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Background: This study evaluated immunogenicity and safety of the adjuvanted recombinant zoster vac-
cine (RZV) and the reduced-antigen-content diphtheria-tetanus-acellular pertussis vaccine (Tdap) when
co-administered in adults aged >50 years.

Methods: In this open label, multi-center study (NCT02052596), participants were randomized 1:1 to the
Co-Administration group (RZV dose 1 and Tdap at Day 0 [DO], RZV dose 2 at Month 2 [M2]) or Control
group (Tdap at DO, RZV dose 1 at M2, RZV dose 2 at M4). Co-primary objectives were evaluation of the
vaccine response rate (VRR) to RZV in the Co-Administration group, and demonstration of non-
inferiority of the humoral responses to RZV and Tdap in the Co-Administration compared to Control
group. Reactogenicity and safety of RZV and Tdap were also assessed.

Results: VRR to RZV was 97.8% in the Co-Administration group. The non-inferiority criterion was met for
the humoral response to RZV and for 4 Tdap antigens, but was not met for the Tdap antigen pertactin.
Occurrences of solicited, unsolicited and serious adverse events, and potential immune-mediated dis-
eases were similar between groups.

Conclusions: Co-administration of RZV and Tdap did not interfere with the humoral immune response to

RZV or 4 of the 5 Tdap antigens. No safety concerns were identified.
© 2019 GSK. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/).

Abbreviations: CI, confidence interval; D, day; DT, diphtheria toxoid; ELISA,
enzyme-linked immunosorbent assay; FHA, filamentous hemagglutinin; gE,
varicella-zoster virus glycoprotein E; GM(C), geometric mean (concentration); HZ,
herpes zoster; 1IV4, inactivated quadrivalent influenza vaccine; IU, international
units; LL, lower limit; M, month; pIMDs, potential immune-mediated diseases;
PPSV23, 23-valent pneumococcal polysaccharide vaccine; PRN, pertactin; PT,
pertussis toxoid; RZV, recombinant zoster vaccine; (S)AE, (serious) adverse event;
SD, standard deviation; Tdap, adult formulations of vaccines containing tetanus and
diphtheria toxoids and acellular pertussis antigens; TT, tetanus toxoid; UL, upper
limit; VRR, vaccine response rate; VZV, varicella-zoster virus; YOA, years of age.
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1. Introduction

Primary infection with varicella-zoster virus (VZV) causes
chickenpox; thereafter VZV establishes latency in sensory ganglia.
Reactivation of latent VZV results in herpes zoster (HZ), which typ-
ically manifests as a painful, dermatomal rash [1-3]. Complications
of HZ include postherpetic neuralgia, ophthalmic disease, myelitis,
and encephalitis [1,4]. The risk of HZ increases with age, with more
than 60% of all HZ cases occurring after 50 years of age (YOA) [5,6].
This increase in HZ risk is thought to be caused by an age-related
decline in VZV-specific cellular immunity [7-10].

An adjuvanted recombinant zoster vaccine containing the VZV
glycoprotein E (gE) and the ASO1p Adjuvant System (Shingrix,
referred to as RZV hereafter [11]) demonstrated 97.2% and 91.3%
overall efficacy against HZ in adults aged >50 and >70 YOA,
respectively [12,13]. Furthermore, RZV induced robust humoral

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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and cellular immune responses in all age groups [14]. RZV is cur-
rently approved in several countries worldwide for prevention of
HZ in adults aged >50 YOA [15-17]. In the US, RZV is recom-
mended for the prevention of HZ and related complications for
immunocompetent adults >50 YOA, including those who previ-
ously received the live zoster vaccine [18].

Older adults are also at increased risk for other infections and
their complications, such as influenza, pneumococcal disease, per-
tussis, diphtheria and tetanus [19-24]. Adult formulations of vacci-
nes containing tetanus and diphtheria toxoids and acellular
pertussis antigens (Tdap) have been developed to prevent pertussis
and to re-establish protection against diphtheria and tetanus [25].
Vaccination of adults is important to prevent outbreaks of these
vaccine-preventable diseases and to help prevent pertussis trans-
mission to infants younger than 12 months of age [26,27]. For
these reasons, vaccination against diphtheria, tetanus, and pertus-
sis is currently recommended for adults in many countries [26]. In
the US, the Centers for Disease Control and Prevention recommend
a single dose of Tdap for adults >19 YOA previously not vaccinated
with Tdap [28].

Recent trials indicate that the immunogenicity of RZV is pre-
served and that the reactogenicity of neither of the vaccines is sig-
nificantly impacted when the first dose is co-administered with
either a seasonal inactivated quadrivalent influenza vaccine
(IIv4) or a 23-valent pneumococcal polysaccharide vaccine
(PPSV23) [29,30]. Given that administration of vaccines at a single
visit is more convenient and cost effective, and might improve vac-
cine coverage, this study evaluated the immunogenicity and safety
when the first dose of RZV was co-administered with Tdap as com-
pared to sequential administration.

2. Methods
2.1. Study design

This phase III, open-label, randomized, multi-center study was
conducted at 13 study centers in the US between February 2014
and April 2016. Participants were randomized 1:1 to one of two
parallel study arms using a central randomization system on the
internet (SBIR, GSK). Participants in the Co-Administration
(Co-Ad) group received the first dose of RZV and Tdap
co-administered at Day 0 (DO), and the second dose of RZV at
Month 2 (M2). Participants in the Control group received Tdap
at DO, the first dose of RZV at M2 and the second dose of RZV at
M4.

The study documents were reviewed and approved by applica-
ble regulatory agencies and ethics committees. The study was con-
ducted in accordance with the Declaration of Helsinki and the
principles of Good Clinical Practice and is registered on ClinicalTri-
als.gov (NCT02052596). Full clinical study documents including
protocol and clinical study report are available at http://www.
gsk-clinicalstudyregister.com (study 116887). Anonymized indi-
vidual participant data and study documents can be requested
for further research at www.clinicalstudydatarequest.com.

Co-primary objectives of the study were (1) to evaluate the vac-
cine response rate (VRR) to RZV (based on humoral immune
response) in the Co-Ad group 1M post-RZV dose 2; (2) to demon-
strate non-inferiority of the humoral immune response to two
doses of RZV in the Co-Ad versus Control group 1M post-RZV dose
2; and (3) to demonstrate non-inferiority of humoral responses to
Tdap in the Co-Ad versus Control group 1M post-Tdap vaccination.
The secondary objective of this study was to evaluate the safety
and reactogenicity of RZV and Tdap when co-administered or
administered sequentially.

2.2. Study participants

Adults were eligible for participation in the study if they were
>50 YOA at the time of first vaccination, provided written
informed consent before study start, and, in the opinion of the
investigator, were able to comply with the requirements of the
protocol. Adults were excluded from participation if they had a his-
tory of HZ, or had received any HZ, VZV, or Tdap vaccine at any
time before the study or any vaccine against diphtheria or tetanus
within the 5years preceding the study. Persons on chronic
immunosuppressive therapy were also excluded from participa-
tion. Detailed inclusion/exclusion criteria are presented in Supple-
mentary Text 1.

2.3. Study vaccines

Both vaccines were administered intramuscularly in the deltoid
muscle of the upper arm (non-dominant arm for RZV, dominant
arm for Tdap). The RZV vaccine (Shingrix, GSK) contains 50 pg of
VZV gE antigen and the GSK proprietary ASO1g Adjuvant System
(containing 50 pg MPL [3-0-desacyl-4’-monophosphoryl lipid A;
produced by GSK], 50 pug QS-21 [Quillaja saponaria Molina, fraction
21; licensed by GSK from Antigenics LLC, a wholly owned sub-
sidiary of Agenus Inc., a Delaware, USA corporation] and liposome)
per 0.5 mL of reconstituted vaccine. The Tdap vaccine (Boostrix,
GSK) contains >2 international units (IU) diphtheria toxoid (DT),
>201U tetanus toxoid (TT), >8 ng pertussis toxoid (PT), 8 pg fila-
mentous hemagglutinin (FHA) and 2.5 pug pertactin (PRN) per
0.5 mL prefilled monodose syringe. Tdap antigens are adjuvanted
with aluminum salts.

2.4. Outcomes and assessments

2.4.1. Assessment of immunogenicity

Humoral immune responses to the study vaccines were
assessed from blood samples (~8 mL) collected from participants
in the Co-Ad group at DO (pre-vaccination for RZV and Tdap), M1
(1M post-Tdap vaccination), and M3 (1M post-RZV dose 2); and
in the Control group at DO (pre-Tdap vaccination), M1 (1M post-
Tdap vaccination), M2 (pre-RZV vaccination), and M5 (1M post-
RZV dose 2). Anti-gE antibody concentrations were measured using
an anti-gE enzyme-linked immunosorbent assay (ELISA) with a
seropositivity cut-off of 97 milli [lU (mIU)/mL. VRR was defined as
the percentage of participants who had at least: (i) a 4-fold
increase in the post-RZV dose 2 anti-gE antibody concentration
compared to the anti-gE cut-off for participants who were seroneg-
ative at baseline, or (ii) a 4-fold increase in the post-RZV dose 2
anti-gE antibody concentration compared to the pre-RZV vaccina-
tion anti-gE concentration for participants who were seropositive
at baseline.

Antibodies against DT (anti-D), TT (anti-T) and the three pertus-
sis antigens (anti-PT, anti-FHA and anti-PRN) were measured by
ELISA, with seropositivity cut-offs of 0.057, 0.043, 2.693, 2.046,
and 2.187 IU/mL, respectively.

2.4.2. Assessment of reactogenicity and safety

Diary cards were provided to the participants to record solicited
and unsolicited adverse events (AEs). Solicited local (injection site
pain, redness and swelling) and general (fatigue, fever, gastroin-
testinal symptoms, headache, myalgia, and shivering) AEs were
recorded for 7 days (D0-D6) after each vaccination. Unsolicited
AEs were recorded for 30 days (D0-D29) after each vaccination.
All solicited AEs were graded on a scale from O (characterized by
a surface diameter <20 mm [for swelling and redness], oral
temperature <37.5 °C [for fever] or absent [for all other solicited
AEs]) to 3 (characterized by a surface diameter >100 mm
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[for redness and swelling], significant at rest and preventing nor-
mal everyday activities [for pain], oral temperature >39.0 °C [for
fever| or preventing normal activity [for all other solicited AEs]).
Unsolicited AEs were graded by the investigators on a scale from
1 (mild: causing minimal discomfort and not interfering with
everyday activities) to 3 (severe: preventing normal everyday
activities). All solicited local reactions were considered causally
related to vaccination. Causal relationship to vaccination of all
other AEs was assessed by the investigators.

Serious AEs (SAEs) and potential immune-mediated diseases
(pIMDs) were recorded from administration of the first study vac-
cine dose until the end of the study (approximately 12M post-RZV
dose 2 in each group).

Suspected HZ, defined as appearance of a new rash characteris-
tic of HZ and diagnosed by the investigator, were collected until
study end. HZ and/or HZ complications constituted an AE or SAE,
as appropriate.

2.5. Statistical analyses

For binomial outcomes, the exact 2-sided 95% confidence inter-
vals (Cls) for proportions within groups were calculated using the
Clopper-Pearson method [31], while the 2-sided standardized
asymptotic 95% Cls for the between group differences were calcu-
lated using Miettinen and Nurminen method [32].

An Analysis of Covariance model was used to analyze post-
vaccination log-transformed concentrations of anti-gE, anti-FHA,
anti-PT and anti-PRN antibodies. The fixed-effect model for anti-
gE included the treatment and age strata as fixed effects. For
anti-FHA, anti-PT and anti-PRN, the fixed-effect model included
only treatment as a fixed effect. The pre-vaccination log-
transformed concentrations were included as continuous covari-
ates in both models. Geometric means (GMs) of post-vaccination
concentrations were calculated conditionally to the means of the
pre-vaccination log-transformed concentrations.

The 2-sided 95% Cls for the mean of log-transformed concentra-
tions were first obtained assuming that log-transformed values
were normally distributed with unknown variance. The 2-sided
95% Cls for the GMs were then obtained by exponential transfor-
mation of the CIs for the mean of log-transformed concentrations.

Missing data or non-evaluable measurements were treated as
missing completely at random processes. No adjustment was made
for the type I error due to multiplicity as the null hypotheses must
simultaneously show a significant beneficial effect for the study
main objective to be met.

The analysis of immunogenicity was performed on the
according-to-protocol (ATP) cohort for immunogenicity which
included participants who met all eligibility criteria, complied with
the study procedures and intervals allowed for the analysis, and for
whom data concerning immunogenicity endpoint measures were
available. Descriptive analyses of reactogenicity and safety were
performed on the total vaccinated cohort (TVC) and included all
participants with at least 1 documented administered vaccine
dose, except those from a study center that was excluded from
the analysis.

All statistical analyses were performed using the Statistical
Analysis Systems Drug Development Version 4.3.3.

2.5.1. Co-primary objectives

The first co-primary objective was met if the lower limit (LL) of
the 2-sided 95% CI of the VRR for anti-gE antibody concentrations
in the Co-Ad group was >60%.

The second co-primary objective was demonstrated if, 1M post-
RZV dose 2, the upper limit (UL) of the 2-sided 95% CI of the
adjusted geometric mean concentration (GMC) ratio (Control over
Co-Ad) was <1.5.

The third co-primary objective, non-inferiority of the humoral
immune response to Tdap in the Co-Ad compared to the Control
group, was demonstrated if, 1M post-Tdap vaccination, the UL of
the 2-sided 95% CI of the adjusted GMC ratio (Control over Co-
Ad) was <1.5 for anti-FHA, anti-PT, and anti-PRN; and the UL of
the 2-sided 95% CI for the difference in percentage of participants
(Control minus Co-Ad) with antibody concentrations >1.0 [lU/mL
for anti-D and anti-T was <10%.

2.5.2. Secondary objective
Reactogenicity and safety of both study vaccines were assessed
using descriptive statistics.

2.5.3. Sample size calculation

To demonstrate all co-primary objectives with a global power of
90%, a sample size of 778 evaluable participants (389 per study
group) were needed. Assuming 5% non-evaluable participants,
820 participants (410 per study group) were needed to be enrolled.

3. Results
3.1. Study participants

From 904 enrolled participants, 903 were randomized and
received at least one study vaccine dose. Of these, 830 (412 Co-
Ad, 418 Control) were included in the TVC. Seventy-three vacci-
nated participants were excluded from all analyses as their study
center was closed in August 2014. To maintain the statistical
power, 76 additional participants were subsequently enrolled in
this study, who were counted in the total of 904 enrollees. Of the
830 vaccinated participants, 771 (377 Co-Ad, 394 Control) were
included in the ATP cohort for immunogenicity and 768 (385 Co-
Ad, 383 Control) of the 830 vaccinated participants completed
the study up to the last contact for safety (M14 in Co-Ad, M16 in
Control) (Fig. 1). In the TVC, demographic characteristics were
well-balanced between study groups (Table 1). The mean ages
were 63.4 (standard deviation [SD]: 8.4) and 63.1 (SD: 9.0) years
in the Co-Ad and Control groups, respectively, and most partici-
pants were Caucasian in both study groups. The gender distribu-
tion was similar between the two study groups.

3.2. Immunogenicity

One month post-RZV dose 2, VRR to RZV was 97.8% (95% CI:
95.8-99.1) in the Co-Ad group; therefore, the success criterion
for the VRR objective (LL of the 95% CI >60%) was met (Table 2).

The adjusted GMC ratio (Control over Co-Ad) for anti-gE anti-
bodies 1M post-RZV dose 2 was 1.11 (95% CI: 1.02-1.21); there-
fore, the non-inferiority criterion (UL of the 95% CI <1.5) for the
humoral immune response to RZV in the Co-Ad versus the Control
group was met (Table 2).

The non-inferiority criterion (UL of 95% CI <1.5) for the humoral
immune response to Tdap in the Co-Ad compared to the Control
group was met for the pertussis antigens except PRN. The adjusted
GMC ratios (Control over Co-Ad) for anti-FHA, anti-PT, and
anti-PRN antibodies 1M post-Tdap vaccination were 1.24
(95% CI: 1.07-1.44), 1.17 (95% CI: 1.00-1.36), and 1.27 (95% CI:
1.02-1.58), respectively. The anti-PRN GMC increased more than
12-fold over pre-vaccination in the Co-Ad group, and post-
vaccination anti-PRN seropositivity rates were similar between
the Co-Ad and Control groups 1M post-Tdap vaccination (Table 3).

The difference in percentage of participants (Control minus
Co-Ad) with antibody concentrations >1.0 I[U/mL 1M post-Tdap
vaccination were 1.52% (95% CI: —-4.66-7.72) and -0.84%
(95% CI: —-3.73-2.02) for anti-D and anti-T, respectively.
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A
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4  Withdrawn due to SAE 1 Withdrawn due to SAE
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iz el Phone contact at month 14 Phone contact at month 16
at 12 months after _ _
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ATP cohort for n=377 < n=39% [+
immunogenicity

Fig. 1. Participant flow diagram. Tdap, reduced-antigen-content diphtheria-tetanus-acellular pertussis vaccine; RZV, adjuvanted recombinant zoster vaccine; RZV-1, RZV
dose 1; RZV-2, RZV dose 2; Co-Ad, study group in which participants received the RZV dose 1 and Tdap co-administered at Day 0 and the RZV dose 2 at Month 2; Control,
study group in which participants received Tdap at Day 0, the RZV dose 1 at Month 2 and RZV dose 2 at Month 4; n, number of participants attending the corresponding visit;
TVC, total vaccinated cohort; ATP, according-to-protocol; (S)AE, (serious) adverse event; pIMD potential immune-mediated disease. *In the study center that closed in August
2014 due to business reasons, 73 participants were enrolled and vaccinated prior to closure. Of these, 32 consented to transfer to another center and were followed for limited
safety only (SAEs, pIMDs, pregnancies and herpes zoster cases) until the end of the study. All samples collected from the 73 participants were destroyed. These 73 participants
were excluded from all analyses as the data collected could not be validated by the investigator. 76 other eligible adults were subsequently enrolled to compensate this
exclusion. **This participant withdrew from the study due to a combination of pre-existing irritable bowel syndrome and time constraints associated with employment.
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Table 1
Demographic characteristics of study participants (total vaccinated cohort).
Characteristic Parameters/Categories Co-Ad Control
N =412 N =418
Value or n % Value or n %
Age (years)” Mean + SD 63.4+84 63.1+9.0
Gender Female 222 53.9 225 53.8
Male 190 46.1 193 46.2
Geographic ancestry Caucasian/European 364 88.3 357 854
African Heritage/African American 41 10.0 53 12.7
Other 7 1.7 8 1.9

Co-Ad, study group in which participants received the adjuvanted recombinant zoster vaccine (RZV) dose 1 and the reduced-antigen-content diphtheria-tetanus-acellular
pertussis vaccine (Tdap) co-administered at Day 0 and the RZV dose 2 at Month 2; Control, study group in which participants received Tdap at Day 0, the RZV dose 1 at Month
2 and RZV dose 2 at Month 4; N, total number of participants; n (%), number (percentage) of participants in a given category; SD, standard deviation.

" At first study vaccination.

Table 2
Response to RZV and Tdap (according-to-protocol cohort for immunogenicity).

RZV response (1 month post-RZV dose 2)

Co-Ad Control GMCcontrol/f GMCco-ad (95% CI)
N Value N Value Value
VRR, % (95% CI) 369 97.8(95.8'-99.1) 378  97.9(95.9-99.1) -

Adjusted” anti gE GMC, mIU/mL (95% CI) 369 51178.8 (48003.0-54564.7) 378  56824.8 (53336.1-60541.6)  1.11 (1.02-1.21%)

Tdap response (1 month post-Tdap vaccination)

Response to pertussis antigens

Co-Ad

Control

Adjusted  GMC, IU/mL (95% CI) Antibody N Value

N Value

GMCContro]/GMCCo—Ad (95% Cl)

Value

Anti-FHA 373
Anti-PT 371
Anti-PRN 363

43.6 (39.0-48.8)

315.3 (283.4-350.8)

221.6 (189.7-258.8)

391 392.2 (353.3-435.3)
389  50.9 (45.6-56.7)
387  281.7 (242.4-327.4)

1.24 (1.07-1.44%)
1.17 (1.00-1.36%)
1.27 (1.02-1.58%)

Response to diphtheria and tetanus antigens

Co-Ad Control %control—%co-ad (95% CI)
Percentage of participants with antibody =~ Antibody N’ Value N’ Value Value
concentrations > 1.0 IU/mL anti-D 374 738 389 753 1.52 (~4.66-7.72")
anti-T 374 96.5 394 957 —0.84 (—3.73-2.02%)

VRR, percentage of participants who had at least: (i) a 4-fold increase in the post-RZV dose 2 anti-gE antibody concentration compared to the anti-gE cut-off (97 mIU/mL) for
participants who were seronegative at baseline, or (ii) a 4-fold increase in the post-RZV dose 2 anti-gE antibody concentration compared to the pre-RZV vaccination anti-gE
concentration for participants who were seropositive at baseline.

Co-Ad, study group in which participants received the adjuvanted recombinant zoster vaccine (RZV) dose 1 and the reduced-antigen-content diphtheria-tetanus-acellular
pertussis vaccine (Tdap) co-administered at Day 0 and the RZV dose 2 at Month 2; Control, study group in which participants received Tdap at Day 0, the RZV dose 1 at Month
2 and RZV dose 2 at Month 4; VRR, vaccine response rate; gk, glycoprotein E; GMC, geometric mean concentration; FHA, filamentous hemagglutinin; PT, pertussis toxin; PRN,
pertactin; D, diphtheria; T, tetanus; IU, international units; mIU, milli IU; N, number of participants with both pre- and post-vaccination results available; N’, number of

participants with available post-vaccination results; CI, confidence interval.
" Adjusted for baseline concentration and age.
™ Adjusted for baseline concentration.

T Success criterion: lower limit of 95% CI > 60%.

* Non-inferiority criterion: upper limit of 2-sided 95% CI < 1.5.

¥ Non-inferiority criterion: upper limit of 2-sided 95% CI < 10%.

The non-inferiority criterion (UL of 95% CI <10%) for the humoral
immune response to Tdap in the Co-Ad versus the Control group
was met for anti-D and anti-T (Table 2).

3.3. Reactogenicity and safety

Overall, the percentage of participants reporting solicited local
or general symptoms was similar in the Co-Ad and Control groups
(Table 4).

The most common solicited local symptom after vaccination
was pain, reported after RZV by 83.3% (8.4% grade 3) and 85.4%
(9.2% grade 3) of participants in the Co-Ad and Control groups,
respectively (Fig. 2A). After Tdap vaccination, pain was reported
by 45.1% (2.0% grade 3) and 38.1% (0.7% grade 3) of participants
in the Co-Ad and Control groups, respectively (Fig. 2B). The median

duration of solicited local symptoms reported per dose was 3 days
or less.

Overall, the most common solicited general symptom was
myalgia followed by fatigue. Myalgia was reported by 55.8%
(6.6% grade 3) and 59.0% (7.8% grade 3), while fatigue by 45.7%
(7.4% grade 3) and 46.6% (6.6% grade 3) of participants in the Co-
Ad and Control groups, respectively (Fig. 2C). The median duration
of solicited general symptoms reported per dose was 2 days or less.

Within 30 days after vaccination, unsolicited AEs were reported
by 105 (25.5%) and 118 (28.2%) participants in the Co-Ad and Con-
trol groups, respectively. Of these, 27 Co-Ad group and 31 Control
group participants reported unsolicited AEs assessed by the inves-
tigator to be causally related to vaccination (Table 4). These
included one grade 3 injection site pruritus and one grade 3 syn-
cope in the Co-Ad group, and one grade 3 viral upper respiratory
tract infection and one grade 3 cough in the Control group. The
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Table 3
Pre- and post-vaccination antibody GMCs and seropositivity rates (according-to-protocol cohort for immunogenicity).
Co-Ad Control

Timing N % Seropositive (95% CI) GMC (95% CI) N % Seropositive (95% CI) GMC (95% CI)
Anti-gE (seropositivity threshold: 97 mIU/mL)
Pre-RZV 376 98.9 (97.3-99.7) 1317.9 (1190.4-1459.1) 386 99.0 (97.4-99.7) 1458.6 (1318.7-1613.2)
Post-RZV 369 100 (99.0-100) 51687.7 (48425.1-55170.1) 380 100 (99.0-100) 57998.6 (54456.9-61770.6)
Anti-FHA (seropositivity threshold: 2.046 IU/mL)
Pre-Tdap 377 98.7 (96.9-99.6) 26.0 (23.1-29.3) 394 98.7 (97.1-99.6) 30.3 (27.1-34.0)
Post-Tdap 373 100 (99.0-100) 309.3 (276.4-346.0) 391 100 (99.1-100) 399.4 (359.1-444.3)
Anti-PT (seropositivity threshold: 2.693 IU/mL)
Pre-Tdap 374 66.6 (61.5-71.3) 5.1 (4.5-5.8) 389 73.0 (68.3-77.4) 6.4 (5.6-7.2)
Post-Tdap 374 96.8 (94.5-98.3) 41.1 (36.2-46.7) 394 97.5 (95.4-98.8) 53.9 (47.4-61.4)
Anti-PRN (seropositivity threshold: 2.187 IU/mL)
Pre-Tdap 369 90.0 (86.4-92.8) 18.4 (15.5-21.9) 388 89.2 (85.7-92.1) 17.3 (14.7-20.5)
Post-Tdap 370 99.2 (97.6-99.8) 222.6 (186.3-266.0) 392 98.5 (96.7-99.4) 278.1 (232.9-332.0)
Anti-D (seropositivity threshold: 0.057 IU/mL)
Pre-Tdap 365 89.0 (85.4-92.1) 0.4 (0.4-0.5) 383 87.5 (83.7-90.6) 0.4 (0.3-0.4)
Post-Tdap 374 96.0 (93.5-97.7) 2.2 (1.9-2.6) 389 95.9 (93.4-97.6) 2.5 (2.1-3.0)
Anti-T (seropositivity threshold: 0.043 IU/mL)
Pre-Tdap 376 94.7 (91.9-96.7) 1.4 (12-1.7) 393 94.4 (91.6-96.5) 14 (12-1.7)
Post-Tdap 374 99.7 (98.5-100) 8.7 (7.8-9.7) 394 99.7 (98.6-100) 10.1 (9.0-11.4)

Co-Ad, study group in which participants received the adjuvanted recombinant zoster vaccine (RZV) dose 1 and the reduced-antigen-content diphtheria-tetanus-acellular
pertussis vaccine (Tdap) co-administered at Day 0 and the RZV dose 2 at Month 2; Control, study group in which participants received Tdap at Day 0, the RZV dose 1 at Month
2 and RZV dose 2 at Month 4; gE, glycoprotein E; GMC, geometric mean concentration; FHA, filamentous hemagglutinin; PT, pertussis toxin; PRN, pertactin; D, diphtheria; T,
tetanus; IU, international units; mIU, milli IU; N, number of participants with available results; CI, confidence interval; pre-RZV, before RZV dose 1; post-RZV, 1 month post-
RZV dose 2; pre-Tdap, before Tdap vaccination; post-Tdap, 1 month post-Tdap vaccination.

Table 4
Reactogenicity and safety after RZV and Tdap vaccination (total vaccinated cohort, overall/participant).
Co-Ad Control
n % (95% CI) n % (95% CI)
Within 7 days after vaccination N =407 N =412
Any solicited local symptom 358 88.0 (84.4-91.0) 360 87.4 (83.8-90.4)
Grade 3 solicited local symptom 45 11.1 (8.2-14.5) 46 11.2 (8.3-14.6)
Any solicited general symptom 296 72.7 (68.1-77.0) 307 74.5 (70.0-78.7)
Grade 3 solicited general symptom 60 14.7 (11.4-18.6) 59 14.3 (11.1-18.1)
Within 30 days after vaccination N =412 N’ =418
Any unsolicited adverse event 105 25.5(21.3-30.0) 118 28.2 (24.0-32.8)
Considered related 27 6.6 (4.4-9.4) 31 7.4 (5.1-104)
Grade 3 unsolicited adverse event 10 24 (1.2-44) 15 3.6 (2.0-5.8)
Considered related 2 0.5(0.1-1.7) 2 0.5 (0.1-1.7)
From first vaccination up to study end* N =412 N’ =418
Any serious adverse event 21 5.1 (3.2-7.7) 31 7.4 (5.1-104)
Considered related 0 0
Potential immune-mediated disease 0 0

Co-Ad, study group in which participants received the adjuvanted recombinant zoster vaccine (RZV) dose 1 and the reduced-antigen-content diphtheria-tetanus-acellular
pertussis vaccine (Tdap) co-administered at Day 0 and the RZV dose 2 at Month 2; Control, study group in which participants received Tdap at Day 0, the RZV dose 1 at Month
2 and RZV dose 2 at Month 4; N, number of participants with at least one administered dose documented; N’, number of participants with at least one administered dose; n,
number of participants with at least one event across doses; 95% CI, confidence interval.

" 14 and 16 months after first vaccination in Co-Ad and Control groups, respectively.

most frequently reported unsolicited AEs of any grade were injec-
tion site pruritus in the Co-Ad group (2.4% of participants), and
injection site pruritus and viral upper respiratory tract infection
in the Control group (1.9% of participants each). During the entire
study period, SAEs were reported by 21 (5.1%) and 31 (7.4%) partic-
ipants in the Co-Ad and Control groups, respectively (Table 4). No
SAEs were assessed by the investigator to have a causal relation-
ship to study vaccination. During the study, 4 deaths occurred in
each of the study groups, none of which were considered related
to vaccination. No pIMDs were reported from first vaccination until
study end.

One suspected HZ case was reported for a participant in the
Co-Ad group 256 days after administration of RZV dose 2. This

HZ episode was assessed by the investigator as not causally related
to vaccination and it resolved in 8 days.

4. Discussion

This study evaluated the humoral immunogenicity and safety of
RZV and Tdap vaccines when they were administered concurrently
or sequentially. Co-administration of RZV and Tdap induced strong
immune responses to the 6 antigens evaluated. While non-
inferiority criteria were met for the humoral response to RZV and
for 4 Tdap antigens, immunological non-inferiority was not
demonstrated for the immune response to the pertussis antigen
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A. Solicited local reactions after RZV (overall/participant)
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C. Solicited general reactions after RZV and Tdap (overall/participant)
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Fig. 2. Solicited adverse events after vaccination (total vaccinated cohort). Tdap, reduced-antigen-content diphtheria-tetanus-acellular pertussis vaccine; RZV, adjuvanted
recombinant zoster vaccine; Co-Ad, study group in which participants received the RZV dose 1 and Tdap co-administered at Day 0 and the RZV dose 2 at Month 2; Control,
study group in which participants received Tdap at Day 0, the RZV dose 1 at Month 2 and RZV dose 2 at Month 4; GI, gastrointestinal symptoms: nausea, vomiting, diarrhea
and/or abdominal pain; N, number of participants with at least one administered dose documented. Error bars depict 95% confidence intervals.

PRN. Per protocol, co-administration would have been considered
non-inferior only if all co-primary objectives were met.

The VRR to RZV in the Co-Ad group was 97.8% (97.9% in the
Control group), and the anti-gE responses to two doses of RZV
were similar in the Co-Ad and Control groups at 1M post-RZV dose
2. Furthermore, in both groups, the immunogenicity of RZV,
assessed 1M post-RZV dose 2, was consistent with findings of
previous phase II and III trials [14,33-35]. In line with our findings,
immunogenicity of RZV was not affected by the co-administration
of other vaccines [29,30].

For anti-D and anti-T, an antibody concentration of 0.1 IU/mL
(ELISA) provides a conservative estimate of protective threshold
[36,37]. For both anti-D and anti-T concentrations, the non-
inferiority criterion for co-administration was met. In addition,
one month post-Tdap vaccination, 73.8% and 96.5% participants
from the Co-Ad group had anti-D and anti-T antibody concentrations
>1.0 [U/mL (i.e., >10-fold the protective threshold), respectively.

Although there is no unequivocal correlate of protection against
pertussis [38], efficacy of pertussis antigen-containing vaccines
such as Tdap or the diphtheria-tetanus-acellular pertussis vaccine
(DTaP) has been inferred in previous studies [39,40] by bridging
immune responses for the pertussis antigens PT, FHA, and PRN to
those reported in a German Household Contact Study [41], in
which DTaP demonstrated >88% efficacy against pertussis [42].
The immune responses to these three pertussis antigens in the
Co-Ad group compare favorably to the levels observed in the
household contact study participants following a 3rd DTaP dose
(Fig. 3) [41]. Taken together, these data do not suggest a clinically
relevant interference between RZV and Tdap.

The failure to demonstrate immunological non-inferiority for
humoral responses to all pertussis antigens has been described in
other co-administration settings where the DTaP or Tdap was
co-administered with the trivalent influenza vaccine, the
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German Household Contact Study — after 3 doses of DTaP

Fig. 3. Antibody responses to pertussis antigens in the Co-Ad group (according-to-
protocol cohort for immunogenicity) compared to the German Household Contact
Study (total vaccinated cohort). Tdap, reduced-antigen-content diphtheria-tetanus-
acellular pertussis vaccine; DTaP, diphtheria-tetanus-acellular pertussis vaccine;
FHA, filamentous hemagglutinin; PT, pertussis toxin; PRN, pertactin; GMC,
geometric mean concentration; Co-Ad, study group in which participants received
the adjuvanted recombinant zoster vaccine (RZV) dose 1 and Tdap co-administered
at Day 0 and the RZV dose 2 at Month 2. Error bars depict 95% confidence intervals.
Legacy enzyme-linked immunosorbent assays (ELISAs) used in the German
Household Contact Study (GHCS [41]) were converted into estimations of contem-
porary ELISAs using imputation methodology using results of samples tested with
both previous and contemporary assays. The GMCs from the GHCS used for this
comparison are based on these imputed new ELISA results [44].

tetravalent meningococcal conjugate vaccine, and the quadrivalent
meningococcal tetanus toxoid conjugate vaccine [39,40,43].
Immune interference from co-administration remains one poten-
tial etiology for the failure to demonstrate non-inferiority for PRN.
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No safety concerns were identified in this study. Safety and
reactogenicity profiles were similar when RZV and Tdap were co-
administered or given sequentially. These observations are consis-
tent with findings of previous co-administration studies with RZV
[29,30]. The slightly higher number of participants reporting SAEs
in the Control group may reflect the longer follow-up period
imposed by the study design. Safety and reactogenicity of RZV
were generally consistent with the results from previous phase II
and III studies [12,13,33,34].

As older adults might face barriers to immunization, such as the
burden of visits to a healthcare professional for the sole purpose of
a vaccination and the lack of awareness of the importance of vac-
cination in this population segment, the opportunity for co-
administration of these two vaccines at the same visit may lead
to increased compliance with RZV and Tdap vaccination recom-
mendations in adults aged >50 years. Overcoming barriers to adult
immunization, including generating immunogenicity and safety
data for vaccine co-administration, is a key component of further-
ing adult vaccination as a public health strategy.

The results of this study should be interpreted considering its
limitations. The open label design of the study might have intro-
duced bias in the assessment of safety. As injection site reactions
in the dominant arm may interfere more with daily activities, the
relative reactogenicity of the vaccines should be interpreted with
caution. Safety outcomes should also be interpreted knowing that
the Co-Ad and Control groups did not follow the same study sched-
ule (two versus three vaccination visits, respectively) and Co-Ad
participants were followed until M14 while Control participants
followed until M16.

A plain language graphical summary contextualizing the results
and potential clinical research relevance and impact is displayed in
the Focus on Patient Section (Supplementary Fig. 1).

5. Conclusions

In a clinical trial where the first dose of RZV was given concomi-
tantly with Tdap compared to when both vaccines were adminis-
tered sequentially, immunogenicity non-inferiority criteria were
met for all vaccine antigens with the exception of the humoral
response to the pertussis antigen, PRN. However, as PRN-specific
immune responses in the Co-Ad group compared favorably to pro-
tective levels in a German household contact study, these data do
not suggest a clinically relevant interference between RZV and
Tdap. Immunogenicity of RZV was not adversely impacted by co-
administration with Tdap. No safety concerns were identified.
The data from this study show that adults aged >50 years may
receive RZV and Tdap concomitantly at the same visit and may
support the advancement of adult vaccination as a public health
strategy.
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