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Tolerance of granulocyte donors towards granulocyte colony-
stimulating factor stimulation and of patients towards
granulocyte transfusions: results of a multicentre study
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Data of 507 granulocyte donations from 183 donors were evaluated. No severe
granulocyte colony-stimulating factor (G-CSF)-related side-effects were observed.
Three donors complained of severe itching following infusion of hydroxyethyl starch
(HES). A high proportion (85%) of the donors stated that they would donate granulo-
cytes again. The mean granulocyte yield was 4-3 x 10'°. High-molecular-weight HES
resulted in a significantly higher yield compared with low-molecular-weight HES. Mild,
but no severe, adverse transfusion reactions were observed in 16% of the recipients. A
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leucocyte alloimmunization rate of 24% was found. G-CSF stimulation and transfusion
of G-CSF-mobilized granulocytes were well tolerated by donors and recipients, respectively.
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Introduction

As consequence of the use of recombinant granlulocyte
colony-stimulating factor (G-CSF) in the conditioning of
granulocyte donors, new interest has emerged in granulocyte
transfusion therapy. As a result, a 2-year multicentre study
was undertaken by the German Society of Blood Transfusion
and Immunohematology to:

(1) develop a common preparation protocol;
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(2) collect adverse effects of G-CSF stimulation and
granulocyte apheresis;

(3) follow up stimulated donors, as suggested by ethical
considerations [1]; and

(4) document side-effects of G-CSF-mobilized granulocytes
in recipients.

Subjects and methods

The study was registered with the German Authorities.
Approval was obtained from the institutional review boards,
and informed consent of the donors was provided according
to the declaration of Helsinki. All family and random donors
met the criteria of the German guidelines for blood donations
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and apheresis. G-CSF (Filgrastim or Lenograstim) was admin-
istered at a dose of 5 ug/kg body weight, subcutaneously, 8-
16 h before apheresis. No additional steroids were used. As a
sedimentation agent, 10 ml/kg of regular HES 450/0-7 or of
medium-molecular-weight HES 200/0-5 was utilized, but not
more than 750 ml of HES was used during a single apheresis.
The number of granulocyte donations was limited to four per
donor and year. Consecutive daily or alternate-day collec-
tions were undertaken. A processed blood volume of = 7 1
was recommended. Granulocyte concentrates obtained from
ABO- and RhD-compatible donors were irradiated (30 Gy).
A leucocyte crossmatch, which comprised at least a lympho-
cytotoxicity test, was performed prior to undertaking a series
of granulocyte transfusions from each donor.

Results and Discussion

A total of 507 granulocyte concentrates collected from 183
donors (male, n = 138; female, n = 45) were evaluated. The
mean donor age was 37 (range 18-65) years. A mean dose of
5-1 ug of G-CSF/kg body weight (range 3-6-10 ug/kg) was
administered. G-CSF administration was well tolerated in our

study and side-effects were mild, as shown in Table 1. How-
ever, the rate of G-CSF-related side-effects increased from
580% after the first administration to 63% after the fourth
administration. Apheresis-related reactions were observed in
14% of the donors. Nine donors complained of mild itching
and three donors of severe itching related to HES infusion
during apheresis. As the latter side-effect is dose-dependent,
this finding supports the recommendation to limit the number
of granulocyte donations [2]. Only 13 donors with severe
bone pain, headache and itching required medication and 5%
would not agree to donate granulocytes again (85% agreed).
As, in our study, there could be an intervening period of several
days between the four donations, a slight (but not significant)
decrease of donor haemoglobin and platelet count was
observed. The neutrophil counts increased from 24-2 x 10°/1
after the first G-CSF dose to 34-6 x 10°/1 after the fourth dose,
which is not significantly different from the neutrophil
counts obtained after daily G-CSF administration [3]. After
4 weeks, the blood counts returned to normal in all donors.
The granulocyte concentrates showed a mean volume of
279 ml (range 200-470 ml), a median content of 3-8 x 10'°
(0-3-14-3 x 10'%) granulocytes and 1-0 x 10" (0-1-5-5 x 10')

Table 1 Granulocyte colony-stimulating factor
(G-CSF)-related side-effects in granulocyte

1st donation 2nd donation  3rd donation  4th donation

donors (n=183) (n = 150) (n = 116) (n=61)

No complaints 77 (42%) 59 (39%) 51 (44%) 23 (37%)
Bone pain

Mild 45 36 32 14

Severe 1 5 2 1
Headache

Mild 35 35 22 12

Severe 3 1 3
Fatigue

Mild 28 29 13 10

Severe 4 5 4 3
Myalgia

Mild 22 22 17 9

Severe 2 1 0
Crawling

Mild 14 8 9 7

Severe 2 0 0
Dizziness

Mild " 8 6

Severe 2 1 0 0
Itching

Mild 5 5 4 4

Severe 1 1 3 2
Arrhythmia 5 6 3 2
Chill 5 4 2 0
Skin rash, flush, sweating 4 3 3 3
Otherside-effects, complained 6 3 4 0

of by not more than one donor
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1st transfusion 2nd transfusion

3rd transfusion

Table 2 Side-effects of granulocyte transfusions
4th transfusion

in patients
(n=77) (n =58) (n=39) (n=20)
No side-effects 63 (81%) 49 (84%) 34 (87%) 15 (75%)
Fever 8 5 4 2
Skin rash 4
Chill 2 1 1 1
Dyspnoea 0 2 0 1
Tachycardia 0 1 0 1

platelets, and a median haematocrit of 0-12 (0-02-0-41). The
yield increased from a median of 3-41 x 10'° granulocytes
in the first donation to 5-52 x 10'° in the fourth donation,
with a significant correlation to the HES preparation used.
Standard HES 450/0-7, as a sedimenting agent, resulted in
a significantly increased granulocyte yield compared with
low-molecular-weight HES 200/0-5 (41 x 10'°vs. 3-5 x 10°,
P = 0-01), confirming the experience of other investigators
[4]. Examination of donors, 2-4 weeks and 2 years after their
last donation, revealed no GSF-related chronic side-effects.
Adverse reactions of granulocyte transfusions in the patients
were rare and mild, as shown in Table 2. This was also
observed by others [5,6] and has been attributed to the altered
expression of membrane glycoproteins (e.g. a decrease in L-
Selectin) of G-CSF-mobilized granulocytes. Of 194 transfu-
sion reports evaluated, only three patients complained of
respiratory distress; those patients did not require mechanical
ventilation. Two of these patients had received granulocyte
transfusions despite a positive lymphocytoxicity crossmatch.
Pulmonary reactions, owing to leucocyte antibodies in the
recipient, have also been observed by others [7]. In addition,
a positive leucocyte crossmatch was reported to adversely
affect granulocyte increments and clinical outcomes [8,9]
and has been identified as an adverse element in a meta-
analysis of prophylactic granulocyte transfusion studies [10].
On the other hand, five patients with life-threatening infec-
tions showed only mild febrile reactions in our study, despite
a positive lymphocytotoxicity crossmatch, indicating that
leucocyte incompatibility is not necessarily associated with
severe transfusion reactions.

The transfusion of an adequate dose of granulocytes has
been shown to be significantly associated with the efficacy
of granulocyte transfusions [10,11]. In our study, a mean of
10-9 x 10® granulocytes/kg body weight (median of 7-5 x
10%/kg, range: 1-3-53 x 108/kg) were transfused. In a canine
model of severe granulocytopenia and experimental
Pseudomonas aeruginosa septicaemia, a granulocyte dose of
2:0 x 108/kg was found to be efficacious [12]. Qualitative
reviews of the literature indicate that, in adults, a daily dose
of > 1 x 10'° granulocytes (= 4 x 10'%) and, in septic neonates,
of > 1 x 10°/kg, should be administered [11].

A poststudy examination of 21 patients revealed that five
(24%) became alloimmunized, which is similar to the rate in
a recently published study [5]. Three of these patients devel-
oped human leucocyte antigen (HLA) antibodies and, in the
other two patients, granulocyte alloantibodies were specified
as anti-HNA-2a (NB1) and anti-HNA-3a (5b). In patients
with chronic granulomatous disease or bone marrow failure,
alloimmunization rates of 78% have been found [7]. How-
ever, in our study, the patients were neutropenic because
of chemotherapy or following haematopoietic stem cell
transplantation.
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