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Key Points

• The recombinant zoster
vaccine is safe and
tolerable in allogeneic
HCT recipients.

• The vaccine does not
increase the rate of
GVHD, relapse, or
death and results in in-
frequent breakthrough
VZV reactivation.

Allogeneic hematopoietic cell transplantation (HCT) recipients are at increased risk for

varicella zoster virus (VZV) reactivation and associated complications. A nonlive adjuvanted

recombinant zoster vaccine (RZV)hasbeendeveloped topreventherpes zoster (HZ), but there

are no recommendations for use in this population. In this single-center prospective

observational cohort study, we assessed the safety and reactogenicity of RZV, as well as

incidence of graft-versus-host disease (GVHD) and confirmed cases of HZ after vaccination.

Between December of 2018 and June of 2020, patients aged $18 years received 2 doses of

RZV between 9 and 24 months after HCT, with the doses separated by $8 weeks. One

hundred and fifty-eight patients (mean age, 55 years; 42% women) received $1 dose (total

vaccinated cohort), and 150 patients (95%) received 2 doses (modified total vaccinated

cohort). Solicited reactions occurred in 92.1% of patients (grade 3, 32.5%), owing mostly

to injection site pain, which occurred in 86% (grade 3, 16%). The cumulative incidence of

GVHD in the peri-vaccination period was no different than in historical controls (adjusted

incidence rate ratio, 1.05; 95% confidence interval, 0.8-1.38). There were 4 cases of HZ in the

total vaccinated cohort (2.5%) and 3 cases in the modified total vaccinated cohort (28.3/1000

person-years). Among recipients of allogeneic HCT, RZV was safe, tolerable, and did not

increase rates of GVHD. Future clinical trials are needed to determine the immunogenicity

and efficacy of RZV in this population.

Introduction

Varicella zoster virus VZV reactivation in allogeneic hematopoietic cell transplantation (HCT) recipients
is common, with 20% to 53% of patients affected without the use of prophylactic strategies.1-4

Prolonged antiviral prophylaxis with acyclovir (ACV) or valacyclovir is the cornerstone of VZV prevention
in this population and has been shown to be effective in 2 randomized controlled trials (RCTs)5,6 and
multiple observational studies.7-11

ACV prophylaxis is recommended for $12 months following HCT; however, the duration of prophylaxis
varies among transplant centers, and rates of herpes zoster (HZ) remain higher in this population after
1 year.5,7,12 Furthermore, severe HZ still occurs with high morbidity and mortality despite antiviral
prophylaxis strategies.13

To better protect against VZV reactivation after allogeneic HCT, a vaccination approach has been
recommended by the American Society for Blood and Marrow Transplantation, the European Group of
Blood and Marrow Transplantation, and the Infectious Disease Society of America.12,14,15 The varicella
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vaccine (VARIVAX; Merck & Co., Whitehouse Station, NJ) can be
given to recipients .24 months from transplant who do not have
ongoing graft-versus-host disease (GVHD) and are not receiving
immunosuppression. The zoster vaccine live (ZVL) (ZOSTAVAX;
Merck and Co.) has been administered in single-center trials
and demonstrates overall safety; however, it is not widely
recommended.16,17

The recombinant zoster vaccine (RZV) (SHINGRIX, GlaxoS-
mithKline, Research Triangle Park, NC) contains VZV glyco-
protein E in combination with an adjuvant (AS01B).18 RZV was
approved by the US Food and Drug Administration in 2017 for
HZ prevention in immunocompetent adults older than 50 years
of age and is now recommended by the Advisory Committee on
Immunization Practices.19 Studies in specific groups, including
HIV, renal transplant, hematologic malignancy, solid organ
malignancy, and, importantly, autologous HCT have shown
overall safety and immunogenicity20-24; however, there are no
Advisory Committee on Immunization Practices recommenda-
tions in this population.

In this study, we evaluate the safety and reactogenicity of RZV in
adult allogeneic HCT recipients, including any effects on GVHD
occurrence or exacerbation given the presence of an adjuvant.

Methods

Study design and participants

This is a single-center prospective observational cohort study that
was conducted at the Dana-Farber Cancer Institute between
December of 2018 and June of 2020. As part of updated Dana-
Farber/Brigham and Women’s Hospital (DF/BWH) vaccination
guidelines, allogeneic HCT recipients were eligible for vaccination
with RZV if they were .9 months from the time of transplant. The
recommendation to use RZV was made by a multidisciplinary team
given the continued risk for VZV reactivation after ACV discontin-
uation, associated morbidity and mortality, improved safety profile of
RZV compared to zoster vaccine live (ZVL), and recent data
documenting safety in autologous HCT recipients.24

Adult allogeneic HCT recipients who were $18 years old at the
time of transplant, who were between 9 and 24 months from the
time of transplant, and who were deemed appropriate for RZV by
the treating clinician were eligible for the study. Patients who had

disease relapse prior to administration of the first dose of RZV
vaccination (V1) were excluded.

Patients were given 2 intramuscular doses (0.5 mL each) of RZV
separated by $8 weeks. Cohort A consisted of patients who
received V1 at 9 to 12 months after transplant in accordance with
DF/BWH vaccination guidelines. Cohort B consisted of patients
who received V1 at 12 to 24 months after transplant as part of
a “catch-up” vaccination effort (Figure 1). RZV was given alongside
other vaccines in the vaccine schedule (supplemental Data).
Patients were followed until June of 2020 and for $30 days after
final vaccination. Written informed consent was obtained from all
patients. This study was approved by the Office for Human
Research Studies at the Dana-Farber Cancer Institute and was
conducted per the Declaration of Helsinki.

Study end points

The primary end points were safety and reactogenicity in the total
vaccinated cohort (TVC), which included all participants who
received $1 vaccine dose. The secondary end points included
incidence and severity of GVHD in the TVC compared with
historical controls and the incidence rates of HZ in the TVC and
modified TVC (mTVC), which included only patients who received
both doses of the vaccine.

Assessment of reactogenicity and safety

Reactogenicity and safety data were collected in the TVC using
a standardized toxicity assessment.18,25 Reactogenicity was
measured with solicited injection-site reactions (pain, redness,
and swelling) and systemic reactions (fever, headache, fatigue,
gastrointestinal symptoms, myalgia, and shivering) on diary cards for
7 days after each vaccination. Solicited reactions were graded on
a scale from 0 (absent) to 3 (prevention of normal everyday activities
or injection-site reactions .100 mm). Unsolicited adverse events
(AEs) were collected for 30 days after each dose, and serious AEs
(SAEs) related to the study intervention were collected until the end
of the study follow-up period.

Assessment of GVHD, relapse, and death

Given concerns about potential immune-mediated disorders
(pIMDs) related to RZV, a subgroup observational cohort analysis
of cohort A was performed to determine differences in chronic

Weeks:

Clinician Visit:

Vaccination:

Symptom Diary:

Blood Draw:

Study Visit: M0 M1 M2 M3 M4 M5 M6

0-4  4  4
 8

Cohort A: Vaccine 1 at 9-12 months post-transplant
Cohort B: Vaccine 1 at 12-24 months post-transplant

Figure 1. Study design for participants receiving RZV. Stethoscopes

represent clinician visits that occurred on the day of V1 (M1), the day of

vaccine 2 (M3), 6 months after V1 (M5), and the most recent follow-up (M6).

Syringes represent RZV administration with $8 weeks between V1 and vac-

cine 2. Notebooks represent symptom diary collection that occurred at clini-

cian visits M1 and M3 and collected by study staff via telephone or e-mail.

Drops represent blood samples that were collected 0 to 4 weeks prior to V1

(M0), .4 weeks after V1 (M2), .4 weeks after vaccine 2 (M4), and at 10 to

14 months after V1 (M6), if follow-up allowed.
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GVHD (cGVHD), relapse, and death compared with historical
controls. Controls were Dana-Farber Cancer Institute patients
who underwent a single allogeneic HCT between January of
2015 and December of 2016 prior to RZV approval and who had
no relapse or death at 9 months after transplant. The concern in
the field is that the adjuvant, ASO1B, is most likely to cause an
aberrant immune response shortly after vaccination associated
with immune stimulation; thus, study patients were followed for
incidence and severity of cGVHD at 9, 12, and 15 months from
the time of transplant, as well as for death and relapse during this
period. Transplant demographics, cGVHD, relapse, and survival
data from historical control patients were retrieved from the
bone marrow transplant data repository of the Dana-Farber
Cancer Institute. Analysis of incidence rate ratios (IRRs) were
adjusted for factors known to influence GVHD, including age,
sex, HLA matching, GVHD prophylaxis medications, and source
of stem cells.

HZ case definition and incidence rate assessments

HZ cases were defined as (1) a new rash that was characteristic
(unilateral, dermatomal, painful, vesicular) and that was docu-
mented as HZ by a treating clinician or (2) an atypical rash or
suspected disseminated VZV infection that was confirmed by
VZV culture, direct fluorescent antibody detection, polymerase
chain reaction, or immunohistochemical staining on tissue
specimen.

HZ cases were ascertained by systematic chart review at the end of
the study period using prescription drug history for valacyclovir,
famciclovir, and IV formulation of ACV, as well as the search terms

“VZV,” “varicella,” “zoster,” and “shingles.” Additionally, treating
clinicians were instructed to report all HZ cases to study staff
throughout the study period. Patients who met the above criteria
underwent manual chart review by 2 investigators to confirm
HZ cases.

Incidence ratios (IRs) were calculated for the TVC, mTVC, and the
subgroup of patients who discontinued antiviral prophylaxis during
the study period.

Statistical analysis

Descriptive statistics were reported as mean with standard
deviation, median with interquartile range (IQR), or frequency with
percentage. For the safety data analysis, 95% confidence intervals
(CI) for the estimated proportions of individuals experiencing AEs
were calculated using the exact Clopper-Pearson binomial pro-
portion approach as the result of some proportions being close to
0 or 1.

The cumulative incidence (with 95% CI) of cGVHD, cGVHD
severity, relapse, and death were calculated for cases and controls
at predefined follow-up time points. Individuals were right censored
at their final visit or the end of the study; death was treated as
a competing risk and accounted for in the cumulative incidence
calculations. The IRR for cGVHD, relapse, and death for cases
and controls was calculated using Poisson regression with a log
link and robust standard errors; follow-up was up to 24 months
after transplant in cases and controls, and a log offset was used
to account for individual follow-up. A 95% CI was constructed
for the IRR to explore the hypothesis that the IRR will be near 1.0.
An adjusted analysis was performed for cGVHD by including age

Cohort A (V1 9-12 months)

n = 127

Died: 1
Relapsed: 8
Withdrew consent: 1

Died: 2
Relapsed: 0
GVHD / IS: 3
SAE: 0
Withdrew consent: 0
Migrated from study area: 0
Delayed due to COVID-19: 3

Died: 0
Relapsed: 0
GVHD / IS: 0
SAE: 0
Withdrew consent: 0
Migrated from study area: 0
Delayed due to COVID-19: 0

V1 Received  24 months: 7
Relapsed: 2
Withdrew consent: 1

n = 117

104 Diaries
2

39 Diaries
2

116 Diaries
1 39 Diaries

1

n = 109

n = 106

Diary 2

Visit 2 (Vaccine 2)

Diary 1

Visit 1 (Vaccine 1)

Enrolled

Visit 3 (6-month follow up)3

Visit 4 (last follow up)4 n = 106

n = 37

n = 37

n = 41

n = 41

n = 51

Cohort B (V1 13-24 months)

Figure 2. Participant flow. Cohort A received V1 between 9 and 12 months after HCT. Cohort B received V1 between 13 and 24 months after HCT. Participants who did

not return symptom diaries were monitored at the subsequent clinician visit for unsolicited AEs and SAEs. 1Three of 3 participants with missing diaries had follow-up visits with

no SAE. One patient died secondary to infection not related to trial intervention. 2Six of 7 participants with missing diaries had follow-up visits with no SAE or death. 3Six of 7

participants who did not have follow-up after V2 returned diaries and were monitored for SAEs at 30 days. Lack of follow-up was attributed primarily to COVID-related delays.
4Sixteen participants had #6-month follow-up after V1. IS, immunosuppression.
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(continuous), sex (dichotomous), acute GVHD prophylaxis regimen
(7 levels), source of stem cells (dichotomous), and HLA matching
(dichotomous). Age was assessed for having a nonlinear effect on
the response using Akaike information criterion. Because there
were few relapse and death events, a propensity score analysis was
used for the relapse and death outcomes. Specifically, a binary
logistic regression model including the aforementioned covariates
was fit predicting case and control status; propensity score
trimming was not necessary. Stabilized inverse probability of
treatment weighting was used to account for propensity scores,
and robust standard errors were used to account for correlation
introduced through weighting. Adequacy of the propensity score
balancing was determined by calculating the standardized mean
differences of covariates between study groups; a difference ,0.2
was considered appropriate.

The IR of HZ following initial vaccination was calculated in the
TVC and mTVC in which follow-up was right censored at
relapse, death, or end of follow-up. Patients who had HZ within
30 days of vaccine 2 (V2) were excluded from the mTVC
analysis. A sensitivity analysis was performed looking at follow-up

only in individuals who discontinued antiviral prophylaxis. A
cumulative incidence curve was constructed for the mTVC,
treating relapse and death as competing risks. All testing was 2

Table 1. HZ characteristics of participants

HZ and vaccine characteristics Data

VZV Immunoglobulin G

Positive 146 (92)

Negative 9 (6)

Indeterminate 3 (2)

HZ prior to transplant

Yes 22 (14)

No 135 (85)

Unknown 1 (1)

ZVL prior to transplant

Yes 29 (18)

No 113 (72)

Unknown 16 (10)

Time from transplantation to V1, median (IQR), d 280.50 (267.0-407.0)

Time between V1 and V2, median (IQR), d 91.0 (70.0-105.0)

Active chronic GVHD

At V1 60 (38)

At V2* 61 (41)

Systemic immunosuppression

At V1 112 (71)

At V2 90 (60)

Coadministered vaccines

At V1 148 (94)

At V2 126 (84)

Antiviral prophylaxis†

At V1 157 (99)

At V2 147 (98)

Unless otherwise indicated, data are n (%).
*Missing data (n 5 1).
†Antiviral treatment with activity against VZV used as prophylaxis against HZ, herpes

simplex virus, or cytomegalovirus.

Table 2. Participant demographics

Participant characteristics Data

Age, mean 6 SD (range), y 55.05 6 13.83 (19-76)

Sex

Male 91 (58)

Female 67 (42)

Race

White 137 (87)

Asian 7 (4)

Black or African-American 4 (3)

Other 10 (6)

Primary indication for transplant

AML 53 (34)

MDS 29 (18)

ALL 24 (15)

MPD 12 (8)

Anemia, red cell disorder 9 (6)

NHL 10 (6)

Other* 21 (13)

Regimen

Myeloablative 55 (35)

Nonmyeloablative 103 (65)

Donor

Matched related 24 (15)

Mismatched related 23 (15)

Matched unrelated 87 (55)

Mismatched unrelated 24 (15)

Source of stem cells

Peripheral blood 118 (75)

Bone marrow 37 (23)

Cord blood 3 (2)

GVHD prophylaxis medications

Tacrolimus 155 (98)

Sirolimus 54 (34)

Methotrexate 98 (62)

Mycophenolate mofetil 39 (25)

CD34 selection 1 (1)

Other 38 (24)

Acute GVHD 48 (30)

Skin 41 (85)

Gastrointestinal 13 (27)

Liver 4 (8)

Unless otherwise indicated, data are n (%).
ALL, acute lymphocytic leukemia; AML, acute myeloid leukemia; MDS, myelodysplastic

syndrome; MPD, myeloproliferative disorder; NHL, non-Hodgkin lymphoma; SD, standard
deviation.
*CLL, chronic lymphocytic leukemia; CML, chronic myelogenous; HL, Hodgkin lym-

phoma; other indication.
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tailed, and P values , .05 were considered statistically significant.
Analyses were performed using SAS 9.4 (SAS Institute Inc.,
Cary, NC).

Results

Study participants

Of the 178 volunteers who consented to participate, 158 received
V1 (TVC group), and 150 (95%) received V2 (Figure 2). One
hundred seventeen of 158 (74%) volunteers received V1 9 to
12 months after HCT (cohort A), whereas 51 of 158 (26%)
volunteers received V1 13 to 24 months after HCT (cohort B), with
a median time from HCT to V1 of 280 days (IQR, 267-407) and
a median time between V1 and V2 of 91 days (IQR, 70-105)
(Table 1). Cumulative follow-up time was 109 person-years (PYs) in
the TVC and 13.6 PYs after discontinuation of ACV prophylaxis.

Participants had a mean age of 55 years (range, 19-76) and were
predominantly male (58%) and white (87%); acute myeloid leukemia
(34%) and myelodysplastic syndrome (18%) were the most common
indications for HCT (Table 2). The majority (92%) had positive VZV
immunoglobulin G serologies, and the minority reported a history of
HZ (14%) or administration of ZVL (18%) prior to HCT. At the time of
V1, 38% of participants had active cGVHD; 71% and 60% were on
systemic immunosuppression at the time of V1 and V2, respectively.
Ninety-eight percent of participants remained on antiviral prophylaxis
from the time of HCT through administration of V2.

Reactogenicity and safety

Solicited AEs were collected in 155 of 158 (98%) participants for
V1 and 143 of 150 (95%) participants for V2 (Figure 2). The
majority of participants had coadministered vaccines at V1 (94%)
and V2 (84%) (Table 1). Overall, solicited reactions within 7 days of
vaccination occurred in 92.1% of participants (Table 3). Solicited
injection site reactions occurred in 87.3% (grade 3, 18.7%), owing
mostly to injection site pain, which occurred in 86% (grade 3 16%).
Injection site reactogenicity was similar after V1 (78.1%) and V2
(75.5%). Solicited general reactions occurred in 82.8% (grade
3 26.5%); fatigue (70.2%) and myalgia (50.7%) were the most
common general symptoms reported. General symptoms were also
similar after V1 (67.7%) and V2 (66.4%).

During the 30-day postvaccination period, unsolicited AEs were
reported in 7.3% of participants; 4% were deemed related to the
trial intervention. Two SAEs (1.3%) were identified and considered
possibly related to vaccination: hospitalization for metabolic
acidosis and weakness 3 days after V1 and hospitalization for fever
and weakness 3 days after V1. During the study period, there were
5 (3.2%) deaths; they were secondary to disease relapse and
infection and were not considered related to vaccination.

Table 3. Safety and reactogenicity in TVC

Data

AEs

Any grade 139/151 (92.1); 86.5-95.8

Grade 3 49/151 (32.5); 25.1-40.5

Injection site AEs

All types

Any grade 131/150 (87.3); 80.9-92.2

Grade 3 28/150 (18.7); 12.8-25.8

Pain

Any grade 129/150 (86.0); 79.4-91.1

Grade 3 24/150 (16.0); 10.5-22.9

Redness

Any grade 34/149 (22.8); 16.3-30.4

Grade 3 7/149 (4.7); 1.9-9.4

Swelling

Any grade 34/149 (22.8); 16.3-30.4

Grade 3 3/149 (2.0); 0.4-5.8

General AEs

Any AE

Any grade 125/151 (82.8); 75.8-88.4

Grade 3 40/151 (26.5); 19.6-34.3

Fever

Any grade 34/149 (22.8); 16.3-30.4

Grade 3 4/149 (2.7); 0.7-6.7

Headache

Any grade 69/150 (46.0); 37.8-54.3

Grade 3 10/150 (6.7); 3.2-11.9

Fatigue

Any grade 106/151 (70.2); 62.2-77.4

Grade 3 27/151 (17.9); 12.1-24.9

Gastrointestinal

Any grade 58/150 (38.7); 30.8-47.0

Grade 3 8/150 (5.3); 2.3-10.2

Myalgia

Any grade 88/149 (59.1); 50.7-67.0

Grade 3 17/149 (11.4); 6.8-17.6

Shivering

Any grade 54/150 (36.0); 28.3-44.2

Grade 3 11/150 (7.3); 3.7-12.7

Unsolicited AEs

Within 30 d of vaccination 11/150 (7.3); 3.7-12.7

Related to trial intervention* 6/150 (4.0); 1.5-8.5

SAEs†

Within 30 d of vaccination‡ 2/150 (1.3); 0.2-4.7

Within total follow-up period 2/150 (1.3); 0.2-4.7

Table 3. (continued)

Data

Relapse of malignancy 13/158 (8.2); 4.5-13.7

Death 5/158 (3.2); 1.0-7.2

Participants with missing symptom diaries at V1 or V2 were removed for missing data
unless grade 3 was reported. Data are n/N (%); 95% CI.
*The 6 unsolicited AEs related to the trial intervention were injection site pain (n 5 1),

bone pain (n 5 1), pruritus (n 5 2), rash (n 5 1), and dizziness (n 5 1).
†SAEs were defined as events that were life-threatening, required hospitalization or

prolonged hospitalization, or resulted in disability or incapacity or birth defect in offspring.
‡The 2 SAEs that may be related to vaccination were hospitalization for metabolic

acidosis and weakness 3 days after V1 and hospitalization for fever and weakness 3 days
after V1.
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GVHD, relapse, and mortality

Disease-related outcomes were assessed prevaccination at
9 months after HCT (116 cases, 282 controls) and postvaccination
at 12 months (111 cases, 259 controls) and at 15 months (82
cases, 233 controls). Follow-up time was variable, with 50 cases
reaching 18 months of follow-up and 5 cases reaching 24 months
of follow-up. The cumulative incidence of cGVHD in cohort A was
0.45 (95% CI, 0.36-0.54), 0.57 (95% CI, 0.47-0.65), and 0.60
(95% CI, 0.5-0.68) at 9, 12, and 15 months after HCT, respectively,
compared with 0.42 (95% CI, 0.36-0.48), 0.56 (95% CI, 0.5-0.62),
and 0.6 (95% CI, 0.54-0.66) in historical controls (unadjusted IRR,
1.1; 95% CI, 0.84-1.44 and adjusted IRR, 1.05; 95% CI, 0.8-1.38).
Controls had a higher cumulative incidence of severe GVHD at all
3 time points, although this did not reach statistical significance.
Patients on immunosuppression at the time of vaccination (n 5 94)
had a higher prevaccination rate for chronic GVHD compared with
those not on immunosuppression (n5 22) (0.52 vs 0.13), and they
also experienced a higher incidence of chronic GVHD in the peri-
vaccination period between 9 and 15 months (IRR, 4.3; 95% CI,
1.04-17.72).

There was no evidence of a difference in the rates of relapse
(unadjusted IRR, 1.15; 95% CI, 0.57-2.35 and adjusted IRR, 0.97;
95% CI, 0.46-2.04) or mortality (unadjusted IRR, 0.61; 95% CI,
0.21-1.74 and adjusted IRR, 0.41; 95% CI, 0.14-1.25) between
participants and historical controls in the peri-vaccination period
(9-15 months post-HCT).

Efficacy

During the study period, 4 of 157 (2.5%) patients experienced an
episode of HZ at a median of 705 days (range, 383-911) after HCT,
a median of 76.5 days (range, 10-115) after V2, and a median of
25.5 days (range, 9-206) after discontinuation of antiviral pro-
phylaxis (Table 4). The time between V1 and V2 varied (range, 49-
140 days) in comparison with the study median of 91 days (IQR,
70-105) (Table 4). No patient was taking immunosuppressive
medications at the time of HZ. One case (0.6%, 1/109 PYs) was
fatal, presenting as disseminated vesicular rash, pneumonitis, and
hepatitis in a cord blood recipient.

The incidence of HZ was 36.7/1000 PYs with a median follow-up
of 263 days (IQR, 172-350) in the TVC and 28.3/1000 PYs with
a median follow-up of 281 days (IQR, 190-354) in the mTVC
(Figure 3). Thirty-four (21.5%) participants discontinued antiviral
prophylaxis after receiving both doses of RZV at a median of
544 days (IQR, 442-718) post-HCT. HZ occurred in 4 of 34
patients (11.8%) with a median follow-up of 113 days (IQR, 44-
204) after discontinuation.

Discussion

Two doses of RZV demonstrated safety and tolerability in allogeneic
HCT without increased rates of cGVHD, relapse, or death, as well
as overall low rates of breakthrough HZ compared with historical
controls. As reported previously, RZV is more reactogenic than
placebo.18,25 Solicited reactions were reported in the majority
of participants; they occurred more frequently than in healthy
adults18,25 but at rates similar to autologous HCT recipients.24

Grade 3 general symptoms occurred at a higher rate than did
those reported in other immunocompromised populations.20-24 T
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Vaccines were coadministered with RZV in the majority of
participants which may have led to a higher incidence of solicited
AEs than if RZV was administered alone. Furthermore, many
participants reported baseline disease and treatment-related
symptoms that overlapped with solicited general symptoms. This
may have contributed to the higher rates of grade 3 reactions
observed. Despite the reactogenicity, there was high accept-
ability of the vaccine, with 95% of participants completing V2;
the reasons why the remaining 5% did not receive V2 were
attributed to clinical or logistical barriers (Figure 2). Unsolicited
AEs related to the vaccine and SAEs were also infrequent and
similar to other cohorts.20-24

Although there have been concerns related to pIMDs with the use
of the RZV novel adjuvant AS01B system, there was no increased
incidence or severity of cGVHD observed in the subgroup that was

vaccinated between 9 and 12 months compared with historical
controls in the peri-vaccination 9 to 15–month period. This finding is
in keeping with renal transplant recipients who did not experience
higher rates of solid organ rejection21 and healthy adults who did
not have increased pIMDs after RZV.18,25

Many participants received RZV with active cGVHD and/or ongoing
immunosuppression (60-71%) and had similar disease-related
outcomes compared with historical controls. Patients on immuno-
suppression during vaccination had a higher IRR of cGVHD in the
peri-vaccination period compared with those not on immunosup-
pression; however, they also likely represent a cohort with a higher
baseline risk for alloreactivity. VARIVAX and ZVL are strictly
contraindicated in this subgroup of transplant recipients15,26;
therefore, RZV can be administered more generally in this highly
immunocompromised and heterogenous population.
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Figure 3. Cumulative incidence and incidence rates of HZ during the study.
1Cumulative follow-up period is the sum of follow-up periods censored at the occurrence of

HZ, relapse, or death. Patients were followed from V1 to study end (June of 2020). 2One participant was excluded from the TVC because an episode of HZ occurred before

V1. 3Participants who developed HZ ,30 days from V2. Participants excluded from the mTVC include 8 patients who did not receive V2, 4 patients who relapsed before V2,

and 1 patient who had HZ prior to 30 days after V2. 4The median follow-up time at risk was 157 days (IQR, 84-237) in the mTVC. Eleven patients did not reach 30 days at

risk, including 7 patients without follow-up after V2, 2 patients with ,30 days follow-up after V2, and 2 patients with relapse at ,30 days follow-up after V2.
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Through prospective case collection, we found an IR of 28.34/1000
PYs for HZ in the mTVC, which is higher than that seen after RZV in
healthy older adults (IR, 0.8/1000 PYs)25 but similar to autologous
HCT recipients (IR, 30.0/1000 PYs).24 RZV immune response may
be lower after allogeneic HCT than after autologous HCT; however,
this finding has not been validated using vaccine-specific B- and
T-cell responses, and the relationship with efficacy has not been
determined.27 Allogeneic HCT recipients currently experience a 4%
to 9% incidence of VZV reactivation at 2 years posttransplant,
despite extended ACV prophylaxis.5,7,28-30 Our observed incidence
(2.5%) was lower with longer median follow-up. Although RZV likely
offers additional protection, larger prospective RCTs are needed to
determine efficacy.

There was 1 fatal case of disseminated HZ during the study period
in a patient with T-cell acute lymphocytic leukemia after cord blood
transplantation; it occurred 1668 days post-HCT off ACV pro-
phylaxis. Although this patient was on hemodialysis, he was off
immunosuppression, and there was no notable immune deficiency
(absolute lymphocyte count, immunoglobulin levels) in the months
prior to the event. We previously described that severe HZ
continues to occur after allogeneic HCT with an IR of 1/228 PYs,
despite extended antiviral prophylaxis, with a peak in the 12 to
24–month posttransplant period.13

The timing of RZV was determined by expert consensus and in
concordance with administration of other nonlive vaccines. Patients
may benefit from alternative dosing schedules, including delay of
series in those on immunosuppression or consideration of pretrans-
plant dosing of donor or recipient to generate immune memory,
such as has been evaluated with pneumococcal vaccination.31

Discontinuation of antiviral prophylaxis was left to the discretion of
the treating clinician. Notably, there was a case of HZ 10 days after
V2, suggesting that ACV should be continued for some time after
series completion. Immunogenicity data are forthcoming and will
help to guide decision making about vaccination timing and the
duration of antiviral prophylaxis.

As a study of the DF/BWH vaccination protocol, it was limited to
a single center, and there was no prospective control group.
Comparison of cGVHD, relapse, and mortality were limited to
historical controls, and small event rates for relapse and mortality
must be interpreted with caution. Study participants received
vaccination based on clinician discretion and, therefore, may
represent a healthier subgroup of allogeneic HCT recipients.
Furthermore, the population was predominantly white (87%),
limiting generalizability. Lastly, the short follow-up limits the
assessment of durability of RZV response, and findings might not
reflect long-term efficacy.

In summary, among recipients of allogeneic HCT, RZV was safe,
tolerable, and did not increase rates of GVHD. There were few
breakthrough cases of HZ in this cohort; however, future RCTs are
needed to determine vaccine efficacy.
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