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Abstract

Patients with severe aplastic anemia (SAA) are at high risk of morbidity and mortality due to severe infections. We aimed
to characterize the role of granulocyte transfusions (GT) in SAA. Primary outcomes were survival after the first GT, in-
cluding overall survival (OS) at last follow up, survival to discharge, and receipt of a hematopoietic stem cell transplant
(HSCT) Secondary outcomes included evaluation of clinical response at 7 and 30 days after initiation of GT, using a clin-
ical scoring system incorporating microbiological and radiographic response. Twenty-eight SAA patients underwent 30
GT courses with a per-dose median of 1.28x10° granulocytes/kilogram (range, 0.45-4.52x10°). OS from initial GT to medi-
an last follow up (551 days) was 50%, with 39% (11/28) alive at last follow up. Sixty-four percent (18/28) of all patients
survived to hospital discharge. Patients with a complete or partial response, or stable infection, at 30 days had signifi-
cantly better OS compared to non-responders (P=0.0004). Eighty-six percent (18/21) of patients awaiting HSCT during GT
underwent a transplant and 62% (13/21) survived to post-HSCT discharge. Sex, type of infection, and percentage of days
with absolute neutrophil count >0.2x10°%/L during the course of GT were not predictive of survival (P=0.52, P=0.7 and
P=0.28, respectively). Nine of 28 (32%) patients developed new or increased human leukocyte antigen alloimmunization
during their GT course. GT in SAA may have an impact on survival in those patients with improvement or stabilization of
their underlying infection. Alloimmunization can occur and OS in this population remains poor, but GT may be a useful

tool to bridge patients to curative treatment with HSCT.

Introduction

Patients with severe aplastic anemia (SAA), a life-threat-
ening immune-mediated bone marrow failure disorder
characterized by destruction of hematopoietic stem
cells, are at high risk of severe infection due to prolonged
neutropenia. Hematopoietic recovery can be difficult to
achieve and severe infections lead to significant morbidity
and mortality. Reports, including a 10-year review of SAA
patients at our institution who received granulocyte trans-
fusions (GT), have shown a link between clinical response
after initiating GT and survival, suggesting an adjunctive
role for GT in managing infections in this population."?

Results from a prospective, multicenter, randomized
controlled trial seeking to determine the efficacy of GT
in patients with severe neutropenia demonstrated no
significant difference in survival and microbial response

between patients who received GT with standard antimi-
crobial therapy and those who received standard antimi-
crobial therapy alone.® The limitations of that trial included
low patient accrual, leaving the study underpowered to
detect a true effect of GT, and below-target GT doses,
resulting in differences in success rates between those
who received higher versus lower GT doses. Furthermore,
only a few subjects had SAA, all of whom were assigned
to the control treatment arm, limiting our interpretation
of the data in the SAA population.

We aimed to provide an updated and expanded report
of our institution’s experience with GT, characterizing
the clinical outcomes of patients with SAA who received
GT, focusing on clinical response, patients’ survival, and
ability to bridge patients to curative treatment with he-
matopoietic stem cell transplant (HSCT).
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Methods

Patients

All patients with SAA who received a minimum of one GT
from 2010-2020 were included in this study. SAA patients
all met modified Camitta criteria, that is, bone marrow
cellularity of <30% and at least two of the following blood
counts: an absolute neutrophil count (ANC) of 0.5x10°%/L or
less, an absolute reticulocyte count of 60x10°%/L or less,
and a platelet count of 20x10°/L or less. Patients were
enrolled on the following clinical trials at the time of GT:
NCTO00604201, NCTO1174108, NCTO01193283, NCT01623167,
NCT03173937, and NCT03520647. The above-mentioned
trials were approved by the Institutional Review Board of
the National Heart, Lung, and Blood Institute. All patients
or guardians provided written informed consent to partic-
ipation in the trials.

Clinical data were collected from electronic medical re-
cords or from clinical trial databases. Baseline demographic
information included age, sex, initial SAA therapy, disease
severity, number of rounds of immunosuppressive therapy
(IST) received, ABO type, and presence of human leukocyte
antigen (HLA) class | and class Il antibodies prior to and
after GT courses. All patients had significant infections
prompting initiation of GT and type of infection, pathogen
isolated, and site of infection were recorded.
Granulocyte product data included number of GT, the pa-
tient’s weight at initial GT, granulocyte dose of each prod-
uct in cells, donor ABO type, donor HLA type, and donor
testing for agents of transfusion-transmissible infections.
ANC prior to GT, number of days that the ANC was greater
than 0.2x10°/L, and percentage of days with available ANC
data were assessed. If multiple ANC were collected daily,
the first available post-transfusion ANC drawn the morning
after transfusion was used for analysis.

Patients were eligible to receive a GT if they had the fol-
lowing: (i) proven or probable invasive fungal disease de-
termined by the clinical team, or (ii) a bacterial infection
which, in the experience of our center, was associated with
greater than 90% mortality, as well as (iii) an ANC of less
than 0.2x10/L, and (iv) no response to appropriate antibi-
otic or antifungal therapy for 24-48 hours. The duration of
a GT course was determined by multiple factors including
neutrophil response to infection, clinical response or pro-
gression of infection, development of transfusion reactions,
HLA alloimmunization, and the availability of granulocyte
donor products for same-day administration.

Donor selection, granulocytapheresis, and transfusion

Eligible granulocyte donors were enrolled on the NCT01553214
trial. After giving informed consent, donors received a single
480 ug subcutaneous injection of filgrastim 12-24 hours
prior to leukapheresis and 8 mg of oral dexamethasone
12 hours prior to leukapheresis. Granulocyte concentrates
were collected using a blood separator (CS3000 Plus,
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Fenwal, Deerfield, IL, USA) processing 7 L of whole blood
with trisodium citrate anticoagulant (Citra Anticoagulants,
Braintree, MA, USA) and 6% hetastarch (He span, Braun
Medical, Irvine, CA, USA). Granulocyte concentrates were
sedimented by gravity following collection to reduce red
cell content if there was major ABO incompatibility. ALl
granulocytes were irradiated and transfused within 10
hours of collection.

Outcome measures

Primary outcomes were overall survival (OS) following the
first GT to last follow up, survival to hospital discharge fol-
lowing hospitalization for a course of GT, and percentage of
patients who received an infusion of hematopoietic stem
cells among those who were awaiting HSCT during the GT
course. Secondary outcomes included clinical responses
at 7 and 30 days after initiation of GT and association be-
tween the following variables and OS: sex, infection type,
duration of ANC over 0.2x10°/L during the GT course, pres-
ence of HLA alloimmunization, and granulocyte product
characteristics (granulocyte dose, ABO matching).

A GT course was defined as the number of days from first
transfusion to 3 days after the last transfusion to account
for the effect of the last transfusion. Additional outcomes
included rate of HLA alloimmunization after GT, rate of
successful HSCT in patients with transplant-donor specific
antibodies after GT, and rate of GT complications including
GT reactions and transfusion-transmitted virus positivity
in previously negative granulocyte donors.

Response was characterized using a scoring system based
on response (determined by the physician and including
defervescence, hemodynamic stability, and improvement
in infection-related symptoms), radiographic response
(decrease in size of infection on imaging), and microbio-
logical response (resolution of bacteremia, if applicable).
Complete response and partial response were defined
as improvements in all three and one or two criteria, re-
spectively. Stable disease was defined as no improvement
and progressive disease was identified by evidence of a
breakthrough infection or clinical deterioration. GT reac-
tions were identified by severity and imputability based
on the National Healthcare Safety Network Biovigilance
Component Hemovigilance Module Protocol.*

Statistical analysis

Summary statistics are described as the median with range
for continuous variables, and frequency with proportion
for categorical variables. Kaplan-Meier estimators were
used to compare OS distributions based on the type of
30-day response to GT. Cox proportional hazard models
were used to analyze the effect of covariates on survival
time. Five courses were omitted from the ANC analysis
because of excessive missingness of recorded data. OS
was determined from the time of the first GT. Surviving
patients were censored at their last follow-up date. P
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values for covariate effects were calculated using the log-
rank test. All statistical analyses were performed using R
(version 4.0.2).

Results

Twenty-eight SAA patients with a median age of 20 years
(range, 6-65 years) underwent 30 GT courses. Initial IST
included horse antithymocyte globulin/cyclosporine and
eltrombopag (n=11), horse antithymocyte globulin/cyclo-
sporine (n=8), cyclophosphamide/cyclosporine (n=6), and
horse antithymocyte globulin/cyclosporine plus sirolimus
(n=1). Two patients did not receive IST and went direct-
ly to HSCT. A median of eight granulocyte products per
course (range, 1-39 products) were administered over a
median of 23.5 days (range, 3-103 days), with a per-dose
median of 1.28x10° cells/kg (range, 0.45-4.52x10° cells/
kg). Indications for GT included invasive bacterial (n=14),
fungal (n=13) and mixed (n=3) infections. The patients’
characteristics are summarized in Table 1. Types of infec-
tions, organisms, and sites of infection are summarized
in Online Supplementary Table S1.

Response

Overall, 86% (25/29) of infections remained stable or re-
sponded to GT. Over a GT course, complete responses were
observed in 23% (7/30) on day 7 after the initial GT, and
increased to 45% (13/29) on day 30. Most of the patients
with fungal infection had a partial response (6/13; 46%) or
stable infection (5/13; 38%) at 7 days, with only one com-
plete responder; these responses improved to complete
(7/13; 54%), and partial (5/13; 38%) by day 30. Only one
patient with a fungal infection had progressive disease,
which was evident early by day 7. Patients with bacterial
infections had similar numbers of responses at days 7
and 30, although three patients had worsening bacterial
infection by day 30 (Table 2).

Survival

After completion of their GT course, 64% (18/28) of pa-
tients survived to hospital discharge. The rate of survival
to discharge in GT recipients who achieved complete re-
sponse by day 30 was 85% (11/13) (Table 2). The OS rate
from initial GT was 50% at a median duration of follow up
of 551 days (range, 2-4,213 days) (Figure 1A). Overall, 39%
(11/28) of patients were alive at last follow up. Patients who
achieved a complete or partial response, or had a stable
infection at 30 days had significantly better OS than that
of non-responders (P=0.0004) (Figure 1B).

Predictors

Sex, weight, type of infection, percentage of days on which
the ANC was greater than 0.2x10°/L, ABO donor-recipient
mismatch, mean granulocyte dose, and HLA alloimmuni-
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zation (negative HLA antibodies at baseline to positive HLA
antibodies after GT or increased panel-reactive antibodies
in those alloimmunized at baseline) were not predictive

Table 1. Demographics of the patients and characteristics of the

granulocyte products.

Parameter Result
Patients, N (%) 28 (100.0)
Sex, N (%)
Male 15 (53.6)
Female 13 (46.4)
Age in years, N (%)
<18 13 (46.4)
18-39 7 (25.0)
40-59 6 (21.4)
>60 2(7.2)
Weight, kilograms, median (range) 59 (15-118)
Received IST,* N (%) 26 (92.9)
ATG + CSA + EPAG 11 (42.3)
ATG + CSA** 9 (34.6)
Cyclophosphamide + CSA 6 (23.1)
Required >1 round of IST 8 (30.8)
Received HSCT, N (%) 23 (82.1)
Haploidentical-cord 10 (43.5)
Matched unrelated donor*** 4 (17.4)
Matched related donor 6 (26.1)
Expanded cord 1(4.3)
Unknown 2(8.7)
HSCT donor-recipient CMV match, N (%)
Matched 20 (83.3)
Mismatched 1(4.2)
Unknown 3 (12.5)
HSCT donor-recipient ABO compatibility, N (%)
Matched 12 (50.0)
Major mismatched 5 (20.8)
Minor mismatched 3(12.5)
Bidirectional 2(7.2)
Unknown 2(7.2)
Baseline ANC prior to GT, N
0.0-0.09x10°%/L 26
0.1-0.2x10°L 2
Percentage of days with ANC >0.2x10°/L 50 (11-95)

(median, range)
Total N of granulocyte courses 30
Granulocyte products per course, days

(median, range) 8 (1-39)
. 1.3x10°

Granulocyte dose, cells/kg, median (range) (0.45-4.52x10°)
Time from first day of documented infection 5 (0-20)

to GT in days, median (range)

*Two patients did not receive immunosuppressive therapy and went
directly to hematopoietic stem cell transplant. **One patient received
sirolimus in addition to antithymocyte globulin and cyclosporine. ***One
of the two patients who received two granulocyte courses received trans-
plants from two matched unrelated donors. N: number; IST: immunosup-
pressive therapy. ATG: antithymocyte globulin; CSA: cyclosporine; EPAG:
eltrombopag; HSCT: hematopoietic stem cell transplant; CMV: Cytomeg-
alovirus; ANC: absolute neutrophil count; GT: granulocyte transfusions.
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Table 2. Responses at days 7 and 30 after initiation of granulocyte infusion versus survival to hospital discharge: overall and by

type of infection.

Day 7 response Survival to hospital Day 30 response Survival to hospital
N (%) discharge, N/N (%) N (%) discharge, N/N (%)
All infections, N=30 (day 7) or 29 (day 30)*

Type of response
Complete 7 (23) 4/7 (57) 13 (45) 11/13 (85)
Partial 12 (40) 8/12 (67) 11 (38) 7/11 (64)
Stable 9 (30) 7/9 (78) 1 (3) 1/1 (100)
Progressive 2(7) 0/2 (0) 4 (14) 0/4 (0)
Overall - - - 18/28* (64)

Bacterial, N=14

Type of response
Complete 5 (36) 3/5 (60) 6 (43) 5/6 (83)
Partial 6 (43) 4/6 (67) 4 (29) 3/4 (75)
Stable 3 (21) 2/3 (67) 1(7) 1/1 (100)
Progressive 0 (0) 0/0 3 (21) 0/3 (0)
Overall - - - 10/15 (67)

Fungal, N=13

Type of response
Complete 1(8) 0/1 (0) 7 (54) 6/7 (86)
Partial 6 (46) 4/6 (67) 5 (38) 2/5 (40)
Stable 5 (38) 4/5 (80) 0 (0) 0/0
Progressive 1(8) 0/1 (0) 1(8) 0/1 (0)
Overall - - - 8/13 (62)

Mixed, N=3*

Type of response
Complete 1(33) 1/1 (100) 0 (0) 0/0
Partial 0 (0) 0/0 2 (100) 2/2 (100)
Stable 1 (33) 1/1 (100) 0 (0) 0/0
Progressive 1(33) 0/1 (0) 0 (0) 0/0
Overall - - - 2/3 (67)

N: total granulocyte courses administered in 28 patients. Response categorized as complete: improvement in all three criteria (clinical, radio-
graphic, and microbiological); partial: improvement in one or two criteria; stable: no improvement; and progressive: clinical decline or break-

through infection. *One patient who died before the 30-day response assessment had mixed bacterial/fungal infection.

of survival (Table 3, Online Supplementary Table S2, Online
Supplementary Figure ST).

Hematopoietic stem cell transplantation outcomes

Of 21 patients who were awaiting HSCT during their GT
course, 18 (86%) successfully started conditioning. Three
patients did not receive HSCT; two patients were ineligible
because of their critical clinical status and ultimately died
and one patient lacked a suitable donor but achieved he-
matopoietic recovery after IST and survived. Thirteen of the
21 (62%) awaiting HSCT survived to discharge from hospital.
Of the eight patients awaiting HSCT who did not survive
to hospital discharge, six received HSCT and died due to
progression of the initial infection (n=5) or development of
a new infection (n=1). Infections that led to death included
disseminated Klebsiella infection (n=2), adenovirus (n=2),
trichosporonosis (n=1), and aspergillosis (n=1). Twelve of
16 patients (75%) who were awaiting HSCT at the time of

their GT course with available engraftment data success-
fully engrafted (Online Supplementary Table S5).

Five out of 28 patients (18%) were HLA-alloimmunized at
baseline. All five (100%) demonstrated an increase in pan-
el-reactive antibodies after GT. Of the 23 (82%) patients not
alloimmunized at baseline, four (17%) developed HLA anti-
bodies during or after GT. In total, nine of 28 (32%) patients
developed new or increased HLA alloimmunization (Online
Supplementary Table S3); four developed donor-specific
antibodies to potential HSCT donors (Online Supplementary
Table S4), three did not develop donor-specific antibodies,
and two did not have available HSCT donor HLA data. All
four patients who developed donor-specific antibodies
to their originally planned donor successfully underwent
HSCT using an alternative donor without development of
graft failure; two of these patients ultimately died from
progression of their initial infection. Three patients had
primary or secondary graft failure; none of these patients
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had HLA alloimmunization at baseline or that developed
alloimmunization during the GT course (Online Supple-
mentary Table S5).

Safety

Nineteen of the 28 (68%) patients met criteria for non-se-
vere febrile non-hemolytic transfusion reaction during
their GT course. Two patients developed an allergic re-
action which was treated with antihistamines with reso-
lution of symptoms. One patient met criteria for severe,
transfusion-associated circulatory overload of probable
imputability based on National Healthcare Safety Network
guidelines. The patient had underlying cardiomyopathy and
died 3 months after his last GT due to systemic adenovirus
infection in the setting of primary graft failure after HSCT.
No donor tested positive for agents of transfusion-trans-
missible infection.

Discussion

This study is a follow up to a previous report from our in-
stitution detailing the largest clinical experience utilizing
GT in SAA patients with invasive fungal and/or bacterial
infections, and showed a 64% rate of survival to hospital
discharge, similar to the 58% reported in the previously
studied cohort, with a significantly higher OS rate in patients
with a stable infection or improved response compared to
that in patients with progression of infection.! We aimed
to estimate the OS based on clinical response to GT at 30
days and found a significantly higher OS in patients with a
stable infection or improved response compared to those
with progression of infection.

To our knowledge, this is the first analysis of long-term
survival and HSCT-related outcomes in SAA patients re-
ceiving GT. Given the progressive and refractory nature
of these infections prior to the initiation of GT, and that
uncontrolled infections are contraindications to HSCT,
we believe that the high rates of receipt of HSCT in those
awaiting HSCT (86%, 18/21) and survival to hospital dis-
charge after HSCT (75%, 13/18) are largely attributable to
the effect of GT. Although some patients developed HLA
antibodies, even some to their originally planned donors,
all were able to undergo HSCT.

Our analysis did not reveal an association between type
of infection and OS, there being similar rates of survival
to hospital discharge in patients with invasive fungal or
bacterial infections. In our previous cohort, 44% of patients
with invasive fungal or bacterial infections survived to hos-
pital discharge compared to 62% in this current study. It
has been shown that over time infection-related mortality
has decreased significantly in SAA patients unresponsive
to IST, likely due to improvements in supportive care and
use of alternative donor transplants.® A study evaluating
the efficacy and safety of posaconazole as primary pre-
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Figure 1. Overall survival of patients with severe aplastic anemia
who received granulocyte transfusions. (A) Overall survival from
the initial granulocyte transfusion. (B) Overall survival from the
initial granulocyte transfusion based on overall response at 30
days after the granulocyte transfusions. C: complete response;
P/S: partial response or stable infection; Pr: progression.

vention of invasive fungal disease in patients with SAA
demonstrated a significantly lower incidence of such fungal
diseases in patients treated with posaconazole compared
to the incidence in a control group.® In contrast to the prior
standard of care, the emergence and prophylactic use of
this broad-spectrum oral antifungal agent may be a con-
tributing factor to the observed increase in SAA patients
who survived to hospital discharge.

To date, there has been inconclusive evidence of the ef-
ficacy of GT in SAA and other at-risk populations due to
several limitations including variable granulocyte collection
methods, poor patient accrual in randomized controlled
trials, and physician bias with randomizing patients to
GT due to pre-conceived beliefs about the efficacy of
these transfusions.*” A Cochrane review of ten random-
ized controlled trials with 587 patients evaluating efficacy
of GT versus standard antimicrobial therapy alone found
insufficient evidence that GT affected all-cause mortali-
ty.2 The majority of the studies included in this review did
not use granulocyte colony-stimulating factor (G-CSF) for
donor stimulation, whereas this is now commonly given to
granulocyte donors, and thus the transfused products had
substantially lower granulocyte content. The RING trial,
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Table 3. Cox proportional-hazard models for time to death from first granulocyte transfusion (N=25).*

95% Confidence

Coefficient Standard error Hazard ratio . P
interval
Sex
Male 0.35 0.55 1.42 0.48-4.20 0.52
Female - - - -
Weight -0.004 0.009 1.00 0.98-1.01 0.62
Type of infection
Bacterial - - - -
Fungal 0.42 0.54 1.52 0.53-4.37 0.44
Mixed 0.50 1.08 1.65 0.20-13.66 0.64
Percentage of days ANC
~0.2x1 09/?_* y -1.05 0.97 0.35 0.05-2.37 0.28
ABO % mismatch -0.008 0.009 0.99 0.97-1.01 0.39
Mean granulocyte dose (cells/kg) 0.114 0.209 1.12 0.74-1.69 0.58
HLA-alloimmunization status
pre-GT vs. post-GT
Negative-Positive 0.085 0.775 1.09 0.24-4.97 0.91
Positive-Positive 0.169 0.627 1.18 0.35-4.05 0.79

*Five courses omitted from the analysis of absolute neutrophil counts because of excessive missingness of recorded counts. ANC: absolute
neutrophil count; HLA: human leukocyte antigen; GT: granulocyte transfusions.

the most recent and largest randomized controlled trial
to date, studied 114 patients with severe neutropenia and
suspected or confirmed invasive infection who were ran-
domized to receive granulocytes from donors stimulated
with G-CSF and dexamethasone or standard antimicrobial
therapy alone. This trial was limited by lack of power due
to poor patient accrual, and below-target granulocyte dose
in a third of patients.?

Although an established target granulocyte dose to achieve
efficacy has not been identified, a Cochrane meta-analysis
derived a minimum dose of 0.1x10° cells/kg as contributing
to better clinical outcomes.® European guidelines similarly
recommend a standard granulocyte apheresis product for
adults to be 0.1-0.3x10° cells/kg of recipient body weight.”
Siedel et al. reviewed 59 pediatric and young adults with
severe neutropenia receiving a course of GT, including
several patients with SAA, and concluded that a critical
minimum GT dose of 0.3x10° cells/kg was needed to sup-
port the control of infections in high-risk neutropenic pa-
tients."In contrast to the RING trial in which higher OS was
observed in patients who received higher doses (>0.6x10°
cells/kg) compared to lower doses, we did not observe an
association between the mean granulocyte dose received
per patient and survival.® Again in contrast to the RING tri-
al, only 11% (3/28) of the patients in our cohort had mean
granulocyte doses less than 0.6x10° cells/kg. Furthermore,
the median granulocyte dose/kg received by our patients
was multifold higher than all recommended dose targets,
likely crossing the threshold beyond which there is no or
limited association between GT dose and clinical outcome.
While Siedel et al. utilized either prednisolone or G-CSF
for donor stimulation to increase granulocyte product con-
tent, the use of both G-CSF and dexamethasone produces

higher granulocyte product doses without increasing the
incidence of donor side effects compared to those in donors
receiving G-CSF or dexamethasone alone.”® Furthermore,
an association between G-CSF for donor stimulation and
a theoretical risk of malignancy has been refuted even for
donors undergoing multiple stimulations.” Based on these
considerations concerning both donors and recipients,
granulocyte collection centers should strive to achieve
minimum granulocyte doses of 0.6x10°/kg of recipient
weight. Granulocyte apheresis product yields are maxi-
mized by using dual donor stimulation (dexamethasone
plus G-CSF), and this dual stimulation regimen should be
the standard to optimize the therapeutic effect of GT in
patients with SAA.

One-third of our patients developed new or progressive
HLA-alloimmunization during their GT course. Generally,
HLA antibody testing in GT recipients is performed prior
to the first transfusion, during the transfusion course if an
adverse reaction occurs, and after the last transfusion.® Our
study did not reveal an association between development
of HLA-alloimmunization and OS in our granulocyte-treated
SAA patients, similarly to what was seen in the RING trial
cohort.® Published data have revealed the negative impact
of donor-specific antibodies on engraftment of donor cells
in patients who received transplants from unrelated or
haploidentical donors.™® Ideally, granulocyte donors who
share HLA alleles with potential HSCT donors should be
avoided, to prevent the development of donor-specific
antibodies in the transfusion recipient. However, imple-
mentation of this strategy may not always be possible
because of the urgent nature of the need for GT and the
limited number of granulocyte donors. Fortunately, in our
cohort, all four patients who developed donor-specific
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antibodies against their original hematopoietic cell donor
ultimately underwent HSCT after an alternative donor was
identified. Physicians will need to assess the benefit of GT
versus the risk of developing donor-specific antibodies on
a patient-by-patient basis.

Transfusion reactions following GT have been widely doc-
umented; febrile and allergic reactions have been reported
to occur at a rate of 10-80%.3"%2° While the rate of febrile
non-hemolytic reactions in our cohort was within this re-
ported rate range, all cases resolved after administration of
antipyretics. Concomitant fever due to underlying infection
may have led to an overestimate of true reactions to GT. Al-
ternatively, the high rate of febrile non-hemolytic transfusions
reactions may be related to the high dose of granulocytes
in the transfused products. The rate of severe transfusion
reactions in our cohort was similar to that in the most recent
randomized controlled trial.> Overall, GT in SAA recipients
appears to be safe with low rates of severe reactions.

As a retrospective, observational study, limited to selected
SAA patients from a single institution, our findings may not
be generalizable. Among SAA patients, those who were
highly alloimmunized did not receive GT due to difficulty
in identifying sufficient granulocyte donors who lacked the
cognate antigens. Our conclusions, therefore, only apply
to SAA patients who are not highly alloimmunized prior to
GT. The recently published experience with GT in patients
with chronic granulomatous disease at our institution de-
scribed a similar response rate to GT but, in contrast to our
SAA cohort, GT given prior to HSCT were associated with
high rates of alloimmunization and primary graft failure.?
A successful GT strategy requires a sophisticated trans-
fusion medicine department, including a blood collection
center with access to a large pool of highly dedicated and
motivated granulocyte donors, and rapid turnaround of
HLA testing, which can be both cost-prohibitive and labor
intensive. As our facility is research-focused and govern-
ment-funded, there were adequate resources to collect,
process, and administer HLA-typed granulocyte products.
Our procedures for collecting and transfusing granulocyte
components may not be feasible at other institutions, lim-
iting the generalizability of our findings and application of
our approach. Although GT may not be readily available at
every institution, our findings can lead to centers without
the capability to administer GT to consider transfer of
selected patients to a specialized center, and may even
lead to consideration of investment in infrastructure to
support administration of GT. In the absence of randomized
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controlled trials in SAA and using this particular technical
approach to GT, our observational study provides valu-
able guidance for clinical practice. Statistical limitations
included the low number of patients, which did not allow
for multivariate analysis and may have affected the ability
to detect differences in the univariate analyses of variables
related to GT that affect OS.

Highlights of this updated review of SAA patients undergoing
GT reveal the following. (i) GT can be offered to critically ill
SAA patients with invasive infections. (ii) Adjunctive therapy
with GT with continued advances in antimicrobial and an-
tifungal therapy and other supportive care measures may
help to increase OS. (iii) GT may be a particularly valuable
tool in patients with life-threatening infections as a bridge
to curative therapy with HSCT. (iv) HLA-alloimmunization
and, specifically, donor-specific antibodies can occur and
must be considered when making the decision to use GT.
Avoidance of granulocyte products from donors who share
HLA alleles with potential HSCT donors may mitigate this
risk. (v) Transfusion reactions have been observed in SAA
patients receiving GT but, in our cohort, these were gen-
erally mild and did not affect mortality.
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