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The role of leukocyte transfusions in
the prevention and treatment of
infections in adults with granulocytopenia
was investigated. Leukocytes were
obtained from healthy volunteers by
continuous-flow centrifugation.
Histocompatibility antigen (HLA)-matched
leukocytes were used to assess the
prophylactic value of leukocyte
transfusions.
Seven patients with acute

myelogenous leukemia received
HIA-matched leukocytes during the
period of maximal granulocytopenia
associated with initial remission
induction therapy; 20 concurrently
treated patients who did not receive
leukocyte transfusions were the control
group. The patients receiving
HLA-matched leukocytes had significantly
fewer (P = 0.043) infectious episodes
(not bacteriologically proven) during
the study period, and remission
occurred in 5 of the 7, compared with
10 of the 20 controls.

In addition, 52 series of two or
more ABO-compatible transfusions were
given to 50 patients with proven
infection or elevated temperature
presumed due to infection and a
granulocyte count of less than
0.5 x 10./L. Response, indicated by a
decrease in temperature, occurred
in 23 patients.

Leukocyte transfusions thus have an
important adjuvant role in the
management of patients with severe
granulocytopenia.

On a etudie le r6le de Ia transfusion
de leucocytes dans Ia prevention et
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le traitement des infections des adultes
atteints de granulocytopenie. Les
leucocytes ont ete obtenus de
volontaires sains par centrifugation a
debit continu. Des leucocytes
compatibles pour le systeme des
antigenes dhistocompatibilite (HLA)
ont ete utilises pour etablir Ia valeur
prophylactique des transfusions de
leucocytes.
Sept patients souffrant de leucemie

myeloide ont re.u des leucocytes
compatibles pour le systeme HLA
pendant Ia periode de granulocytopenie
maximale associee au traitement
d'induction de remission initiale; 20
patients traites concurremment et qui
n'ont pas re.u de transfusion de
leucocytes ont ete employes comme
groupe temoin. Les patients qui ont
re.u des leucocytes compatibles pour
le systeme HLA ont eu significativement
moms (P = 0.043) d'episode. infectieux
(sans confirmation bacteriologique)
pendant Ia duree de l'etude, et une
remission a ete obtenue chez 5 sujets
sur 7, comparativement a 10 temoins
sur 20.
De plus, 52 series d'au moms deux

transfusions compatibles pour le
systeme ABO ont ete administrees
a 50 patients souffrant d'une infection
demontree ou d'une temperature elevee
presumement due a une infectinn
et ayant un decompte des granulocytes
de moms de 0.5 x 109/L. Une reponse,
indiquee par une detervescence, est
survenue chez 23 patients.

Les transfusions de leucocytes ont
donc un r6le d'appoint important dans
le traitement des patients presentant
une granulocytopenie profoncte.

Infection is the major cause of death
of patients with acute leukemia,1'1 and
granulocytopenia is the most important
predisposing factor to infection in these

patients.3 Chemotherapy during remis-
sion induction temporarily increases the
granulocytopenia."4 Since granulocytes
are required to kill even antibiotic-
inhibited bacteria, antibiotic therapy
during granulocytopenia is less effec-
tive.5'6 Transfusions of peripheral blood
leukocytes provide a means of reducing
the degree and duration of granulocyto-
penia.79 Leukocyte transfusions given
to granulocytopenic patients with infec-
tion frequently result in decreased tem-
perature and clinical improvement.'0-14

This report describes (a) a prospec-
tive study demonstrating the effective-
ness of transfusions of histocompatibil-
ity antigen (HLA)-matched leukocytes
in the prevention and control of infec-
tion during remission induction therapy
in adults with acute leukemia, and
(b) our experience at Princess Margaret
Hospital, Toronto, in treating infections
in granulocytopenic patients with leuko-
cytes from healthy volunteers.

Methods

Leukocyte procurement

Peripheral blood leukocytes were col-
lected by a continuous-flow centrifuga-
tion technique'5 with anticoagulant ci-
trate dextrose solution, National In-
stitutes of Health formula A.

Donors were healthy family mem-
bers, friends or unrelated volunteers
between 18 and 66 years of age.
Donor-recipient pairs were of the same
ABO blood type. HLA typing'6 of the
donor and recipient was done on oc-
casion.

Procedures in leukocyte transfusion

The leukocytes, suspended in citrated
autologous plasma, were transfused
within 1 hour after completion of the
leukapheresis. Hemoglobin concentra-
tion, leukocyte count and differential,
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Table I-Clinical details* of patients in prospective study of leukocyte transfusions

Remission induction Initial cell counts (x 1O./L)
Age (yr), chemotherapy (no. of No. of leukocyte No. of days of Clinical status

No. sex courses); response transfusions temperature> 380C Leukocytes Platelets during study period

60,M CAV(3);CR

16 16, F ADR-ARA-C (1); CR

*Median values italicized. Abbreviations: HLA histocompatibility antigen: CAV = cyclophosphamide, arabinosyl cytosine (ARA-C) and vincristine;
CR = complete remission; F = failed; ADR = adriamycin; PR = partial remission.
fEarly death; donor and recipient differed by one haplotype.



treated concurrently. They did not have
an HLA-compatible sibling and did not
receive leukocyte transfusions during
this part of remission induction therapy
unless evidence of life-threatening in-
fection developed. ABO-compatible
leukocyte transfusions were made avail-
able for these patients. Those in whom
infection developed after the study pe-
riod often received ABO-compatible
leukocyte transfusions as described
below.

Leukocyte transfusions for
established infection

Adult patients with various malignant
diseases who had (a) an infection or
an unexplained fever not responsive to
at least 48 hours of appropriate anti-
biotic therapy and (b) potentially re-
versible granulocytopenia with a granu-
locyte count of less than 0.5 x 109/L
were candidates for a series of trans-
fusions of leukocytes from ABO-com-
patible donors. Transfusions were given
daily for as long as the clinical condi-
tion necessitated it. Data for patients
who received fewer than two leukocyte
transfusions were excluded from anal-
ysis. A total of 52 consecutive series
of transfusions of ABO-matched leuko-
cytes were given to 50 patients.

Definition of response to leukocyte
transfusions

A response or improvement was de-
fined as a persistent decrease of the
mean daily temperature to normal, or
by more than 20C when associated with
clinical improvement, within 24 hours
and for more than 2 days. Transient
clinical improvement alone was not

a) Remission induction with CAV
Sibling(s)available

CYCLO
ARA -c
VCR

considered a response to leukocyte

transfusions.

Results
Characteristics of leukocyte collections

Data from 50 consecutive leukocyte
collections from healthy donors are
summarized in Table II.

Leukocytes from 20 consecutive pro-
cedures were examined by the trypan-
blue dye exclusion test; 98 to 100%
of the cells were found to exclude the
dye. CFU-C formation, tested on 136
occasions, was generally greater than
that observed for unseparated peri-
pheral blood leukocytes, indicating no
impairment of proliferative capacity
(Fig. 2a). Intact metabolic function was
indicated by the CSA production by ir-
radiated leukocytes obtained from the
leukapheresis cell collection (Fig. 2b).

Prospective study of prophylactic
leukocyte transfusions (Tables I and III)
The two groups of patients were

comparable with respect to the prognos-
tic factors of age and initial leukocyte
and platelet counts. The mean absolute
granulocyte and platelet counts at the
beginning of the study period and the
nadirs of these counts were similar for
the two groups. Remission occurred in
5 of the 7 patients who received leuko-
cyte transfusions during remission in-
duction therapy, and in 10 of the 20
patients who did not receive prophylac-
tic leukocyte transfusions. The number
of episodes of infection (those clinically
compatible with infection but not bac-
teriologically proven) was significantly
less (P = 0.043) in the patients receiv-
ing prophylactic leukocyte transfusions.
There was no significant difference
(P > 0.10) in the number of bacterio-
logically proven infections in the two
groups. The number of days of elevated
temperature (mean daily temperature
greater than 38 0C) was significantly
less (0.05 > P > 0.025) in the patients
who received transfusions than in the
control group.

No sibling available

ARA-C
ADR

cyclophos-

Table Il-Data from 50 consecutive leukocyte
collections from healthy donors

Mean .
Datum standard deviation

Volume of blood 8.1 . 1.1
processed (1)

No. of cells collected
per procedure (x 10.)
Leukocytes 3.0 2.5
Lymphocytes 2.4 ± 1.8
Granulocytes 0.7 . 0.8
Monocytes 0.08 0.1

Volume of blood 35.2 . 19.2
loss (mL)*

Volume of cell 93.2 ± 35.7
collection (ml)

*Hematocrit of cell collection (%) x volume
of cell collection (ml) + hematocrit of donor
(%).

a

A

-- -with 200/oLC
--without LCM

2 3 4 5



Table Ill-Clinical results of propective study of prophylactic leukocyte transfusions

Group
Transfusion recipients Controls (no transfusions) Significance

Datum (n = 7) (n = 20) of difference*
Age (yr)
Median 47 54 NS
Range 41 - 67 16 - 77

Initial leukocyte
count (x 10./L)
Median 4.9 12.8 NS

Range1.3 - 142.0 0.9 - 200.0
No. of remissions
complete and partial 5 10 NS

Total no. of episodes
of infection 2 15 P = O-043t

No. of bacteriologically
proven infections 1 10 P> 0.lOt

No. of days of temperature
>380C
Median 0 2 0.05 > P> 0.025.
Range 0-20-15

*NS = not significant.
tBy Fisher's exact test.
.By rank-sum test (one-sided).

Leukocyte transfusions for established increase was observed in 15 of the 23
infection series of transfusions associated with

After 23 of the 52 series of ABO- clinical improvement (P > 0.005)
matched leukocyte transfusions given (Table V). In eight patients improve-
because of infection the patient's con- ment occurred without a sustained in-
dition improved (Table IV). Infection crease in absolute granulocyte count.
was proven microbiologically in 12 of Discussion
the 23 episodes, as well as in 17 of
the 29 episodes not associated with Our study has demonstrated the ef-
response to leukocyte transfusion. Of fectiveness of HLA-matched leukocyte
the 36 patients with AML 19 were transfusions in the prevention and con-
given leukocyte transfusions during the trol of severe infections in granulocy-
period of initial remission induction topenic patients with AML. Significant
therapy; complete remission'1 occurred reductions in the number of infectious
in 8 of the 14 who responded to the episodes and days with elevated tem-
transfusions but in only 1 of the 5 who perature were found in the group re-
did not respond. ceiving transfusions.
The number of leukocyte transfu- HLA-matched leukocytes were chosen

sions, the frequency of transfusions and for transfusion because these types of
the numbers of leukocytes, lymphocytes cells have the highest percent recovery
and granulocytes were not related to in the recipient and therefore may be
response to the leukocyte transfusions. assumed to be the most effective type
An increase in the absolute granulo- for transfusion.'2 The study design en-

cyte count in a leukocyte transfusion abled us to compare the clinical course
recipient of at least 0.4 x 10'/L for of patients who received leukocyte
3 days or more that tended to progress transfusions with that of similarly
was considered significant. Such an treated patients not receiving transfu-

Table lV-Clinical response to leukocyte transfusions for established infection

Clinical response to transfusions;

no. of episodes of infection
Diagnosis Improvement No improvement

Acute myelogenous leukemia 18 (14*) 18 (5*)
Acute lymphoblastic leukemia 2 7
"Hairy-cell" leukemia 0 1
Chronic myelogenous leukemia,

blast crisis 1 2
Malignant lymphoma 1 0
Solid tumour 1 1

Total 23 29

Table V-Clinical response to leukocyte
transfusions and increase in absolute granu-
locyte count

Significant lncrease*
in absolute granulo-

cyte count
Clinical
response Present Absent
Improvement, n = 23 158
No improvement, n = 29 128
*An increase of at least 0.4 x 10'/L for
3 days or more that tended to progress;
P < 0.005 (by Fisher's exact test for associa-
tion of granulocyte increase and improve-
ment).



laboratory, Toronto Western Hospital, for
the tissue typing; and Dr. G.M. Kouroupis,
Wellesley Hospital, Toronto, for the tests
for hepatitis A antigen.
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