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Abstract: Background: Transfusion of granulocytes obtained by apheresis is beneficial in febrile neutropenia (FN)
but expensive and time-consuming. Buffy-coat-derived granulocytes could be an alternative. We studied the efficacy
and safety of the administration of irradiated buffy-coat-derived granulocytes along with the standard of care in pe-
diatric high-risk (HR) FN. Methods: Sixty children <18 years with malignancy and chemotherapy-induced HR FN were
randomized to either the granulocyte transfusion (GT) arm which received irradiated buffy-coat derived granulocyte
transfusion along with the standard treatment or the standard treatment (ST) arm. Results: Baseline characteris-
tics, day-to-defervescence, antibiotic duration, hospital stay, and mortality were comparable between the groups.
A significant difference was seen in days to achieve absolute neutrophil count (ANC) >500/mm? in the 2 groups:
4.5 days (3-6.5) in the GT arm v/s 8 days (4-11) in the ST arm (P=0.01). Conclusion: Buffy-coat-derived granulocyte
transfusion was safe and led to early hematological recovery but was not associated with survival benefits. Future
studies with earlier initiation in the intended dose could be undertaken to generate more evidence.
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Introduction Granulocyte transfusions (GT) have been used

as a supportive measure in FN. Apheresis-
Cancer is a major cause of morbidity and mor- derived granulocytes from a single donor are
tality in children [1]. The prognosis of pediatric the preferred choice; however, the need for a

cancers has improved due to the availability of
modern chemotherapeutic agents and good
supportive care. Febrile neutropenia (FN) con-
stitutes a significant proportion of hospital
admissions and FN-related mortality in India
varies from 3%-10.3% [2]. In high-risk (HR) FN,
the mortality can be as high as 23.7% [3]. FN is
defined as a single oral temperature of more

group-specific donor, cost, and time taken for
the procedure makes buffy coat-derived granu-
locytes an alternative to consider in resource-
poor countries. Buffy coat is usually a by-prod-
uct of blood component separation. Studies
have shown that the chemotaxis, adhesion,
reactive oxygen species production, and in

than 101°F or 100.4°F sustained over 1 hour vitro, killing of microorganisms by buffy coat-
with an absolute neutrophil count of less than derived granulocytes are similar to apheresis-
500/mm? or expected to fall below 500/mm? in derived granulocytes [4]. Various trials have
the next 48 hours. Common infections include demonstrated the safety and feasibility of GT
pneumonia, bloodstream infections, neutrope- in children [5-8]. Granulocyte transfusion may
nic enterocolitis, or fever without focus. Early help in bridging the gap between neutropenia
initiation of antimicrobials and supportive care and marrow recovery by replenishing the defi-

is the standard of care in FN. cient granulocytes to combat infection. The
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paucity of prospective large studies in pediatric
oncology has limited the use of GT in children.

Methods
Study design and patients

This open-label randomized controlled trial
was conducted from August 2020 to March
2022 in a tertiary care teaching institute in
India. The study was approved by the insti-
tute ethics committee (IECPG-426/26.08.20,
RT-19/23.09.2020) and the study was pro-
spectively registered in the clinical trial registry
of India (CTRI/2020/10/028204).

Inclusion criteria: (1) Children with age less
than or equal to 18 years with malignancy and
chemotherapy-induced FN and (2) Any of the
following High-risk FN features including: (a)
who received strong myelosuppressive chemo-
therapy; (b) whose malignancy was not in re-
mission; (c) those with any clinical focus of
infection that would require prolonged systemic
antibiotics; (d) presence of mucositis grade 3
or grade 4 and (e) those with profound neutro-
penia (absolute neutrophil count (ANC) <100/
mm?2).

Exclusion criteria: (1) Children in palliative care.
(2) Hematopoietic stem cell transplantation
(HSCT) recipient. (3) Those in the recovery
phase of febrile neutropenia. (4) Non-availability
of the patient’s blood group-specific buffy coat.

Children were assessed for enrolment after
meeting inclusion criteria and written consent
was obtained from parent/legally authorized
representative.

Outcome assessment

The primary objective of the study was to evalu-
ate the efficacy of the addition of irradiated
buffy coat-derived GT to the standard of care
(antimicrobials and best supportive care) in
reducing the 28-day mortality. Secondary out-
comes included the comparison of duration of
hospital stay, antibiotic duration, days to defer-
vescence, and occurrence of adverse events
between the GT arm and standard of care treat-
ment (ST) arm.

Sample size

Sample size calculation was based on the mor-
tality rate in high-risk febrile neutropenia (pri-
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mary outcome). Based on a retrospective anal-
ysis (unpublished data) of admitted children
over the past 1 year, the mortality in children
admitted with FN was documented to be 15%.
To detect a decrease in the 28-day mortality of
15% in the control group to 5% in the interven-
tion (GT) group at a power of 80% and alpha
error of 5%, 138 children were required to be
enrolled in each arm. This study was done as a
pilot study and we included 30 participants in
each arm.

Definitions
Phases of chemotherapy (supplement

Intensive phase of chemotherapy: Chemo-
therapy phases which are strongly myelosup-
pressive and myeloablative chemotherapy.

Non-intensive chemotherapy: Chemotherapy
that is minimally or briefly myelosuppressive.

Grade 3 mucositis

Patients with oral ulcers and able to take lig-
uids alone orally.

Grade 4 mucositis

Patients with oral ulcers and not able to take
both solids and liquids orally.

Randomization

We used computer-generated block randomiza-
tion with variable block size. The randomization
codes, thus generated, were kept with an indi-
vidual not involved in the enrolment of the sub-
jects, administration of the intervention, or the
analysis of the data. Allocation concealment
was achieved by the use of serially numbered
opaque sealed envelopes.

Intervention arm (GT arm)

This group was given irradiated buffy coat
derived granulocyte transfusion at 10 ml/kg
every alternate day till the child was afebrile for
>24 hrs without antipyretics and there was evi-
dence of spontaneous neutrophil recovery
(ANC=500/mm3) for 2 consecutive days or
occurrence of a life-threatening adverse event
or till a maximum of 5 GTs. Granulocytes were
procured from the blood bank after cross-
matching for ABO, Rh groups, and X-ray irradia-
tion (25 Gy). The granulocyte count of the final
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product was checked by the blood bank before
issue. The children were premedicated with an
injection of paracetamol dosed at 15 mg/kg,
injection of hydrocortisone at 4 mg/kg, and
chlorpheniramine maleate at 0.1 mg/kg, 30
minutes before transfusion. The granulocyte
preparation was transfused within 6 hours of
collection and given for 2-3 hours. The vital
signs were monitored every 15 minutes for 1
hour and then for 30 minutes for the next 1
hour and then hourly till the end of transfusion
to ensure safety. In the event of a life-threaten-
ing adverse reaction the transfusion had to be
stopped immediately; however, none of the
children had any serious events. If the child
was also receiving amphotericin-B, the GT was
given either before or after 6 hours to avoid pul-
monary toxicity. The efficacy of transfusion was
assessed by the rise in absolute neutrophil
count. The intervention arm also received anti-
microbials, chemotherapy, and G-CSF as per
the standard treatment protocol.

Control arm

Standard therapy included antimicrobials,
blood component support, and G-CSF as per
the protocol. Children in both groups without
any identified focus were started on intrave-
nous antibiotics as per the institutional proto-
col which included a combination therapy with
antipseudomonal penicillin (Piperacillin + Tazo-
bactam - if platelet count was <20,000/mm?)
or a third-generation cephalosporin (Cefope-
razone + sulbactam - if platelet count was
>20,000/mm?3) and an aminoglycoside (Ami-
kacin). The patients received these antibiotics
at age and weight-appropriate dosages. The
patients were admitted as an inpatient in case
of a HR FN, however, if a hospital bed could not
be made available. the antibiotics were admin-
istered in the day care on an ambulatory basis
and randomization was done only after inpa-
tient admission. The baseline investigations
like complete blood counts (CBC), serum elec-
trolytes, renal function tests (RFTs), liver func-
tion tests (LFTs), procalcitonin (PCT), chest
X-ray (CXR), blood culture and sensitivity, and
other microbiological samples if required were
sent routinely as per unit policy before initiation
of empirical antibiotics.

Urine microscopy and urine culture samples
obtained by mid-stream clean catch in older
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children and children were not catheterized to
collect the sample because of neutropenia.

The children were closely followed up clinically
and CBC was done daily till afebrile and ANC
recovery. PCT was repeated after 48 to 72 h of
starting empirical antibiotics. If there was clini-
cal worsening with no obvious focus with per-
sistent fever and sterile microbial cultures af-
ter 48-72 h, antibiotics were upgraded to
Meropenem and Vancomycin. In case of per-
sistent fever for 5-7 days of starting antibio-
tics, antifungal therapy was added; preferably
Liposomal Amphotericin-B. Relevant radiologi-
cal investigations (CT chest) and serum galac-
tomannan assay were done. CT paranasal
sinuses and ultrasound abdomen were done
as per requirement on a case-to-case basis.
G-CSF, PRBC, and platelet transfusion were
given as per protocol. Blood culture was taken
before changing antibiotics. Antibiotics were
modified according to the culture sensitivity
report. The patient was discharged after an
afebrile period of >48 h with stable vitals.
Antibiotics were continued till an afebrile period
of >24 h with neutrophil recovery in case of
sterile blood culture. Occurrences of outcom-
es like microbiologically documented infection,
radiologically defined pneumonia, hemodynam-
ic instability, septic shock, transfusion reac-
tions, and mortality were documented.

Adverse effect monitoring and safety

A data safety monitoring board (DSMB) was
constituted which included a DSMB chair
(senior professor of Pediatrics), a subject ex-
pert (Oncologist), and a bio-statistician. The
first DSMB meeting was conducted before
study enrolment. The second meeting was
conducted (online through videoconferencing)
after 50% enrolment and mortalities in both
groups were discussed for causality assess-
ment. The board was communicated periodi-
cally through e-mail and they reviewed and
evaluated the accumulated study data for par-
ticipant safety, study conduct and progress,
and when appropriate, efficacy. The final meet-
ing was done after the completion of the study
(full enrolment).

Statistical analysis

Data analysis was done by STATA/SE 11.2
(Stata Corp, College Station, TX). Analysis was

Am J Blood Res 2023;13(5):152-161



Buffy coat irradiated granulocytes in pediatric febrile neutropenia

Children screened
n=83

Excluded n=21
Recovering phase n=15
HSCT n=5
Palliative care n=1

Children eligible n=62

Results

Eighty-three children with high-
risk febrile neutropenia were
screened and sixty-two chil-
dren were found to be eligible
(Figure 1). Two eligible children
could not be enrolled because
of the non-availability of group-
specific granulocytes.

Baseline characteristics and
investigations were compara-
ble between both the groups

Granulocyte unavailable

n=2

and have been depicted in
Tables 1 and 2. More than
50% of the subjects in both

60 children enrolled

groups received intravenous
antibiotics on an ambulatory
basis before admission.

Granulocyte transfusion
details

Median number of granulocy-
te transfusions was 1 (1-4).

Granulocyte transfusion was

GT
n=30 n=30
. Received standard therapy including
Death before GT L] GT received antimicrobials, blood component
n=1 n=29 support and G-CSF as per the unit
protocol n=30

done on a median of 2 days
from the day of randomization.
One child was randomized in

Received standard therapy including
antimicrobials, blood component
support and G-CSF as per the unit
protocol n=30

Analysed n=30

done on an intention-to-treat basis. For the pri-
mary outcome variable (incidence of mortality),
Fischer’'s exact test was used to compare the
proportion of categorical variables. For the cat-
egorical variables in the secondary outcome,
Fisher's exact test/Chi-square test was used
to compare the proportions. For continuous
variables in the secondary objective mean
standard deviation was done and compared
using the Student t-test for normative distribu-
tion, and median with interquartile range with
Mann Whitney U test for non-normative distri-
bution. Two-sided P<0.05 was considered sta-
tistically significant.
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the GT arm but the child died
before receiving granulocyte

Analysed n=30

transfusion. The average dose
of granulocytes given to a child
on the GT arm was 0.27x10°%/

Figure 1. Study flow diagram.

kg.

Patients in both groups recei-
ved the standard treatment as
per the unit’s policy, consist-
ing of intravenous antibiotics,
antifungals, blood component support, granu-
locyte colony-stimulating factor support, and
other supportive measures as necessary.

Primary outcome

There were 8 deaths in the GT arm and 2 dea-
ths in the ST arm, however it was not statisti-
cally significant (P=0.08). In the GT arm, the pri-
mary diagnosis in non-survivors was AML (n=3),
and ALL (n=3) with two of them in the induction
phase and 1 relapse each. Four of the 8 mor-
talities in the GT arm had microbiologically doc-
umented infection. It included 2 bloodstream
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Table 1. Baseline characteristics

observed in the days to

achieve ANC>500/mm? bet-

. GT ST p
Characteristics n=30 n=30 value weenthe GTarm 4.5 (3'65)
Age 55(4-10.2) 5(492) o070  dand ST am 8 (4-11) d;
Gender 0.59 (P=0.01). The median num-
ber of antibiotic days was
Male 18 {60%) 21 (70%) 23 (15.8-30.5) d in the GT
Female 12(40%) 9 (30%) group and 19 (12-28) in the
Primary diagnosis ST group (P=0.18). The du-
Hematological malignancies ration of hospital stay was
ALL 10 (33.3%) 14(46.7%) 0.54 comparable between the
AML 6 (20%) 7 (23.3%) groups (11 d in granulocyte
ALL relapse 3 (10%) 1 (3.3%) and 9 d in standard arm,
AML relapse 1(3.3%)  1(3.3%) P=0.51). There were no dif-
Solid tumors ’ )
i sion, or ventilatory require-
Retinoblastoma 1(3.3%) 1(3.3%) ment between GT and ST
Ewing’'s sarcoma 4 (13.3%) 1(3.3%) arm
Others 2 (6.7%) 0
Focus of infection One child developed vol-
Respiratory 10(33%) 10(33%) 0.21 ume overload secondary
Gl 17 (57%) 11 (37%) to granulocyte transfusions
Both 0 1 (3%) which were managed and
30 - BT cther adverse vents were
CXR abnormality at admission 2 (7.1%) 4(14.3%) 0.67 documented secondary to
Total febrile period before admission (days) 3 (1-5.2) 3(1-7) 0.32

Antibiotic received before admission
No antibiotics
First line antibiotics
Second line antibiotics
Empirical Antifungals

13 (43.3%)
4 (13.3%)
12 (40%)
1(3.3%)

buffy coat-derived granulo-
cyte transfusion (Table 3).

14 (46.7%) 0.90

4 (13.3%) Predictors of mortality
10 (30.3%) (Tables 4 and 5)
2 (6.7%)

Previous antibiotic adminis-

Categorical variables were compared using Chi-square test and continuous variables

using Mann-Whitney U test.

infections: Acinetobacter baumanni and Kleb-
siella pneumoniae, one disseminated fungal
infection (Mucormycosis), and one influenza
virus lower respiratory tract illness leading to
multiorgan dysfunction. In the ST arm, there
were 2 deaths; both patients were in the ALL
consolidation phase and succumbed to clini-
cally diagnosed sepsis with no blood culture
positivity. None of the deaths in the GT arm
were attributed to the intervention after the
causality assessment and DSMB review (Table
3).

Secondary outcomes

The median day to defervescence from ran-
domization was 8 (5-12) d in GT and 8 (5-11) d
in ST (P=0.86). A significant difference was
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tration on an ambulatory

basis before admission was

associated with mortality.
Other baseline characteristics like age, primary
diagnosis, and chest x-ray abnormality at ad-
mission didn’t differ between the ones who sur-
vived and the ones who died. Oxygen require-
ment, inotrope requirement, intensive care
admission, and need for ventilation were signifi-
cantly more in the participants who died.

Discussion

In this study, we evaluated the safety and effi-
cacy of buffy coat-derived granulocyte transfu-
sion in HR FN. Good supportive care is needed
for favorable outcomes in FN. Mortality due to
FN ranges from 10.3% to 23.7% in developed
countries [3, 9]. The overall mortality in our
study was 16.7%.
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Table 2. Baseline investigations

Investigation ST p value
n=30 n=30

Hemoglobin (g/dL) 6.9 (6.1-7.7) 7 (6-8.9) Not significant

Total leucocyte count (x10°%/L) 520 (275-870) 405 (200-850)

Absolute neutrophil count (ANC) (x10°/L) 70 (37.5-127.5) 60 (40-122)

Platelet count (x10°/L) 13.5 (5.75-35) 27 (9.25-116.25)

Procalcitonin (ng/mil) 3.45 (0.49-17.25) 1.9 (0.55-7)

Categorical variables were compared using Chi-square test and continuous variables using Mann-Whitney U test.

Table 3. Primary and secondary outcome parameters

Outcomes aT ST p value
n=30 n=30
28 day mortality 8 (26.7%) 2 (6.7%) 0.08
Day to defervescence from randomisation 8 (5-12) 8 (5-11) 0.86
Days to achieve ANC>500/mm? 4.5 (3-6.5) 8 (4-11) 0.01
Antibiotic days 23(15.8-30.5) 19 (12.8-28) 0.18
Duration of hospital stay 11 (8-5) 9 (6-14.25) 0.51
Hemodynamic instability 2 (6.7%) 2 (6.7%) 1.00
Need for oxygen 16 (53.3%) 14 (46.7%) 0.79
Need for ventilation 8 (26.7%) 2 (6.7%) 0.08
Need for pediatric intensive care unit admission 6 (20%) 1(3.3%) 0.10
Need for high dependency unit admission 10 (33.3%) 4 (13.3%) 0.12
Need for inotropes 9 (30%) 7 (23.3%) 0.77
Microbiologically documented infection 9 (30%) 7 (23.3%) 0.77
Radiologically defined pneumonia 10 (33.3%) 10 (33.3%) 1.00
Volume overload 4 (13.3%) 0 0.11
Transfusion adverse events 1(3.3%) 0 1.00
PRBC requirement 27 (90%) 25 (83.3%) 0.70
RDP requirement 24 (80%) 21 (70%) 0.55
GCSF administered 22 (73.3%) 18 (60%) 0.41
Antivirals received 4 (13.3%) 3 (10%) 1.00
Antifungals received 18 (60%) 16 (53.3%) 0.79

Categorical variables were compared using Chi-square test/Fischer-exact test and continuous variables using Mann-Whitney U

test.

GT has been used in FN; however, mixed results
in efficacy have resulted in it being considered
an underutilized intervention [10]. Until recent-
ly, it remained a largely unexplored area barring
some retrospective and very few prospective
studies which identified its beneficial effect [6,
10, 11]. Granulocytes are derived predominant-
ly from apheresis of the ABO blood group and
Rh-matched donor after dexamethasone and
G-CSF-based mobilisation [12]. Buffy coat is a
reasonable alternative in a resource-limited
setting. We studied the use of buffy coat
because of the easy availability of the product
and its cost-effectiveness.
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In a study by Mastronardi et al., buffy coat-
derived granulocytes were analyzed for neutro-
phil content, viability, and function (measured
by reactive oxygen species production), which
was comparable to apheresis derived and they
recommended it as a viable source [13]. Van de
Geer et al. demonstrated that in buffy coat-
derived granulocyte chemotaxis, adhesion, de-
granulation, reactive oxygen species produc-
tion, in vitro killing was comparable with G-CSF/
Dexamethasone stimulated granulocytes [4]. In
the NHS clinical guidelines, the Granulocyte
working group has also recommended the use
of buffy coat-derived granulocyte transfusion
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Table 4. Comparison of baseline characteristics between survi- derived granulocyte showed a

vors and non-survivors

comparable rise in ANC [14].

Baseline Characteristics

Survivors  Not survivors p

Buffy coat-derived GT has not

n=50 n=10 value been studied prospectively or
Gender compared with apheresis-de-
Males 31 (62%) 8 (80%) 0.47 rived grgnulocyte transfusion.
Females 19 (38%) 2 (20%) We stu(yed the use of buffy
. . . coat-derived granulocytes ver-
Primary Diagnosis sus standard care in high-risk
ALL 19(38%) 5(50%)  0.56 FN.
AML 10 (20%) 3 (30%)
ALL relapse 3 (6%) 1 (10%) The commonest malignancy in
AML relapse 1(2%) 1 (10%) our study was acute leukemia
Lymphomas 8 (16%) 0 which was similar to other stud-
Retinoblastoma 2 (4%) 0 ies [5, 8, 15]. Gram-negative
Ewing’s sarcoma 5 (10%) 0 organ?sms .are the commone;t
Others 2 (4%) o organisms isolated, among whi-
o ) . ch E. coli was the commonest
Antibiotic received before admission . . .
o isolate similar to the previous
No antibiotics 26 (52%) 1 (10%) 0.02 study from our centre [2]. Blood
First line antibiotics 7 (14%) 1 (10%) culture positivity was compara-
Second line antibiotics 15 (30%) 7 (70%) ble to other studies [2]. In a
Empirical Antifungals 2 (4%) 1(10%) study by Bothra et al., in chil-
Focus of infection dren who were on oral antibiot-
Respiratory 16 (32%) 4 (40%) 0.84 ics, chest x-ray abnormalities
Gl 23 (46%) 5 at presentation were identified
Both 1(2%) 0 as predictors for adverse out-
No focus 10 (20%) 1 gomes [2].. A significapt prppor—
Chest X ray abnormality at admission 6 (12%) 0 0.57 tion of children received intra-
venous antibiotics before ad-
mission on an ambulatory basis,
Table 5. Comparison of outcomes between survivors and non- with the majority of them alrea-
survivors dy on second-line antibiotics at
Survived Notsurvived  p the time of enrolment. We iden-
Outcomes n=50 n=10 value tified that those who received
. antibiotics on an ambulatory
Blood culture positivity 3 (6%) 4 (40%) 0.99 basis before admission, which
Need for oxygen 20 (40%) 10 (100%) 0.01
o was a surrogate for delayed
Need for ventilation 0 10 (100%) <0.01 admission, were associated wi-
Need for PICU 3 (6%) 4 (40%) 0.01 th mortality. We started GT
Need for HDU 6(12%)  8(80%)  <0.01 soon after randomization how-
Need for inotropes 6 (12%) 10 (100%) <0.01 ever there was a time-lapse
Microbiologically documented infection 11 (22%) 5 (50%) 0.08 from the onset of FN to admis-
Radiologically defined pneumonia 12 (24%) 8(80%)  0.01 sion for those who received anti-
Volume overload 1 (2%) 3 (30%) 0.01 biotics on an ambulatory basis.
Transfusion adverse events 1(2%) 0 0.99 This may indicate a delay in the
PRBC 42 (84%) 10(100%) 0.33 initigtion of GT in a.particular
RDP 35(70%) 10 (100%) 0.05 febrile episode which could

have led to inferior results. But

Categorical variables were compared using Chi-square test/Fischer-exact test
and continuous variables using Mann-Whitney U test.

as an alternative [12]. In a case report by Gupta
et al., both apheresis-derived and buffy coat-
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in a setup like ours, the majority
of patients with febrile neutro-
penia are treated on an outpa-
tient basis due to a shortage of admission beds
often without a need for admission. In a study
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by Meena et al., 86% of febrile neutropenia chil-
dren recovered with outpatient treatment in a
resource-limited setting [16].

The survival outcomes of the granulocyte trans-
fusion cohort were comparable with other pe-
diatric studies with febrile neutropenia who
received granulocyte transfusion. It was 73% in
the GT arm which was comparable to other
studies including viz Siedel et al. (72%), Atay et
al. (77%), Ozturkmen et al. (60%) and Sach et
al. (81.5%) [5, 6, 17, 18]. The mortality rate was
higher in the GT arm compared to the standard
arm. There were 8 deaths in the GT arm and 2
deaths in the ST arm. All deaths were in chil-
dren with hematological malignancies. In the
GT arm deaths, the primary diagnosis included
2 relapsed ALL and 2 AML cases; however, the
ST arm had no relapse cases. General sick-
ness levels could be higher in relapse cases
receiving intensive chemotherapy. When we
compared the children who died with those
who survived we found that a greater propor-
tion of those who succumbed had been on
intravenous antibiotics on an ambulatory basis
before admission compared to the ones who
survived.

There was a significant difference in the time
to attain an ANC>500/mm?3. The GT arm had a
faster neutrophil recovery compared to the
standard arm among those who achieved he-
matological response however, there was no
difference in the duration of hospital stay, anti-
biotic days, and occurrence of adverse events.
Even though there was faster neutrophil recov-
ery, it did not translate into a clinical and mor-
tality benefit. It was similar to the observation
in previous studies where a faster hematologi-
cal recovery was not converted into a clinical
benefit [19, 20].

The dose of granulocyte transfusions, initiation
time, and its correlation with disease outcom-
es in previous studies has shown conflicting
results. Kim et al. in a retrospective review of
adult hematological cases found that there was
no correlation between the dose of granulocyte
transfusion and clinical outcomes [19]. On the
contrary in a retrospective study, Luciana et al.
found that a standard dose of 1.5-3x108/kg is
more beneficial, which has been proven in
other studies including the RING study where
post-hoc analysis demonstrated that a dose
of more than 0.6x10%/kg was beneficial [21].
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Siedel et al. found that early initiation and a
dose of at-least 3x108/kg were desirable for
good outcomes [17]. The dose of granulocyte
transfusion (0.27x10%/kg) in our cohort was
lower compared to what other studies have
found, which may be related to granulocytes
derived from buffy coat compared to those
stimulated by dexamethasone and G-CSF in
apheresis derived granulocyte transfusion.

Garg et al. found that the early initiation of GT
within 7 days of neutropenic sepsis led to an
improvement in 30-day survival, and also had
a decreased febrile period [11]. A multicentric
prospective trial in the pediatric population by
Sach et al. showed that the early initiation of
granulocyte transfusion was beneficial [5].
Uppuluri et al. demonstrated a 13% survival
benefit in a retrospective analysis when GT was
initiated within 48 hours of septicemia com-
pared to late initiation [22]. In our study, even
though the median day of initiation of granulo-
cyte transfusion was day 2 of randomization, a
greater proportion of patients were on ambula-
tory care antibiotics on an outpatient basis
before enrolment which was not uniform within
the cohort.

The discrepancy between hematological and
clinical response could be related to irrevers-
ible damage caused by sepsis that could not
have been reversed even after the restoration
of neutrophils. In some studies, it was found
that clinical response was obtained even in the
absence of a hematological response because
neutrophil migration to diseased tissue sites
occurs before ANC recovery [23].

Severe adverse effects are rare with GT (5% of
the recipients) which include hypotension, pul-
monary infiltrates, and respiratory distress
[24], Price et al. documented up to 20% grade
3-4 reactions in a randomised adult study
where apheresis-derived granulocyte transfu-
sions were used [21]. We found that buffy coat-
derived GT was safe to administer. There was
one child who developed volume overload sec-
ondary to granulocyte transfusion. Hypoten-
sion, fluctuation in arterial saturation, and
TRALI were not documented in our study which
was reported in apheresis-derived GT [11, 18].

The effect of the addition of granulocyte trans-
fusion derived from buffy coat to standard of
care in pediatric malignancy with FN has not
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been explored till now. We chose buffy coat-
derived granulocyte which is economical com-
pared to apheresis-derived GT and its use has
not been studied in a controlled setting. We
were able to demonstrate a faster ANC recov-
ery with the use of granulocytes and were able
to demonstrate their safety.

The shortcomings of our study were the small
sample size and the buffy coat given accord-
ing to the weight which may not contain the
required dose. There was some delay in the ini-
tiation of buffy coat in some cases because of
late admission due to the non-availability of in-
patient hospital beds. Future studies with ear-
lier initiation of buffy coat granulocytes in the
intended dose could be undertaken to gener-
ate more evidence to either support or refute
this modality of supportive care which is easily
available and cheaper compared to the apher-
esis granulocyte transfusions.

Conclusions

Buffy coat-derived granulocyte transfusion was
safe to administer in children. Granulocyte
transfusion leads to early hematological recov-
ery but it did not lead to survival benefit.
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