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Introduction

Although a number of therapeutic modalities 
are available for the treatment of patients with 
chronic granulocytic leukaemia, drug treatment 
using Busulphan is most widely favoured. How
ever, while the quality of life is improved with 
this agent, median survival remains essentially 
unchanged at approximately three and a half 
years (Huguley, 1972) and, furthermore, cyto
toxic chemotherapy is associated with signifi
cant morbidity. Similarly, while the role of 
splenic irradiation remains controversial, it is 
undoubtedly effective in reducing both the size 
of the spleen and the granulocyte mass. Never
theless, reservations about its use persist follow
ing a report from the British Medical Research 
Council (1968) that splenic radiotherapy 
actually shortens survival and, furthermore, its 
benefits are also questioned by Gollerkei and
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Shah (1971) and by Conrad (1973): unfor
tunately none of these three studies provides 
the essential information about the techniques 
and doses employed, so that critical evaluation 
is difficult.

By way of contrast, our own observations and 
those of Monfardini, Gee, Fried and Clarkson 
(1973) suggest that this approach may have 
more merit than is generally appreciated. We 
have, accordingly, undertaken a prospective 
controlled study to define, in the short term, 
the benefits of splenic irradiation in reducing 
spleen size, lowering white cell count and 
reversing bone marrow hypercellularity. The 
long term effects, including the incidence of 
blastic transformation and median survival, 
must remain the subject of a further report.

Material and Methods
Twenty-seven patients referred to the Leu

kaemia Service at the Groote Schuur Hospital 
during a one year period have been analysed. 
The criteria for diagnosis were: raised peri
pheral white cell count with characteristic 
morphology, densely packed bone marrow on 
aspiration and trephine biopsy, and reduced 
leucocyte alkaline phosphatase. Peripheral 
blood or bone marrow was examined for the 
presence of Philadelphia chromosome in all 
individuals: the technique was successful in 
28 out of the 43 cultures and positive in half 
of these. Attempts to correlate the presence of 
Philadelphia chromosome with the clinical 
course of the patients in this study was un
successful.

The relevant clinical data are presented in 
Table I.

Twelve of the patients had received previous 
busulphan for periods ranging from three 
months to six years, and all were referred to the 
Leukaemia Service because continued drug 
therapy was unsuccessful in controlling their 
disease.

The remaining 15 patients were newly diag
nosed and untreated at the time of splenic 
irradiation.

Of these 27 patients, 10 died during the year: 
eight from the group who had received previous 
chemotherapy and two from the untreated
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TABLE I.

Patient Race Sex Diagnosed
Philadelphia
Chromosome Comment

Previously 
Treated

1 77 W M 1966 Failed Died. Congestive cardiac failure. Minimal 
residual disease.

2 45 W M 1968 Negative Died. Blastic transformation.
3 40 C F 1968 Negative Requires chemotherapy for control of throm

bocytosis.
4 59 B M 1970 Negative Died. Blastic transformation.
5 24 C F 1970 Failed Died. Blastic transformation.
6 81 w F 1971 Negative Died. Ischaemic heart disease. Minimal 

residual disease.
7 80 w F 1970 Negative Died. Pulmonary infection with septicaemia.
8 36 c F 1972 Positive Requires chemotherapy for control of throm

bocytosis.
9 66 w F 1972 Failed Well controlled at present.

10 36 B M 1972 Failed Died. Blastic transformation.
11 54 G F 1971 Positive Well.
12 36 W M 1972 Negative Died. Blastic transformation.

Previously
Untreated

1 41 C M 1972 Positive Well.
2 34 G M 1972 No record Well.
3 48 C F 1973 Failed Well. Requires chemotherapy for control of 

thrombocytosis.
4 22 G M 1973 Positive Chemotherapy for control of thrombocytosis.
5 38 B F 1973 Positive Died. Blastic transformation on admission.
6 67 W M 1973 Failed Well.
7 73 W M Failed Died. Acute myocardial infarction.
8 45 W F 1974 Positive Well.
9 52 C F 1974 Failed Well.

10 37 A F 1973 Positive Well. Requires chemotherapy for control of 
thrombocytosis.

11 34 B M 1974 Positive Failed.
12 40 G M Positive Well.
13 44 G M Positive Well.
14 73 W M Failed Well.
15 64 C F No record Well. Requires chemotherapy for control of 

thrombocytosis.

A — Asiatic; B — Black; C — Coloured; W — White.

group. Of the eight previously treated patients, 
five died in refractory acute myeloblastic trans
formation, two from congestive cardiac failure 
with minimal residual disease, and the eighth 
patient from overwhelming pulmonary infec
tion with septicaemia. One of the two patients 
from the previously untreated group died from 
acute myocardial infarction; the second, who 
had already undergone blastic transformation, 
died on presentation. The difference in death 
rate undoubtedly relates to the longer period 
that the previously treated patients have carried 
their disease, and the higher incidence of blas
tic transformation is probably best explained 
on the same basis.

During this pilot study busulphan was with
drawn, and radiotherapy with a 250 kv (3,5 
mm copper H.V.T.) machine administered to 

an incident dose of 1 500-2 000 r to a single 
anterior abdominal field encompassing the 
spleen alone. This portal was contracted in 
parallel with decreasing spleen size.

It is noteworthy that all the patients receiv
ing radiotherapy, even the one who presented 
with blastic transformation, responded objec
tively. In those previously treated there was an 
80 per cent, reduction in palpable spleen size, 
compared with 90 per cent, in previously un
treated individuals. Similarly, white cell counts 
were reduced by 88 per cent, and 93 per cent, 
respectively.

The bone marrow status, assessed on aspira
tion and trephine biopsy, was interesting. In 
23 patients where serial studies were possible, 
three showed return to complete normality on 
morphologic criteria following splenic irradia-
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TABLE II.
Disease Status in Chronic Granulocytic Leukaemia.

T — Tumour F — Function C — Complications
1 Total white cell count’.— 1. Uric acid: — 1 Haemoglobin level: —
1.1 up to 49 000/ul 1.1 plasma uric acid above 7,5 1.1 normal — above 13 g/dl
1.2 50 000 to 149 000/ul mg/dl 1.2 10 to 13 g/dl
1.3 150 000 to 299 000/ul 1.2 urine uric acid above 250 1.3 below 10 g/dl
1.4 300 000/ul and above mg/24 hrs. 2 Platelet count/ul: —
2 Splenomegaly (colloid scan) : — 2 Philadelphia chromosome: — 2.1 above 1 000 000
2.1 up to 10 cm (normal size) 2.1 positive 2.2 750 000 to 1 000 000
2.2 11 cm to 20 cm 2.2 negative 2.3 500 000 to 749 000
2.3 21 cm to 30 cm 2.3 technical failure 2.4 250 000 to 499 000
2.4 greater than 30 cm 3. Muramidase: -— 2.5 100 000 to 249 000
3 Bone marrow status (trephine

biopsy):— 3.1 plasma muramidase elevated 2.6 below 100 000
3.1 normal marrow 3.2 urine muramidase elevated
3.2 25% increase in cellularity 4 Leucocyte alkaline phos
3.3 50% increase in cellularity phatase:—
3.4 75% increase in cellularity 4.1 normal
3.5 packed marrow 4.2 elevated

4.3 low _____________________________

tion alone. A further five showed a well- 
marked improvement and in the remainder 
gross disease persisted.

Six patients receiving splenic irradiation, 
four of whom had previously received no other 
therapy, demonstrated significant thrombo
cytosis despite marked reduction in spleen size, 
and these, currently, are on small doses of 
Chlorambucil to control their raised platelet 
counts.

In order to monitor our response to therapy, 
a simple flow chart has been devised for suitable 
computer analysis (Table II).

Discussion

All the patients admitted to this pilot study 
fulfilled the classical criteria for the acceptable 
diagnosis for chronic granulocytic leukaemia. 
We recognise the weakness in failing to define 
the Philadelphia chromosome status in our 
patients and, wherever possible, this investiga
tion is to be repeated.

The ideal agent for treatment of chronic 
granulocytic leukaemia should reduce the spleen 
size, permit haematopoiesis to return to normal, 
should have minimal side effects and also a 
high degree of patient acceptability. Even more 
important, it should delay the onset of blastic 
transformation and eradicate the Philadelphia
positive clone. The drugs presently available 
to us, including Busulphan, fall far short of these 
ideals since they have a narrow therapeutic 
index, are intensely myelotoxic, and thrombo
cytopenia produced by Busulphan may be ir
reversible. Other side effects include skin pig
mentation, pulmonary fibrosis and an adrenal 
insufficiency — like wasting syndrome — and a 
few patients become refractory to therapy. 

Radiotherapy appears, therefore, to offer a 
useful alternative to Jong term administration 
of potentially dangerous drugs.

Undoubtedly radiotherapy is a highly effec
tive modality for treating this disease, but pub
lished reports (M.R.G., 1968; Gollerkeri and 
Shah, 1971; Conrad, 1973) expressed concern 
about such an approach. Our own early 
results are in line with the work of Monfardini, 
Gee, Fried and Clarkson (1973), and are also 
in keeping with studies from Goswitz, Lush- 
baugh (1973) in which wholebody irradiation, 
at low levels, reversed granulocyte: erythroid 
ratio. The anxiety that this form of treatment 
may shorten survival has not been supported by 
Monfardini et al (1973), while our own 
patients have not been followed long enough 
to contribute meaningfully to this debate.

In designing this study we have standard
ized the radiotherapeutic technique but, never
theless, have become increasingly aware of the 
deficiencies employing a single anterior field 
with varying spleen size. Furthermore, since 
Cohen (1974) has indicated that a single cen
tral dose of 200 r may be effective, we are 
presently exploring the use of two parallel 
opposing fields to reduce further the radiation 
to which our patients are exposed. It would 
be logical to anticipate that lesser amounts of 
therapy, particularly if effective in producing 
rapid and lasting control over the disease, will 
diminish adverse effects.

A point of critical importance is that, in 
parallel with the response obtained in the peri
pheral blood and the spleen size, bone marrow 
involvement may return towards normal. It is 
noteworthy that similar changes have been 
described by Goswitz, Lushbaugh and Vodo-
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pick (1973) using a different approach to the 
radiotherapy.

The fact that bone marrow is not in the Held 
has raised speculation as to the possible mechan
ism involved in achieving these effects. A 
recent report (Kaur, Catovsky, Spiers an 
Galton, 1974) describing disturbances in the 
lymphocyte population in the spleen in chronic 
granulocytic leukaemia, and the knowledge that 
splenic irradiation destroys these cells, suggests 
the possibility of an underlying immunologic 
mechanism. Support for this contention comes 
from the observation of Stjernsward and 
Maurice (1974) that reduction in peripheral 
granulocyte count and spleen size may follow 
reinjection of in vitro irradiated whole blood 
from the patient. A further systematic re- 
evaluation of immunologic aspects is presently 
in progress.

Our observations contrast with the report oi 
the British investigators who transferred pati
ents refractory to radiotherapy into a chemo
therapy group where good results were then 
achieved. The two sets of data are not mutually 
exclusive, but suggest the presence of individu- 
als with chronic granulocytic leukaemia having 
selective responsiveness to different thera
peutic modalities.

Of interest has been the observation that 
thrombocytosis occurred in three of our patients 
who achieved good response on other criteria 
following radiotherapy. This situation may 
relate to reduced splenic sequestration, and 
chlorambucil is an effective means of tiding the 
patient over a period of re-equilibration. How
ever, recent work suggests that elevated piate- 
let counts may have a more ominous signifi
cance (Mason, De Vita and Canellos, 1974).

The consistent emergence of blastic trans
formation in all reported series raises a serious 
question as to the benefits presently being 
achieved with the available therapeutic regi
mens. The availability of the NCI/IBM con- 
tinuous-fiow blood fraction separators has made 
it possible to design studies in which intensive 
haematologic support may be offered during 
periods of aggressive chemotherapy directed at 
the eradication of a malignant clone identifiable 
on the basis of the Philadelphia chromosome. 
Some support for such an approach is derived 
from the suggestion that this is a pre-leukaemic 
syndrome (Pederson, 1973), and a controlled 
study is now to be initiated in which initial con
trol over the disease is achieved with controlled 
doses of radiotheraphy, at which time marrow 
will be stored at a low temperature. A second 
phase will couple splenectomy with a cycle

specific cytotoxic drug regimen in an attempt 
to eradicate recognisable tumour: the possible 
benefits of immunotherapy are to be tested in ! 
one arm of the maintenance programme. The 
development of blastic transformation wil be 
managed with drug intensification using alter
native chemotherapeutic agents and whole body 
radiotherapy, followed by transplantation oi 
stored autologous marrow and components.

Summary
The British Medical Research Council re

ported that splenic irradiation in chronic granu
locytic leukaemia shortens survival, but neither 
this nor two subsequent reports describes the 
technique used, so that critical assessment of 
the data is not possible. We have found splenic 
irradiation to be a highly effective modality in 
reducing white cell count, splenic mass, and in 
returning bone marrow to normal. This 
modality has the attraction of not exposing 
patients to the morbidity associated with Bu- 
sulphan therapy. However, neither approach 
significantly prolongs median survival and, 
therefore, have very limited real value in treat
ing this lethal disease. A prospective study is 
presently being mounted to explore different 
radiotherapeutic regimens and to integrate the 
most effective of these into an aggressive pro
gramme aimed at eradicating the Philadelphia 
positive clone rather than palliating the disease.

Acknowledgements
We thank our many medical colleagues for 

referring patients, Dr. Molly Nelson from the 
Department of Human Genetics for the Phila
delphia chromosome studies, Dr. Len Kahn 
from the Department of Pathology for review
ing with us the trephine biopsies, and, in 
addition, the Medical Superintendent of Groote 
Schuur Hospital for permission to publish.

Bibliography
1 Cohen, L. (1974): Personal communication.
2. Conrad, F. G. (1973) : Arch. Intern. Med., 131, 

684.
3. Gollericeri, M. P. and Shah, G. B. (1971): 

Cancer, 27, 596.
4 Goswitz, F, Lushbaugh, C. and Vodopick, H. 

(1973) : Blood, 42, 984.
5. Huguley, C. M. (1972): Cancer, 30, 1583.
6. Kaur, J., Catovsky, D., Spiers, A. S. D. and 

Galton, D. A. G. (1974): Lancet, 1, 834.
7. Medical Research Council’s Working Party for 

Therapeutic Trials in Leukaemia (1968): Brit. 
Med. J., 1, 201.

8. Monfardini, S., Gee, T., Fried, J. and Clark
son, B. (1973) : Cancer, 31, 492.

9 Mason, J. E., De Vita, V. T. and Canellos, 
S. P. (1974) : Blood, 44, 483.

10. Pederson, B. (1973) : Brit. J. Haemat., 25, 141.
11. Stjernsward, J. and Maurice, P. (1974): 

Personal communication.

210


