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During the last years the mechanical withdrawal of white blood cells (WBC)
by a continuous flow cellseparator (CFC) was shown to be an effective method to
treat chronic leukemias, especially in certain situations (1, 2, 3, 6, 7, 8). We want

Table I: Clinical datas of patients with CML and CLL submitted to leukapheresis

NUMBER | FEMALE | MALE | AVERAGE Lamgn:s UNTREATED PRETREATED
AGE x 1o 7 /o
CML 20 9 11 51.05 28 7 3

23-19) (63-700)

cLL 12 8 § .3 %7 6 6
(49-81) (110-660)

Table II: Indication for leukapheresis in patients with CML and CLL

CHL “CLL
H1GH PERIPHERAL COUNT 11 2
INCIPIENT BLAST CRISIS 2 é
RESISTANCE AGAINST CYTOSTATICS 2 é
INCOMPATIBILITY OF CYTOSTATICS 2 4
INITIALTHERAPY 3 6 _
TOTAL 20 12
L— - ——
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Table III: Results of leukapheresis therapy

NUMBER OF { MEAN DURATION OF A BLOOD VOLUME LEUKOCYTE LEUKOCYTES
LPH SINGLE PROCEDURE/HOURS POSESSED PER REDUCTION | REMOVED X 1
PROCEDURE 4 PER PROCEDURE
ML 1o8 4,03 7.95 56 3,02
105 “, 502 207 - 11.8 2105'880“ 009 - 11.2
CLL 142 4,16 7.8 77.06 4,00
0,9 - 6.7 2,1 - Jo.2 “089‘“02 ok - 15007
'JT {i j g{’ {), ﬂ 1 '?[;j’#‘ \"l ;‘ﬂ 4;‘ v WU?‘LU mﬁmwa il ‘ .} 2l

to demonstrate our results obtained in 20 patients with CML and in 12 patxents
with CLL who underwent repeated leukapheresis using an AMINCO cellseparator.

The clinical datas were shown in tab. 1. The indication for leukapheresis was
mainly high peripheral cell count with signs of hyperviscosity in some of the
patients, resistance to cytostatic treatment or incompatibility of cytostatic drugs.
Also untreated patients entered this study (tab. 2).

The results obtained by leukapheresis are shown in tab. 3. In all cases a-quick
decrease in the peripheral cell count could be obtained by a single serie of 3—4
subsequent procedures. The number of removed cells. varied from 0,9 — 11,2 x 10
in cases of CML and from 0,4 — 16,7 x 101 in cases of CLL. A close relationship.
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Fig. 1: Clinical course of a long time leukapheresis therapy in a patient with CML.
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Table IV: Mean values of removed leukocytes in patients w1th CML and CLL

with different pretreatment values

peripheral
.| 1leukocyte count

béfore CML CLL

Leucapheges:s - -

(103/mm n X s n X s

40 - 60 11 1,43] 0,64 14 12.59 | 0.86

60 - 80 22 1.49 | 0.62 16 13.36 | 1.02

80 - 100 17 2.041 0.79 13 |4.06 | 1.07
0O - 150 24 3.131 1.9 26 (5.31 }11.64
%50 - 200 . 5| 4.701 1.49 7 16.85 | 1.93

was seen between the initial cell count and the number of removed cells (t‘ab. 4).
The procedure itself was well tolerated and many of the patients were treated as
out patients. One patient with CML was treated with 55 leukaphereses over a
period of more than 2 years until her disease underwent malignant transforma-
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Fig. 2: Clinical course of a long time leukapheresis therapy in a patient with CLL.
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Table V: Increase of the S and Ga+M fraction in the bone marrow and peri-
pheral blood in a patient with CML after 4 subsequent leukaphereses
K.R. & DNA-histogram Enlarged
CML LI Gy S G2/M Leuko Spleen Liver
BLOOD 11.8% 60% 18% 22% 320000 +++ +
B.M. 4,5% 65% 17% 18%
after '4 Leukaphereses (Cell separator)
BLOOD 23.5% 51% 26% 23% 275000 ++(+) +
B.M. 13.6% 59% 21% 20%

tion (fig. 1). Another patient with CLL was also treated by 69 leukaphereses alone
over a period of 3 years (fig. 2). This way a possibility is demonstrated to treat
patients with chronic leukemia over a longer period of time without using any
cytostatic drugs.

Kinetic studies were done by autoradiography and impulsecytophotometry in
6 cases of CML during a serie of 4 leukaphereses. Only in one case a slight in-
crease of the S and Gy/M fraction was observed after the serie (tab. 5). This
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Fig. 3: Repeated leukapheresis in a patient with CML who developed resistance to di-
bromannitol.
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Table VI: Loss of blood cells during leukapheresis

NUMBER OF LOSS OF LOSS OF
LEUKAPHERESIS PLATELETS % ERYTHROCYTES X

67 28,57 4,98

Table VII: Side effects of leukapheresis

LOSS OF ERYTHROCYTES
LOSS OF THROMBOCYTES

HYPOVOLUMINIA

ANAPHYLACTOID REACTION CAUSED BY
PLASMAEXPANDER

INCOMPATIBILITY AGAINST PROTAMIN
LOCAL THROMBOPHLEBITIS

proves that proliferation of leukemic cells is probably not enhanced by mechanical
cellremoval. However, in one case of resistance to dibromannitol a good response
to the same drug was seen after 6 leukaphereses had been performed (fig. 3).

In patients with CLL leukapheresis led to an increased blastic transformation
rate and in some cases changes in the cytochemical findings were seen (4). Side
effects were mainly the loss of platelets and the loss of erythrocytes which in some
cases required a transfusion of packed red cells (tab. 6). Therefore patients with
platelet counts below 20.000/cmm were not treated by leukapheresis. Sometimes
anaphylactoid reactions to dextran and protamin were seen as well as local
thombophlebitis (5) (tab. 7). According to our experience with leukaphereses by
CFC in the treatment of chronic leukemias the following points might be taken
into consideration (tab. 8). Leukapheresis is an expensive, time and personal con-
suming procedure which is accompanied by a loss of erythrocytes and platelets
and which does not influence the basic disease. The benefits of the procedure are:
it is well tolerated and side effects such as hyperuricemia and bone marrow aplasia
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Table VIII:

DISADVANT AGES ADVANTAGES OF LEUKAPHERESIS
EXPENSIVE PROCEDURE , WELL TOLERATED' :

LOSS OF ERYTHROCYTES MINIMAL SIDE EFFECTS

BASIC DISEASE IS NOT ‘ NO BONE MARROW TOXICITY
INFLUENCED '

Table IX: Indication for leukapheresis

A) HIGH PERIPHERAL CELL COUNTS WITH
CLINICAL SYMPTOMS,WHICH REQUIRES BRISK
CELL REDUKTION, ’

(INCREASED BLOOD VISCOSITY)
B) RESISTANCE AGAINST CYTOSTATICS
C) INCOMPATIBILITY OF CYTOSTATICS
D) PREGNANCY

are absent. It has also to be mentioned that large amounts of granulocytes can be
obtained of patients with CML, wich permits granulocyte transfusions in leuko-
penic patients. Leukapheresis should therefore be used in patients with a high
peripheral cell count which requires a brisk cell reduction as well as in cases of
resistance to cytostatic drugs and in cases of inability to use irradiation or cyto-
static treatment, f. i. in pregnancy (tab. 9).

Since most cytostatic agents currently used in the treatment of acute leukemia
are strongly cell cycle dependent, their cytotoxic effect correlates with the pro-
liferation rate of a certain cell population. The proliferation kinetics of leukemic
cells vary from one case to another, therefore the effect of the same kind of
leukemia can be different. Also the proliferation pattern of a leukemic population
is often changed after the application of cytostatic drugs. Therefore the knowledge
of the proliferative parameters of a leukemic cell population might help to predict
the response to a certain drug. The possibility presented by the flow system anal-
ysis of impulsecytophotometry to obtain within a short time useful informations
about the proliferative state of a given cell suspension is a considerable contri-
bution to the cytostatic treatment of leukemic patients.
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Method:

Blood and bone marrow samples are fixed with ethanol and stained with
ethidium bromide. Ethidium bromide is a fluorescent dye which binds quantita-
tively the double stranded nucleic acids. The amount of ehtidium bromide bound
per cell corresponds'with the DNA content of each cell. Since the DNA content
of a cell is a characteristic parameter in each phase of the cell cycle, it represents
a good marker for determining the cellular proliferation kinetics. By this flow
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Fig. 4: Low proliferation activity of leukemic cells in a patient with AL, unchanged despite
of the application of several cytotoxic drugs.
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Fig. 5: Increase of proliferation activity in a patient with AL after 3 courses with
Adriamycine and ARA-C, followed by a complete remission after two further courses.

system 50,000 to 100,000 cells in suspension are measured and each cell is recorded
in a multichannel analyzer according to its ethidium bromide impulse intensity
which corresponds to the DNA content of each cell. Such a measurement results
in a DNA histogram representing the distribution pattern of measured cells ac-
cording to their DNA content. The planimetric evaluation of the DNA histograms
indicates the percentage of cells in the different phases of the cell cycle.

Using this method for measuring the proliferation pattern of peripheral blood
and bone marrow cells in leukemic patients, the following observations were done:

1.) Patients suffering from acute leukemia with no changes in the blood and
bone marrow histogram before and during therapy did not respond to various
cytostatic drugs and had a bad outcome (fig. 4). This is in accordance with other
informations in which the prognosis was better when the labelling index of the
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Fig. 6: Increase of the Gz + M fraction after the application of vincristine.
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Fig. 7: Effect of a low dosage of thioguanine following to ARA-C Application leading to
an increase of blastcells in the peripheral count and unchanged proliferation activity.
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Fig. 8: Effect of high dosage of thioguanine following to ARA-C application leading to a
decrease of blastcells in the peripheral count.

blood was increased. Therefore the success of any cell dependent drug should be
related to the extent of the proliferative reactivity of 4 malignant cell population.

2.) A good response to chemotherapy was obtained in leukemic patients who
either showed a high proliferative activity of their blast cells prior to treatment
or who exhibited an increasing amount of proliferating. leukemic cells during
cytostatic therapy. In most cases such changes of the proliferation pattern were
observed in the bone marrow histograms as well as in the peripheral blood. As soon
as a high proliferative activity of leukemic blast cells was reached during chemo-
therapy, a good response was obtained by the cytotoxic treatment with cycle
specific drugs (fig. 5).

Therefore the follow up of the proliferative activity of a leukemic cell popula-
tion might be of prognostic importance. 4.) Cytokinetic changes which are specific
for the action of an applied drug can be measured easily and rapidly by impulse-
cytophotometry. This way the response of leukemic cells to a certain drug can be
observed in each leukemic patient, so that individual changes of the chemothera-
peutic treatment are possible (fig. 6). It is our opinion that the follow up of the
proliferative activity of a leukemic cell population during chemotherapy might
facilitate the individual treatment of leukemic patients on the base of cell pro-
liferation and drug interaction (fig. 7, 8).
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