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A B S T R A C T
The safety and efficacy of the severe acute respiratory syndrome coronavirus-2 (SARS-CoV2) emergency-use
authorized (EUA) vaccines have been confirmed in the general population. However, there are no data on its safety
and tolerability or efficacy in recipients of allogeneic hematopoietic stem cell transplant (HCT). We performed this
study to identify the incidence of adverse events following SARS-CoV2 EUA vaccines, the incidence of new-onset
graft-versus-host disease (GVHD) or worsening of existing GVHD after EUA vaccine administration, and the inci-
dence SARS-CoV2 positivity in vaccinated HCT patients. We retrospectively reviewed 113 HCT patients who
received at least one dose of EUA vaccine to describe the safety and tolerability, any impact on GVHD, and the inci-
dence of SARS-CoV2 PCR positivity after vaccination. Patients received either Pfizer (BNT162b2) or Moderna
(mRNA-1273) vaccines. Patients were included if they were 18 years or older and had received at least one dose
of vaccine in the post-HCT setting. Most patients presented with myalgias/arthralgias (first dose, 7.7%; second
dose, 14.6%), fatigue (first dose, 15.4%; second dose, 29.2%), and injection site pain (first dose, 40.4%; second dose,
43.8%). Other side-effects experienced by patients included nausea, vomiting, diarrhea, headache, and injection-
site rash and swelling. Liver function abnormalities occurred in 18.6% of patients. Neutropenia, thrombocytopenia,
and lymphopenia occurred in 13.3%, 11.5%, and 8.8% of patients, respectively. Forty percent of patients had active
chronic GVHD at the time of vaccination, and worsening chronic GVHD occurred in 3.5% of the patients. New
chronic GVHD developed in 9.7% of patients after vaccination. The SARS-CoV2 EUA vaccines were well tolerated in
allogeneic HCT recipients.
© 2021 The American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
Key Words:

Severe acute respiratory syn-
drome coronavirus-2 (SARS-
CoV2)
COVID-19 vaccine
BNT162b2
mRNA-1273
Allogeneic hematopoietic stem
cell transplantation
Graft-versus-host disease
dgments on page 938.e5.
ests: Haris Ali, Hematology and Hemato-
Hope, 1500 E. Duarte Road, Duarte, CA

(H. Ali).

.008
ciety for Transplantation and Cellular Therapy. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
/licenses/by-nc-nd/4.0/)
INTRODUCTION
Severe acute respiratory syndrome coronavirus-2 (SARS-

CoV2) is a novel coronavirus emerging from Wuhan, China,
that can cause severe respiratory illness and a myriad of other
complications now referred to as COVID-19. This disease was
declared a pandemic by the World Health Organization in
March 2020 and has affected hundreds of millions of people
worldwide [1]. COVID-19 clinical presentations can vary
greatly among patients, and those who are at highest risk for
severe illness that could lead to hospitalization and/or death
include older age, obesity, diabetes, and an immunocompro-
mised state, among other conditions [2].
Since December 2020, three vaccines have been approved
under an Emergency Use Authorization (EUA) protocol in the
United States: Pfizer-BioNTech COVID-19 (BNT162b2) messen-
ger RNA (mRNA) vaccine, Moderna COVID-19 (mRNA-1273)
mRNA vaccine, and Johnson & Johnson/Janssen (Ad26.COV2.S)
adenovirus vaccine.

The Pfizer-BioNTech BNT162b2 and Moderna mRNA-1273
vaccines are both formulated as a lipid nanoparticle-encapsu-
lated mRNA encoding the SARS-CoV2 prefusion-stabilized full-
length spike protein. Both mRNA vaccines are a two-dose
series separated by 21 days or 28 days, depending on which
vaccine is administered. Both the Pfizer-BioNTech BNT162b2
and Moderna mRNA-1273 vaccines had greater than 90% effi-
cacy with tolerable safety profiles [3-7]. Among BNT162b2
recipients, 26.7% reported adverse events compared with
12.2% of those receiving a placebo; these adverse events
included local injection site reactions, pyrexia, fatigue, chills,
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Table 1
Baseline Characteristics of Patients Included in Analysis

Characteristic Value

Age at vaccination (yr), median (range) 66.5 (22-77)

Days after transplant at vaccination,
median (range)

588 (100-11,004)

Vaccine received, n (%)

BNT162b2 (Pfizer-BioNTech) 49 (43.4)

mRNA-1273 (Moderna) 64 (56.6)

Sex, n (%)

Male 78 (69.0)

Female 35 (31.0)

Primary diagnosis at HCT, n (%)

Acute myeloid leukemia 51 (45.1)

Acute lymphocytic leukemia 9 (8.0)

Myelodysplastic syndromes 20 (17.7)

Myelofibrosis 18 (15.9)

Other 15 (13.3)

Donor type, n (%)

Matched related 26 (23.0)

Matched unrelated 53 (46.9)

Mismatch unrelated 15 (13.3)

Haploidentical 19 (16.8)

Immunosuppressant for GVHD, n (%)

Yes 74 (65.5)

No 39 (34.5)

Corticosteroid use for GVHD, n (%) 15 (13.3)

Prior COVID-19 positive test, n (%) 4 (3.5)

Completed patient survey to assess tolerability, n (%) 36 (31.9)

Time to survey response after first dose (d),
median (range)

35 (2-108)
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myalgia/arthralgia, nausea, and headache [3-5,8]. Similarly,
mRNA-1273 had higher solicited adverse events compared
with placebo with grade 3 or 4 systemic adverse events occur-
ring in 15.8% of recipients after the second dose of vaccine,
with manifestations like those reported for BNT162b2 [6-8].
These two EUA vaccines in registration clinical trials had very
low rates of serious adverse effects.

Cancer is a risk factor for developing severe COVID-19,
which can be attributed to immunosuppression from the
underlying disease and/or therapeutic interventions for treat-
ing the cancer [9]. In particular, among patients with hemato-
logic malignancy and hematopoietic stem cell transplant
(HCT) recipients, the mortality from COVID-19 is significantly
higher than in the general population [10-12]. The risk of
increased mortality can be due to various factors, such as type
of hematologic malignancy, chemotherapy regimens used,
neutropenia, lymphopenia, type of conditioning regimen used
in preparation for HCT, ongoing immunosuppressive medica-
tions for the prevention of graft-versus-host disease (GVHD),
or active treatment of GVHD after HCT [13,14]. None of the
clinical trials of SARS-CoV2 EUA vaccines included immuno-
compromised patients, specifically HCT recipients [3-7]. Pre-
vention of COVID-19 in HCT recipients is the key intervention
and requires a multifaceted approach. The best intervention
would be vaccinating healthy caregivers, but that was not a
reality due to the initial vaccine shortage during the pandemic.
Furthermore, the National Comprehensive Cancer Network,
American Society for Transplantation and Cellular Therapy,
and American Society of Hematology have recommended vac-
cinating allogeneic HCT patients based on specific guidance
relating to time from HCT and other factors. The decision mak-
ing is complex when compared with the general population,
as the provider must balance the patient’s higher risk for
severe COVID-19 due to immunosuppressed state against the
likelihood of a poor vaccine response [15,16]. Currently, there
is no information on the safety of EUA vaccines in HCT patients
and the potential impact on GVHD.

Given the lack of safety and tolerability data in the HCT
population, we performed this study to identify the incidence
of adverse events following SARS-CoV2 EUA vaccines. We also
reviewed the incidence of new-onset GVHD or worsening of
existing GVHD after EUA vaccine administration and the inci-
dence of SARS-CoV2 positivity in vaccinated HCT patients.

MATERIALS ANDMETHODS
Study Design

This retrospective study was performed at City of Hope National Medical
Center, which collected data from electronic medical records to identify HCT
patients who received at least a dose of SARS-CoV2 EUA vaccine between
December 2020 and April 2021. Patients at our institution during the study
period could only receive the Pfizer-BioNTech (BNT162b2) and Moderna
(mRNA-1273) vaccines. Inclusion criteria included patients 18 years of age or
older and who had received at least one dose of vaccine in the post-HCT set-
ting. There were no exclusion criteria. Additional details about potential side-
effects following vaccination were gathered by voluntary COVID-19 vaccine
surveys (see Supplementary Figure S1) offered to patients by their physicians
that were entered into the patients’ medical records. Patients were required
to have at least one physician follow-up assessment after a minimum of 1
week following the first dose of vaccine; in addition, only physician assess-
ments within 40 days after receiving their last dose of vaccine were included
in the analysis. The initial follow-up period was intended to be 30 days, but
due to the retrospective nature of this study it had to be extended to 40 days
to ensure adequate capture of physician assessments following vaccination.
This study was approved by an institutional review board.

Endpoints and Definitions
The primary endpoint was the incidence of patient-reported and clinical

laboratory adverse events from the BNT162b2 or mRNA-1273 vaccines up to
40 days after the final vaccine dose. Patient-reported adverse events required
documentation by a physician of vaccine tolerability or a response to a
voluntary COVID-19 survey from the patient to be considered evaluable. The
incidence rate was reported based on the vaccination dose received by the
patient. The severity of patient-reported adverse events (e.g., fevers, myal-
gias) could not be graded by Common Terminology Criteria for Adverse
Events (CTCAE), version 5.0, due to insufficient details regarding severity in
the physician documentation to appropriately grade these adverse events. As
a result, patient-reported adverse events were reported as incidence rates.
Baseline laboratory parameters such as white blood cell count, absolute neu-
trophil count, absolute lymphocyte count, platelets, eosinophils, serum creat-
inine, and liver function tests were collected. Abnormalities in laboratory
parameters following vaccination were documented, and severity was
graded using CTCAE v5.0 for newly developed abnormalities or worsening of
severity from baseline after vaccination; the highest grade was used for anal-
ysis. Grading for acute GVHD using the Mount Sinai Acute GVHD Interna-
tional Consortium criteria or for chronic GVHD using the National Institutes
of Health consensus criteria was not consistently available in physician docu-
mentation. Therefore, the incidence of new or worsening of GVHD was deter-
mined based on documentation in the electronic medical record of an
intervention for GVHD, such as increasing the dose of current GVHD medica-
tions not due to subtherapeutic levels or initiation of a medication to treat
GVHD. The onset of new or worsening GVHD was required to have occurred
within 40 days of receiving the last vaccine dose to be included in the study
results. Clinical laboratory adverse event and GVHD incidences were reported
as cumulative rates. The incidence of positive SARS-CoV2 viral infection,
symptomatic COVID-19 infection, and/or COVID-19 complications following
vaccination was collected throughout the study period with frequency of
testing based on institutional policies and physician discretion. A SARS-CoV2
test was deemed positive if a nasal swab, nasopharyngeal swab, or saliva
tested positive for SARS-CoV2 via nucleic acid amplification, or antigen test
[17,18].
RESULTS
Patient Characteristics

There were 113 patients who met inclusion criteria with
baseline characteristics summarized in Table 1. Eight patients



Table 3
Clinical Laboratory Adverse Effects After COVID-19 Vaccination

Adverse Effect Incidence

Hepatic impairment, n (%) 21 (18.6)

Grade 1 16 (14.2)

Grade 2* 3 (2.6)

Grade 3 1 (0.9)

Grade 4* 1 (0.9)

Time to evaluation of hepatic impairment (d),
median (range)

26 (3-66)

Neutropenia,y n (%) 15 (13.3)

Grade 1 6 (5.3)

Grade 2 5 (4.5)

938.e3 H. Ali et al. / Transplantation and Cellular Therapy 27 (2021) 938.e1�938.e6
did not have a documented second dose in the electronic med-
ical record and as a result were only followed for 40 days after
the first vaccine dose. Median age at vaccination was 66.5 years
(range, 22-77), with a median of 588 days (range, 100-11,004)
post-HCT at the time of vaccination. Patients received either
the BNT162b2 (43.4%) or mRNA-1273 (56.6%) vaccine. At the
time of the first dose of the vaccine, 65% of patients were on
immunosuppressants for the prevention or treatment of
GVHD, with 13.3% of those patients on a corticosteroid at a
median dose of 5 mg/day (range, 1.25-30). Four patients had a
history of positive SARS-CoV2 test via PCR prior to vaccination.
Of the four patients with a positive test, two tested negative by
PCR prior to vaccination, and the status of the other two was
not known. Median follow-up for patients who received both
vaccines was 49 days (range, 12-70), with a median of two
physician assessments (range, 1-13) to evaluate for safety.

Patient-Reported Adverse Effects
Only 36 of the 113 patients (31.9%) responded to the survey

to assess adverse effects after vaccination was completed. The
median time to survey response from the first dose of vaccine
received was 35 days (range, 2-108). In addition to these 36
patients, physician documentation of patient-reported adverse
events occurred in 16 patients during their first dose and 12
patients during the second dose of vaccine, which resulted in
52 and 48 patients being evaluable, respectively. As summa-
rized in Table 2, the major adverse events experienced by
patients were myalgias, arthralgias, fatigue, and injection site
pain. Due to varying physician practices and inconsistent fre-
quency of laboratory monitoring, resolution times of toxicities
may have been overestimated and are not presented here.
Rates of myalgia and arthralgia from the first dose and the sec-
ond dose of vaccine were reported to be 7.7% and 14.6%,
respectively. There was a difference in rate of fatigue between
Table 2
Patient-Reported Adverse Effects After COVID-19 Vaccination

n (%)

First Dose (N = 113) Second Dose (N = 105)

Evaluable patients, n (%) 52 (46.0) 48 (45.7)

Fever

Yes 1 (2.0) 2 (4.2)

No 51 (98.0) 46 (95.8)

Chills

Yes 2 (3.8) 2 (4.2)

No 50 (96.2) 46 (95.8)

Myalgias/arthralgias

Yes 4 (7.7) 7 (14.6)

No 48 (92.3) 41 (85.4)

Fatigue

Yes 8 (15.4) 14 (29.2)

No 44 (84.6) 34 (70.8)

Injection site pain

Yes 21 (40.4) 21 (43.8)

No 31 (59.6) 27 (56.2)

Other symptoms

Yes 8 (15.4)* 8 (16.7)y

No 44 (84.6) 40 (83.3)

* Included nausea, vomiting, diarrhea, headache, and rash, as well as a
patient developing pneumonia.

y Included nausea, vomiting, diarrhea, gastrointestinal upset, injection site
rash and swelling, axillary lymphadenopathy, headache, and change in taste,
as well as a patient who had hypertension/tachycardia.
the first and second dose, with the incidence of fatigue being
13.8% higher after the second dose. Injection site pain after the
first and second doses occurred in 40.4% and 43.82% of the
patients, respectively, which was much lower than reported
with the registration trial for BNT162b2 (71%-83% for the first
dose and 66%-78% for the second, depending on age) and
mRNA-1273 (83.7% for the first dose and 88.2% for the second
dose) [3-7]. Other side-effects experienced by patients
included nausea, vomiting, diarrhea, headache, and injection-
site rash and swelling. One patient had axillary lymphadenop-
athy on the arm of the injection site, and another patient expe-
rienced increased blood pressure and tachycardia shortly after
receiving the vaccine.
Clinical Laboratory Adverse Effects
The cumulative incidence rates of clinical laboratory

adverse events for all patients who received at least one dose
of vaccine are summarized in Table 3. As mentioned previ-
ously, eight patients received only one dose of vaccine and had
Grade 3 0 (0)

Grade 4y 4 (3.5)

Time to evaluation of neutropenia (d),
median (range)

20.5 (3-49)

Thrombocytopenia, n (%) 13 (11.5)

Grade 1 6 (5.3)

Grade 2 3 (2.6)

Grade 3z 2 (1.8)

Grade 4z 2 (1.8)

Time to evaluation of thrombocytopenia (d),
median (range)

34 (6-66)

Lymphopenia, n (%) 10 (8.8)

Grade 1 3 (2.7)

Grade 2 3 (2.7)

Grade 3x 4 (3.5)

Grade 4x 0 (0)

Time to evaluation of lymphopenia (d), median (range) 19.5 (10-55)

Eosinophilia, n (%) 5 (4.4)

Time to evaluation of eosinophilia (d), median (range) 28 (13-58)

* Two out of the three patients with grade 2 hepatic impairment had base-
line grade 1 hepatic impairment. The patient with grade 4 hepatic impairment
had baseline grade 1 hepatic impairment prior to receiving the vaccine and
had recently been started on azole for antifungal prophylaxis.

y Five patients were actively on chemotherapy, and three patients experi-
enced grade 4 neutropenia.

z Two patients were actively on chemotherapy; one patient experienced
grade 3 and another experienced grade 4 thrombocytopenia. One patient had
baseline grade 2, and another had baseline grade 3 thrombocytopenia prior to
receiving vaccine.

x All patients with grade 3 and 4 lymphopenia had baseline lymphopenia
prior to receiving the vaccine.



Ta
bl
e
4

Su
m
m
ar
y
of

Re
po

rt
ed

Ca
se
s
of

N
ew

or
W

or
se
ni
ng

G
V
H
D
In
ci
de

nc
es

A
ft
er

V
ac
ci
na

ti
on

A
ct
iv
e
G
V
H
D
Pr
io
r

V
ac
ci
ne

(L
oc

at
io
n)

O
ns

et
A
ft
er

V
ac
ci
na

ti
on

(d
)

W
or
se
/N

ew
Lo

ca
ti
on

In
te
rv
en

ti
on

67
-y
r-
ol
d
m
al
e;

M
D
S
s/
p
M
U
D
da

y
+1

04
1

N
o

3
N
ew

Sk
in

St
ar
te
d
pr
ed

ni
so
ne

40
m
g
da

ily
,m

yc
op

he
no

la
te
,a
nd

si
ro
lim

us

73
-y
r-
ol
d
m
al
e;

A
M
L
s/
p
M
U
D
da

y
+3

46
Ye

s
(G

I)
11

W
or
se

G
I

St
ar
te
d
pr
ed

ni
so
ne

60
m
g
da

ily
£

1
w
ee

k

70
-y
r-
ol
d
m
al
e;

m
ye

lo
fi
br
os
is
s/
p
M
U
D
da

y
+6

22
Ye

s
(o
ra
l)

21
W

or
se

O
ra
l

In
cr
ea

se
d
ta
cr
ol
im

us
do

se
an

d
fr
eq

ue
nc

y
of

de
xa

m
et
ha

so
ne

or
al

ri
ns

es

42
-y
r-
ol
d
fe
m
al
e;

M
D
S
s/
p
ha

pl
o
da

y
+7

44
Ye

s
(s
ki
n)

10
N
ew

O
ra
l

St
ar
te
d
pr
ed

ni
so
ne

40
m
g
da

ily
an

d
re
su

m
ed

ta
cr
ol
im

us

68
-y
r-
ol
d
m
al
e;

A
LL

s/
p
M
U
D
da

y
+2

35
8

Ye
s
(s
ki
n/
G
I/
ey

e)
30

N
ew

Lu
ng

St
ar
te
d
m
et
hy

lp
re
dn

is
ol
on

e
1
m
g/
kg

/d
an

d
ru
xo

lit
in
ib
;t
ra
ns

it
io
ne

d
fr
om

st
er
oi
d
to

et
an

er
ce
pt

49
-y
r-
ol
d
m
al
e;

m
ye

lo
fi
br
os
is
s/
p
M
U
D
da

y
+1

09
8

Ye
s
(s
ki
n/
jo
in
ts
)

21
N
ew

/w
or
se

Sk
in
/j
oi
nt
s/
G
I

En
ro
lle

d
in

G
V
H
D
in
ve

st
ig
at
io
na

lp
ro
to
co

l

74
-y
r-
ol
d
m
al
e;

m
ye

lo
fi
br
os
is
s/
p
M
U
D
da

y
+3

13
N
o

31
N
ew

Sk
in
/o
ra
l

St
ar
te
d
pr
ed

ni
so
ne

40
m
g
da

ily
,r
ux

ol
it
in
ib
,a
nd

de
xa

m
et
ha

so
ne

ri
ns

es

65
-y
r-
ol
d
fe
m
al
e;

M
D
S
s/
p
M
M
U
D
da

y
+3

23
N
o

39
N
ew

Sk
in
/o
ra
l/
ey

e
St
ar
te
d
pr
ed

ni
so
ne

30
m
g
tw

ic
e
a
da

y;
re
st
ar
te
d
ta
cr
ol
im

us
an

d
in
cr
ea

se
d
si
ro
lim

us
do

se

65
-y
r-
ol
d
fe
m
al
e;

T
ce
ll
LG

L
s/
p
ha

pl
o
da

y
+4

59
N
o

55
N
ew

Sk
in

St
ar
te
d
tr
ia
m
ci
no

lo
ne

0.
5%

oi
nt
m
en

t

66
-y
r-
ol
d
m
al
e;

A
M
L
s/
p
M
RD

da
y
+1

94
N
o

34
N
ew

Ey
e

St
ar
te
d
pr
ed

ni
so
lo
ne

1%
ey

e
dr
op

s

77
-y
r-
ol
d
m
al
e;

m
ye

lo
fi
br
os
is
s/
p
M
U
D
da

y
+1

66
9

N
o

31
N
ew

Sk
in

St
ar
te
d
tr
ia
m
ci
no

lo
ne

0.
1%

oi
nt
m
en

t

71
-y
r-
ol
d
m
al
e;

M
D
S
s/
p
M
U
D
da

y
+2

16
Ye

s
(s
ki
n/
or
al
/e
ye

)
44

N
ew

/w
or
se

G
I/
or
al
/e
ye

St
ar
te
d
pr
ed

ni
so
ne

30
m
g
da

ily
,b

ud
es
on

id
e,
an

d
ta
cr
ol
im

us
;e

ye
pl
ug

s
pl
ac
ed

75
-y
r-
ol
d
fe
m
al
e;

A
M
L
s/
p
M
U
D
da

y
+1

60
Ye

s
(o
ra
l/
ey

e)
48

N
ew

G
I

Sw
it
ch

ed
fr
om

de
xa

m
et
ha

so
ne

ri
ns

es
to

bu
de

so
ni
de

M
D
S
in
di
ca
te
s
m
ye

lo
dy

sp
la
st
ic

sy
nd

ro
m
es
;M

U
D
,m

at
ch

ed
un

re
la
te
d
do

no
r;
s/
p,

st
at
us

po
st
;A

M
L,
ac
ut
e
m
ye

lo
id

le
uk

em
ia
;G

I,
ga

st
ro
in
te
st
in
al
;A

LL
,a
cu

te
ly
m
ph

oc
yt
ic

le
uk

em
ia
;M

M
U
D
,m

is
m
at
ch

ed
un

re
la
te
d
do

no
r;
ha

pl
o,

ha
pl
oi
de

nt
-

ic
al
;L

G
L,
la
rg
e
gr
an

ul
ar

ly
m
ph

oc
yt
ic

le
uk

em
ia
;M

RD
,m

at
ch

ed
re
la
te
d
do

no
r.

H. Ali et al. / Transplantation and Cellular Therapy 27 (2021) 938.e1�938.e6 938.e4
no documented second dose in the electronic medical record.
Hepatic impairment was observed in 21 of 113 patients
(18.6%), with a median of 26 days (range, 3-66) to evaluation
of adverse events, which were defined as an elevation in biliru-
bin, alanine aminotransferase (ALT), or aspartate aminotrans-
ferase (AST) after the first vaccination. One patient with
baseline grade 1 hepatic impairment who had recently started
on an azole for antifungal prophylaxis experienced a grade 4
increase in AST and grade 3 increase in ALT, which occurred
26 days after his only dose of vaccine; the levels returned to
baseline approximately 1 week later after discontinuation of
the azole. Another patient experienced a grade 3 increase in
both ALT and AST that occurred 4 days after the second dose of
vaccine. This patient was initiated on prednisone and ruxoliti-
nib for new-onset GVHD of the skin and mouth on evaluation,
and eventually liver toxicity resolved within a month. The inci-
dence rates for neutropenia, thrombocytopenia, and lympho-
penia were 13.3%, 11.5%, and 8.8%, respectively. Seven patients
who experienced bone marrow suppression were actively
being treated with chemotherapy at the time; six of the
patients were being treated for relapse, and one was on main-
tenance post-HCT. Five patients experienced eosinophilia
while being vaccinated, with one patient requiring urgent care
for the treatment of pneumonia at the time of eosinophilia.

Impact on GVHD
Prior to the first dose of vaccine, baseline chronic GVHD

was present in 39.8%, mostly with skin (68.9%) and oral
(37.8%) involvement. Table 4 provides a summary of all of the
cases of new or worsening GVHD after vaccination. New
chronic GVHD developed in 9.7% of patients, and worsening
chronic GVHD occurred in 3.5% of patients; two patients expe-
rienced both new and worsening of GVHD symptoms. One
patient with a previous history of chronic GVHD of the eyes,
skin, and gut required hospitalization for approximately
18 days after his only dose of BNT162b2; his suspected GVHD
of the lung was treated with the initiation of etanercept. All of
these patients with new or worsening chronic GVHD symp-
toms are currently well controlled, with symptoms either
improving or being resolved in subsequent follow-up assess-
ments.

DISCUSSION
Both mRNA vaccines, BNT162b2 and mRNA-1273, were

found to be safe and efficacious in the general population. The
major adverse effects reported in the phase II/III study by
Polack et al. [3] among patients who experienced an adverse
event with BNT162b2 were injection site pain (66%-83%),
fatigue (34%-59%), headache (25%-52%), fever (1%-16%), chills
(6%-35%), and muscle pain (14%-29%), and they depended on a
patient’s age and whether or not they occurred after the first
or second dose [4,5]. Similarly, in a Phase III study, Baden et al.
[6] reported that the mRNA-1273 vaccine resulted in high
injection site pain (74%-90.1%), fatigue (33.3%-67.6%), head-
ache (24.5%-62.8%), fevers (0.3%-17.4%), chills (5.4%-48.3%),
and myalgias (6.1%-23.7%), based on criteria similar to those
for the BNT162b2 population [7]. Significantly worse adverse
events were reported after the second dose for each of the vac-
cines. Our safety results in the allogeneic transplant patient
population are comparable to the safety results found in the
clinical studies submitted to the US Food and Drug Administra-
tion for emergency use authorization for both vaccines. Unfor-
tunately, our data did not include Ad26.COV2.S, which does
not allow us to make any conclusions regarding the safety of
this vaccine in this specific population. Only two patients
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tested positive for SARS-CoV2 by PCR after receiving the vac-
cine, which was believed to be due to viral shedding, as these
patients had a prior history of SARS-CoV2 infection and were
asymptomatic, requiring no hospitalization. The adverse
events reported in BNT162b2 and mRNA-1273 registration tri-
als remained the prominent ones in our study, with a caveat
that they occurred at lower rates. This could be due to a low
survey response rate and possibly recall bias from the patients
who did complete the survey, which was not in real time, as
patients tend to only report more severe adverse events to
physicians unless in a clinical trial setting. Another potential
explanation of lower incidence rates of adverse events could
be an impaired immune response to the vaccine in the HCT
population, as a significant proportion of vaccine recipients
had active chronic GVHD. The required uptake of mRNA from
BNT162b2 or mRNA-1273 by dendritic cells to encode for the
necessary spike protein and ability to mobilize adaptive immu-
nity via T cells and B cell lymphocytes toward COVID-19 might
be suboptimal in HCT patients, as immune function might not
normalize until a year after HCT and might further be delayed
by GVHD and its treatment [19,20].

Approximately 12% of patients in our study had worsen-
ing of baseline chronic GVHD or development of new-onset
chronic GVHD after vaccination. Currently, there are very
few studies evaluating the relationship between vaccines
and the incidence of GVHD. A study published by Natori
et al. [21] reported an incidence of new or worsening GVHD
in approximately 26% of patients who received the influ-
enza vaccine but did not have a comparator group. Baumrin
et al. [22] analyzed the effect of the recombinant zoster
vaccine on GVHD incidence and observed no significant dif-
ference. We also observed a few cases of eosinophilia and
hepatic impairment that occurred after the vaccination;
however, it is difficult to ascribe causality to the vaccines
due to the retrospective nature of this study. Messenger
RNA vaccines can be highly immunogenic, and in the clini-
cal trials younger populations had more robust immune
responses, as suggested by higher rates of adverse events,
and the same biologic effect can be seen in our HCT
patients. However, with ongoing immunosuppression and
high incidence of chronic GVHD, the rates of some adverse
effects were less in our patients. Because of the high immu-
nogenicity from the vaccines, activation of inflammatory
pathways might lead to immune-related adverse events
even in this immunocompromised patient population.

Our study had several limitations. It is retrospective in
nature and had a small sample size. A low survey response
rate due to its voluntary nature, recall bias, and the use of
physician documentation when survey responses were
unavailable were also limitations to obtaining detailed
descriptions of patient-solicited local and systemic adverse
events. In addition, the smaller than expected sample size
might have impacted patient-reported outcomes, which
could have led to a lower solicited adverse event rate com-
pared with published studies. Laboratory results were not
collected at consistent time frames, and the frequency of
collection was driven by the patient’s overall clinical man-
agement rather than routine monitoring relative to vacci-
nation. With a median of only two physician assessments
to evaluate for adverse events, this could have potentially
affected the results regarding the incidence of laboratory
adverse events and the time to onset of clinical laboratory
adverse events relative to vaccination. However, our results
do provide some clarity regarding the safety and tolerabil-
ity of mRNA EUA vaccines in HCT patients. More
comprehensive studies are needed regarding the safety of
SARS-CoV2 vaccines in the HCT population, especially from
the standpoint of predicting the risk of GVHD, whether
new-onset or worsening of baseline GVHD, with these
novel vaccines using mRNA, as well as how to provide
patient education regarding the risks. Of further impor-
tance is assessing immunogenicity of vaccines when given
early after HCT or later, especially in the context of existing
guidelines for vaccinating HCT patients including SARS-
CoV2 in the setting of the pandemic [23-25]. Our study pro-
vides much-needed preliminary data indicating that both
EUA mRNA vaccines are safe and well tolerated in alloge-
neic HCT populations, despite some major limitations of
our study.
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