and
polyps)” followed by “infections and infestations.” None
of the SAEs, including fatalities, were considered by the
investigators to be causally vaccine-related (Table 2). In
addition to the fatalities, classified as withdrawal, 2 par-
ticipants withdrew due to nonfatal SAEs: 1 RZV recipient
experienced brain metastases and febrile neutropenia,
and 1 placebo recipient had pulmonary metastases of
prostatic cancer, anemia, bilateral hydronephrosis, and
acute renal failure.

During the study, 1 potential immune-mediated
disease was reported (autoimmune thyroiditis), which
occurred in a placebo recipient (Table 2).

Suspected HZ cases were reported by 1 RZV
recipient at M1 and 2 placebo recipients at M6 and M13,
respectively.

DISCUSSION
This study demonstrated that 2 doses of RZV are
immunogenic in adults with STs who are receiving
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Figure 4. Humoral and cell-mediated immunogenicity (CMI) of recombinant zoster vaccine (RZV). (A) Anti-gE antibody GMCs
(according-to-protocol [ATP] cohort for humoral immunogenicity/persistence). (B) Vaccine response rate (VRR) in terms of
anti-glycoprotein E (gE) antibody concentrations (ATP cohort for humoral immunogenicity/persistence). (C) Frequencies of
gE-specific CD4[2+] T cells per 108 total CD4+ T cells (ATP subcohort for CMI, PreChemo groups only). (D) VRR in terms of CMI
responses (ATP subcohort for CMI, PreChemo groups only). In both the PreChemo (first vaccination 8-30 days before the start
of a chemotherapy cycle) and OnChemo (first vaccination at the start of a chemotherapy cycle) strata, the second vaccination
took place 1-2 months after the first vaccination and at the first day (allowing a window of +1 day) of a subsequent cycle of
chemotherapy. gE, glycoprotein E; GMC, geometric mean concentration; M, study month; M1, 1 month post-dose 1; M2, 1 month
after dose 2; M6, 5 months after dose 2; M13, 12 months after dose 2; N, number of participants with available results; N’, number
of participants with pre- and post-vaccination results available; PRE, prevaccination (M0O). With the exception of panel C, error
bars indicate 95% confidence intervals.

100

% of participants
S

Any Pain Redness Swelling Any Fatigue Gl Headache | Myalgia Shivering Fever

Solicited local symptoms Solicited general symptoms
BRZV (N=112) ®Placebo (N=110) Grade 3*

Figure 5. Solicited adverse events (overall/participant, total vaccinated cohort). Error bars indicate 95% confidence intervals.
Numerical values for the data depicted here are provided in Supporting Table S1. G, gastrointestinal symptoms (nausea, vomiting,
diarrhea and/or abdominal pain); N, number of participants with >1 documented dose; RZV, recombinant zoster vaccine. *Fever
was not graded; percentage of participants with oral temperature >39°C are provided in the Grade 3 category.

immunosuppressive chemotherapies and that immune of a chemotherapy cycle (RZV-PreChemo and RZV-
responses persisted through 12M after dose 2. RZV OnChemo groups, respectively). No RZV-related safety
was well tolerated whether given before or at the start concerns arose during the study. A results summary with
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TABLE 2. Percentages of Participants Reporting Adverse Events (Total Vaccinated Cohort)

Adverse Events

RZV (N = 117)

Placebo (N = 115)

n % (95% Cl) n

% (95% Cl)

Within 30 days after vaccination

Unsolicited adverse events

Any grade 100 85.5 (77.8-91.3) 103
Grade 3 18 15.4 (9.4-23.2) 15
Any grade: related 10 8.5 (4.2-15.2) 9
Grade 3: related 1 0.9 (0.0-4.7) 0
MAEs
All 31 26.5 (18.8-35.5) 33
First vaccination through 30 days
after last vaccination
pIMDs
All 0 — 0
SAEs
All 16 13.7 (8.0-21.3) 14
Related 0 — 0
30 days after last vaccination
through study end
pIMDs
All 0 0.0 (0.0-3.1) 1
SAEs
All 30 25.6 (18.0-34.5) 31
Related 0 — 0
Entire study
Fatal SAEs 12 10.3 (5.4-17.2) 1

89.6 (82.5-94.5)
13.0 (7.5-20.6)
7.8 (3.6-14.3)
0.0 (0.0-3.2)

28.7 (20.6-37.9)

12.2 (6.8-19.6)

0.9 (0.0-4.7)

27.0 (19.1-36.0)

9.6 (4.9-16.5)

Abbreviations: Cl, confidence interval; MAEs, adverse events with medically attended visits; N, total number of participants; n, number of participants with >1 docu-
mented (solicited adverse events) or administered (other adverse events) dose; pIMDs, potential immune-mediated diseases; RZV, adjuvanted recombinant zoster
vaccine; SAEs, serious adverse events.

Causal relationship to vaccination was assessed by the investigator.

Focus on the Patient

Infection with varicella-zoster virus (VZV) causes chickenpox. Following the initial infection, the virus lays
dormant in the body and virus reactivation may result in shingles, also called herpes zoster. Shingles is typically a
painful rash that appears on one side of the body and may include fever, headache or long-lasting pain after the
rash has healed. As the risk for shingles increases with age, episodes are most commonly seen in people 50 years
of age and older. The risk of shingles is also increased by a weakened immune system, which may occur in people
with cancer, especially those receiving certain types of chemotherapy.

Shingles in healthy older adults can be prevented by vaccination. As a non-live vaccine, the recently approved
Shingrix vaccine (GSK), is not contraindicated in those with weakened immune systems. Here, we
assessed Shingrix’s safety and ability to stimulate an immune response when administered to adults with solid
tumors (ST). Shingrix was administered as two doses, with the first dose at least one week before or on the same
day a chemotherapy cycle started. Despite their weakened immune systems, patients with ST mounted a strong
immune response after Shingrix vaccination. There were no safety concerns. While giving the first dose before
chemotherapy made a stronger immune response than giving it at the start of chemotherapy, the immune
responses 1 year after vaccination were similar for both approaches. J

~

We show that ST patients with weakened immune systems, who are at high risk for shingles, are able to mount a
strong immune response with Shingrix and tolerate the vaccine well. Other similar high risk patients may

What is the impact?

therefore benefit from such vaccine prevention.
J

Figure 6. Focus on the patient.
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potential clinical relevance is provided in Figure 6 to
assist communications to the patient.

Humoral responses at M2 were higher in the
RZV-PreChemo group than in the RZV-OnChemo
group, likely because RZV-PreChemo participants had
at least 8 days after their first vaccination to develop
an RZV immune response before initiation of immu-
nosuppressive chemotherapy, whereas RZV-OnChemo
participants had no immune response window before
chemotherapy initiation. Nevertheless, these participants
also developed robust RZV humoral immune responses.

In healthy adults receiving 2 doses of RZV, humoral
immune responses increase from M1 to M2.”' However,
in our ST population, these responses decreased from M1
to M2 in the RZV-PreChemo group and remained un-
changed in the RZV-OnChemo group. Presumably, this
observation is secondary to immunosuppression from
chemotherapy administration and the short courses of
dexamethasone, which is frequently used to prevent nau-
sea and vomiting. We hypothesized that these immuno-
suppressive agents impair B cell function and antibody
production. Indeed, preclinical studies in dogs support
the hypothesis that humoral immune response is low-
ered by the presence of cancer, compared with healthy
matched animals, and that B cell response is further
impaired by chemotherapy.®* Immune responses to the
recombinant Wilms’ tumor 1 (WT1) protein combined
with the immunostimulant AS15 (GSK) were also found
to be blunted by concomittant administration of chemo-
therapy in WT1-positive breast cancer patients.”’

Although the presence of cancer and its immuno-
suppressive treatment may normally reduce vaccine hu-
moral responses, RZV induces such responses by either
treatment schedule of this study. Still, administration of
the first RZV dose 8-30 days before the initiation of a
chemotherapy course elicits a stronger humoral response
than administration at start of chemotherapy.

Although the anti-gE antibody GMCs were slightly
lower in younger (18-49 years of age) participants, this
finding should be interpreted with caution secondary to
the smaller number of younger participants in each RZV
group. Indeed, the range of anti-gE concentrations for
the younger and older participants is largely overlapping.

Despite the different immune responses between
the RZV-PreChemo and RZV-OnChemo groups ob-
served up to M2, vaccine-induced humoral immunity
persisted at similar levels above baseline through M13 for
both treatment schedules. Even though administration
of the first dose before chemotherapy is desirable, given
the higher humoral immunogenicity with this schedule,

1310

administration of both RZV doses during chemotherapy
still provides persistence of gE-specific humoral immunity.

VZV-specific CMI is believed to be the main
mechanistic determinant of protection against HZ
in older adults® and may also be the determinant for
patients with STs. In contrast to humoral immune
responses, CMIresponses (PreChemostratum) increased
by administration of the second RZV dose. However,
the extent of the protection that may be offered by
RZV to ST patients is unclear in the absence of ST
efficacy data or an immunologic correlate of protec-
tion. In addition, the impact of low cellular response
observed in some patients (as evidenced by relatively
low CMI VRR at M2 and M13) on protection against
HZ is not known. Efficacy trials would be critical to
assess the impact of RZV in patients with STs during
chemotherapy.

Although of different magnitude than in immuno-
competent older adults, the persistence of humoral and
CMI responses in patients with STs on chemotherapy are
in line with previous findings on the long-term immuno-
genicity of RZV.?"%

The frequency of local injection site reactions was
consistent with the reactogenicity profile observed in
the previous phase 3 efficacy trials in older adults.**
In contrast, in ST patients, the frequency of solicited
general symptoms in both the RZV arm and especially
the placebo arm were higher than in immunocompetent
older adults, likely reflecting a higher background rate
of general symptoms associated with underlying malig-
nancy and treatment.””>°

The frequencies of unsolicited AEs, medically at-
tended AEs, SAEs, and fatalities were balanced between
the RZV and placebo groups, with the type of AEs being
primarily consistent with complications of the underly-
ing malignancy and/or its treatment. No suspected HZ
cases occurred among RZV recipients who received both
vaccine doses.

Our study has several limitations. The sample size
was small, and the study was not powered to compare
immune responses between the RZV-PreChemo and
RZV-OnChemo groups, nor was it powered to com-
pare immune responses by age (19-49 vs =50 years of
age), cancer type, or chemotherapeutic regimen. Also,
the variable intervals between the first dose and the
first (occasionally second) chemotherapy cycle in the
PreChemo stratum, types of cancer, different stages
of disease, different premedication and anti-emetic
treatments, and different type and strength of chemo-
therapy regimens are all likely to have impacted the
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immunogenicity results. Larger or more targeted stud-
ies would be needed to evaluate this impact in depth.
Because patients 250 years of age within the PreChemo
stratum represent the largest subgroup of the study,
this cohort drove the humoral immunogenicity and
safety findings. Results from the OnChemo stratum
(20% of all participants), the CMI subcohort, the M6
time point, and the 18-49 years of age group should be
interpreted with caution, because the number of evalu-
able participants in each of these subgroups was small.

In conclusion, this study demonstrates that 2
doses of RZV are immunogenic in patients with STs
receiving immunosuppressant chemotherapy regimens.
Immunogenicity persisted 12 months after vaccination
regardless of the timing of the first vaccination in rela-
tion to the start of chemotherapy. Because concomitant
chemotherapy may interfere with vaccine immunogenic-
ity, administration of the first dose at least 1 week before
initiating chemotherapy is desirable. No vaccine-specific
safety concerns arose during the study.
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