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WIEAI^T OF CHRONIC MTEIOID LEUKEMIA 
WITH 1,4 DDffiTffiCL-SULPHOXIBUTANE (MTLERAN): 

-Czeehoslovakia- 

following is the translation of an article by L. Chrobaky 
D. Radochova, H. Chrobakova in Praktiqlgr lekar. Vol XLI. 
No 3, Prague, 5 Feb 1961, pages 123-12C7^"~ 

*„*«*  tt^7^ethylsulphosybutan (CH3.ao2.0 (0^)4.0180^3), originally 
named «GT 4L" and.later known by the. trade mark "Jfyleran," was discovered 
by Haddow and Timmis in the investigation of aromatic derivatives-of 
nitrogenous yperlte. Experiments showed that "this substanoe subdues not 
°SyJhe S*0"*1* of Wa3-ke* rat cancer,: but also has a'selectively subdual 
effect on granulocytbpoesis, whereas the formation of lymphocytes is not 
affected, hieran was applied in therapy of chronic myeloses. The 
mechanism of the selective effect of myleran on' granulocytopoesis has not 
yet been uniformly explained. Probably an inhibition of mitosis is 
involved. The first olinical experiences with hieran were pubUshed by 
Galton in 1953. Since then,.many works have-appeared which invariably 
describe. Jfyleran as a contribution to therapy of chronic myeibses (in 
this country, Wiedermapn, Prochaska, Novotny, UJhazy, Winkler, Cerny, 
Sandoa, and Chrobak. In the works just cited,.experience with this 
mecticisuj was usually limited. In view of the fact that our own prepara- 
tiony Ifrleoytan, is now also used, we consider it oroper to reveal our 
own fivo-year experience with l„4-dimathylstaphoxybutan in the treatment 
of chrordo myeloid leukemia. 

hieran proved effective only in the treatment of chronic myeloid 
leukemia. It is quite ineffective in acute and subacute leukemia and 
erytnroleukemia, in chronic lymphadenitis, plasmocytomas, lymphosarcoma. 
melanoaarcoma, and carcinomas in various location.        f.      ' 

The medicine is a peroral preparation in the form of a 2 mg dragee. 
The original large-dose offensive treatment (100 to 150 mg within 1 to 6 
JTv /aS l^lscontlnued because the same therapeutic effect can be obtained 
with doses of 4 to 6 mg, and the danger of pith paralysis, which was 
frequent with the large-fcbee treatment, is lessened4   Galton: considers 
as an optimum dose the amount of .06 mg per kg of weight, Ue. approxi- 
mately 4 mg per day. This amount is administered until a.normalisation 
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of the number of leucocytes is obtained hereupon the medicine is omitted. 
In cases when an insufficient effect occurs, the daily dose is increased. 

The number of leucocytes usually increases vhen the treatment 
begins. The first decline of leucocytes in small doses of Jfyleran, J, to 
6 mg, is n£ted after 7 to 28 days. The speed at which the number of 
leucocytes' decrease depends upon the size of the dose and to a great 
degree on the individual sensitivity of the patient. The time necessary 
for the reduction of leucocytes to a normal level and the quantity of the 
medicine used varies considerably and does not depend on the initial. 
count of white corpuscles. After discontinuation of treatment, the 
number of leucocytes usually is reduced. The first to disappear are the 
unripe forms. In the period of remission, the blood picture is often 
completely normalized and the only conspicuous phenomenon may be 
basophilia; in a more advanced stage of the disease the unripe forms do 
hot completely disappear. The absolute number of lymphocytes remains 
unchanged. 

A great advantage of a successful treatment with Ifyleran is the 
modification of anemia. The increase of hemoglobin is a favorable 
prognostic sign, and Galton considers it a better indication of the 
patient's sensitivity to hieran than the decline of leucocytes. The 
increase of hemoglobin almost coincides with the decline of leucocytes. 
In rare cases polyglobulia may appear. A. conspicuous decline of hemo- 
globin, in treatment with Jyleran, is an unfavorable prog/sosr-io sympton. 

The decline of thrombooytes is an undesirable side effect of the 
treatment. The decline was more frequent in high* shock doses, but it 
can also occur in small doses even after a longer period following dis- 
continuation of administration of the medicine. Also here, the 
individual sensitivity of the patient is important. The hemorrhagio 
state caused by thrombocytopenia may terminate in a death by brain 
hemorrhage. Thrombocytopenia before the beginning of treatment is not 
an absolute contraindication of the treatment, for in the course of the 
treatment the number of thrombocytes sometimes goes up, and even from 
thrombocytopenic values to normal» Galton, however, observed hemorrhagio 
symptoms where treatment was started at a thrombocyte count less than 
100,000. „ a A t    ' 

The pith extraots in the remission period, were found to have less 
cells than the extracts taken before the treatment was begun. The 
decrease refers primarily to the unripe elements of the granulocytio 
series. Erytbropoesis is relatively more abundant. The first changes 
in the pith were noticed as early as the first and the second week of 
the treatment. Sometimes the pith extract became quite normalized. 

Simultaneously with the improvement of the blood count, the 
enlargement of the spleen and liver diminishes. Even though the 
diminishing is somewhat slower than in X-ray treatment, the final 
result is the same. Even considerably large tumors may disappear. 

One conspicuous phenomenon is the subjective improvement of the 
general condition, which the patient often announces before the decline 
of leucocytes,. The weakness and fatigue,and anorexia subside, and the 
patient gains weight. 
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The length of remission^during wMch no^ 
vacillates from several days to several months« Jtfterwards/the n^ber 
of leucocytes goes up and the count receives youngerforms of the 
granulocytlc series ■*- a relapse takes plaoe« A. repeated treatment may 
be started either at a fully developed relapse or.at the first evident 
increase of the leucocyte count. The doses of J^£eran necessary for 
preventing 'the leucocytes from increasing and for keeping'them within" 
normal values vary from 4 mg per weefc; tö A mgper day. Bernard starts 
preservation therapy when the ttufober of leucocytes reaches 15,000 — 
ünungür'and associates at 8,000. 

The Myleran treatment may be started even lh patients who were 
previously treated by a different method. The ^atment is. effective 
even in cases where the X-ray-treatment and the P32 treatment was 
ineffective. vWhen a resistance develops, X-ray tröatmenl;or Golcemid 
treatment may be started. 'r'./. ;'.-7'v'-H"

S;
'V''
: 

In a nyeloblast crisis, Ifyleran is ineffective and'must be 
substituted by the current treatment of acute myeloses.      ''■■'. 

The preparation is tolerated very well. Dyspeptic difficulties, 
frequent with other cytoatatlc medicines and also in X-ray treatment, 
were not observed. Galton noticed brownish pigmentation of skin, and 
in women amenorrhoea occurs frequently. 

The most important side effect of the medicine, apart from the 
state of hemorrhcge resulting from thrombocytopenia, is the possiblity 
of pith paralysis, which especially threatened in treatraeht by large 
doses, or which may originate also in ä long-term adm5:.z? Istratlon of the 
medioine without proper control of the'blood picture. In -small doses 
and -with a systematic hematological control, the danger of pith 
paralysis is relatively small. 

Proper Observation 

The treatment of chronic ayeloses"with Nfcrleran Was begun at the 
end of 1954. Our record's, which include twenty: four patients, refer 
only to cases which we ourselves treated during the whole period of the ; 
disease. Those patients whose treaitment was begun elsewhere or who in 
the course of the treatment were treated at another institute were 
teclud-ad from our reoords. We tised Myleran in treating all the patients 
ill with chronic myeloid leukemia without any previous selection; thu3, 
our work makes it possible to Judge to a certain degree the effect of 
this medicine. Out of twenty four patients, fourteen had not been pre- 
viously treated and others had been treated with X-rays, T3 loO, The 
length of the disease before the beginning of the frieren treatment 
varied between one month and four years. 

The treatment was begun with all patients receiving a daily dose 
of U mg (i.e. 2 dragees). When the leucocyte count decreased below 
20,000, the dose was reduced to 3 and 2 mg, and when it decreased utider 
10,000, Myleran was discontinued. As soon as the leucocyte count 
increased and exceeded .10,000, the sustenance doSe was' administered, The 
sustenance dose varied between 4 to 6 mg per week and 4, mg per day. When 
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the leucocytes decreased beW 10,000 Ifyleran was again discontinued. In 
the beginning, before we had accumulated the necessary experience, frieren 
vas administered to patients in bed, but later the treatment became 
primarily ambulatory. The patiönts in ambulatory treatment were in the 
beginning of the treatment until the remission usually contolled once in 
a week, in sustenance treatment, according to the size of the dose, once 
in two weeks, and up to once in four weeks. .In control examinations, 
attention was given to the subjective condition of the patient, the 
objective finding, and in laboratory examinations, the number of red 
corpuscles, hemoglobin, the number of leucocytes, and the distribution 
and number of thrctobocytes. In the sustenance treatment we were not   
anxious to keep the leucocyte count below 10,000, but rather we saw to 
it that the patient could feel well subjectively. With regard to the 
psychic state bf the patients, we tried, whenever possible, not to 
control the patients more often than once a month. The sustenance dose 
was therefore established cautiously — somewhat lower than it should 
be 

Owing to. the fact that the toxic effect of Jfyleran (granulocyto- 
penia, thrombocytopenia, or pancytopenia) may arrive even after a long ■ 
period of discontinuation of the medicine, the patients were reminded to 
come to control with any indication of any impairment of the general 
condition (when afflicted with pain in throat, high temperature, or 
when any symptoms of skin or mucous membrane hemorrhage became apparent. 

The first decrease of leucocytes was noticed after seven to 
twenty one days following the beginning of the treatment. Afterwards 
the leucocyte count sometimes went up, once even almost double the 
original count (from 106,000 to 192,000 — patient No 3). An increase 
of the leucocyte count in the first three weeks is consequently not a 
sign of resistance against hieran and should not lead us to increasing 
the daily dose of the preparation. 

The leucocyte count was normalized in 18 patients; nine out oi 
these had only ripe grenulocytes in the distribution. In four patients 
a conspicuous basophilia was observed (U to 1% basophiles). In the 
distribution, the unripe forms of the granulocytic series were the first 
to disappear. In three cases, inspite of a decrease of leucocytes, the 
percentage of unripe granulocytes (primarily myeloblasts in the distri- 
bution) did not decrease and a myeloblastic derangement always followed. 
In certain patients, inspite of the normalization of the leucocyte count, 
ah isolated occurrence of younger elements of the granulooytic series 
appeared. This occurred in patients who had been under treatment for a 
longer time, although the leucocyte count also was sometimes normal. 

The quantity of hieran necessary for obtaining the remission 
was different in the individual cases and depended considerably on the 
personal sensistivity of the patient to hieran. For instance, in two 
patients with an identical initial leucocyte count (patients 2 and 13} 
a normal leucocyte count in the first patient was obtained after doses 
totaling 438 mg, and the remission, during which the patient received 
no hieran, did not last a whole month? but the second patient reached 
the remission after doses totaling 192 mg of ^yleran, and at the time 
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when the patient died of metastatie cehöer of stomach, the remission^ was 
p months old. Neither of the two patients had been previously treated 
for leukemia, and in the case of the second patient, the disease had a 
longer-duration previous to the beginning of the treättoenti 

A big advantage of the Myleran treatment is the modification of 
anemia. Hemoglobin and red corpuscles increased in 17 patients f

p> in 5 .-. 
patients the increase of erythrocytes and hemoglobin did not occur (in 
two of them, however, the blood picture, as far as the red component 
was concerned, had been normal before the beginning of the treatment), 
and in two the serious charaoter of their condition required blood 
transfusions. The erytbrocyte count and hemoglobin increased in the 
course of treatment with hieran j but the increase usually, continued r 
even after %leran was discontinued in the period of remission. -.The 
average increase of erythrocytes in patients was 1,000,000., Once, the 
increase of erythrocytes reaohed polyglobttlic values — 6,100>000 
(patient No 4). A more distinct decrease of the, leucocyte count in the 
course of the treatment with frieren was a very unfavorable prognostic . 
symptom and announced/as a rule, the transition to the finai stage ,-r- 
in most cases the approaching of acute derangement. Only* one was Such 
a decrease of erythrocytes temporarily reversed. 

The favorable effect of the treatment with ityleran, apart from 
the decrease of the leucocyte Count, was expressed also in a reduction 
of the spleen and the liver. In the beginning of the Meieren treatment 
the spleen was enlarged in 21 patients,. During the treatment/ the 
spleen was reduced in 18 patients, of whichin 10 it disappeared com- 
pletely, although- at the time when the treatment begsii it "frequently , :.-,: 
formed a tumor extending to the navel or even the grbin. :In patients 
treated for a long time, we sometimes noticed a gradu-xL enlargement of 
the spleen, although the leucocyte count still remained normal* A 
rapid enlargement of the spleen was observed in the final stage in all 
patients who subsequently died of the basic illness, '.,.- 

As the spleen, also the liver was reduced as a result of 
successful treatment. 

Sternal pondture was made in the remission period in 10 patients;. 
In accordance with the literature the cellutarity of the pith extracts ■, 
in the p&rlod of remission Was, in a majority of specimens, smaller, 
the gwmtlocytic series was pooler (before treatment 93„5# as an 
average, in the period of remission 79.2/6), the younger formations 
decreased, and the mature formations increased. The red corpuscle 
series in remission was relatively more abundant (before treatment 2.8$, 
in remission 15,6^j in one patient even a mild relative hyperplasia of' 
the red-series was found (-35*656) r 

All patients, with the exception of those who were resistent 
against the treatment, claimed improvement of their general condition; 
the weakness, fatigue, pressure under the left rib arch, and lack of 
appetite disappeared. The increase in weight was sometimes more than 
10kg, once as much as 25 kg. 

All patients tolerated Ifyleran very wellü 
The most serious of the side effects of Ifyleran is the pith 
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SiTSSlÄ. 7) «Tpariper»! „Mar. of J-J^Jj—„     .. 

the leucocyte count was under 10,000, s^xJ£fBS ?he red corpuscles 

The blood picture normalized after three «»nths withoux anyJ*^0"     .-v 

SS^SSticIt vith Mjrleran did not MB»»re *»%£*•     e 

v-fL2u ST+he first also symptoms of peripheral neuritis, occurred 

oi ix ^™n;"g_p__tient (No 17) uncommon changes of plasma and nuclei 
of n^prÄa^o^tesveä noticed during ^ %1-an^treatment. 
£ ?S plasma of certain neutrbphiles both fe azwoP^c

fl^fnfLe 
a^cific granulation disappeared, and the plasma received a_pink hue. 
SrS samTtime, the structure of the nucleus became very *^ f if 

the nucleus was dissolved.    The changes were more prominentin^the 
S^ÄSTl£Bpith than in specimens ^periph£%%& &o 
However   these changes of plasma have been described in xeuKemia BO 
^hran'accfden^atlime coincidence with the Myleran treatment may 
aCC°mtwfS two patients, resistance against Myleran was noticed.   It 
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The patient was afterward very sensitive to X-ray therapy. Resistance 
against Myleran remained even after this irradiation, whereas a repeated 
X-ray irradiation for relapse was successful even the second time. In 
the second patient (No 22), who was sent to us because of resistance 
against X-ray irradiation, at first we noticed the reverse — an 
increased sensitivity to hieran. The leucocyte count went down from 
64,900 to 4,000 within 34 days after a total amount of 56 mg, but 
immediately afterwards the number of leucocytes began to increase very 
vigorously and Myleran proved to be completely ineffective. After 
another three months a myeloblastic derangement occurred. 

The results of the treatment are considered as successful in 19 
patients, partly successful in two, and unsuccessful in three, of which 
two of the last group were unsuccessful owing to the patients' resis- 
tance against hieran. When evaluating the success or failure of the 
treatment of our patients it is necessary to note that in some patients 
the treatment was begun at an advanced stage of the disease when X-ray 
treatment would have been unsuitable (patients 6, 17, and 18). The 
partial success of the treatment in two patients and the one failure 
occurred only among these patients. Out of the 24 patients 9 died, 15 
lived and 8 of the latter have been under treatment to the present 
from 37 to 47 months. 

Out of the nine patients who died, seven died as a result of 
myeloblastic derangement (patients 2, 3, 6, 7, 12, 14, 17)j in one 
patient (No 5), there appeared in the final stage of the disease a con- 
siderable effeteness with onset of high temperatures, vhich we ascribed 
to the otherwise negative discovery to the basio dleksa. In the last"**" 
patient (No 13), the development was interesting teems along with 
chronic myelosis a carcinoma of the stomach was disccvs;?od for which 
the stomach was resected. After the operation we started the Myleran 
treatment. The remission (owing to numerous metastases at the time of 
the death) was 13 months old. The pith punctuate and the peripheral 
picture, apart from anemia, wexe normal. 

In the myeloblastic derangement, Myleran proved to be unsuccess- 
ful. For that reason wo discontinued it and started a treatment common 
in acute myelosis, i.e., with Furi-Nethol and steroids., At present, we 
concentrate on the problem of when to begin the treataicnt with Puri- 
Nethol and steroids, or if in the initial period of the myeloblastic 
derangement a combination treatment with Myleran and Puri~Nethol is 
suitable. 

In the end we would like to try to answer several questions in 
connection with the treatment of chronic myeloses with 1.4-dimethylsul- 
phoxybutao, using our own experience and that presented in the literature. 

When to begin with the treatment? The treatment should not be 
begun as long as the patient is untroubled. The treatment should not 
be postponed until the patient complains of any subjective difficulties 
such as weakness, fatigue, or if the spleen is somewhat conspicuously 
enlarged. 

What with doses to start the treatment? The shock treatment with 
large doses is no longer used, since small doses, up to 4-6 mg, are 
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equally effective and the danger of pith paralysis is, with the small 
doses, less, as it appears from the literature. We ourselves ever 
exceeded a daily dose of 4 mg. A certain patience is required in the 
beginning of the treatment vhen the leucocyte count may even go up in the 
first 3 to A weeks. Increasing the doses of the medicine because of a 
reduced sensitivity to the preparation would be erroneous. 

A question arises whether to transfer the patient to a sustenance 
treatment or to await a complete relapse, and tjien begin with treatment 
again. All but one patient were treated with sustenance doses in a way 
that we have already mentioned. We think that the sustenance treatment 
has, above all, the advantage that a patient is kept in a subjectively 
good condition and often can even perform his work. He can become 
accustomed to the regular checkup, which is, as a rule, practiced not 
more often than once a month and which does not present any psychic 
involvement. The fears that, in the sustenance treatment, higher doses 
are needed and that therefore a theoretical possibility exists that a 
resistance against the medicine will develop, do not seem justified to 
us, because the appearance of resistance is not caused by the quantities 
of the administered preparation alone. In two of our patients resistant 
to Myleran, the resistance occurred after administering small doses 
(108 mg and 56 mg), whereas there are patients who were under treatment 
for almost U years who had been administered amounts which by far 
exceed the above, but no resistance ocourred. 

For the time being we are unable to answer the question of 
whether hieran extends the lifetime of patients afflicted with chronic 
myelosis in comparison with other methods of treatment as in the X-ray 
method. The very good results obtained in some of our patients (patients 
4. and 9), who have been treated with Myleran for almost U year3 and 
whose disease is 7 to 8 years old, indicate that the method in question 
represents a very valuable contribution to the treatment of chronic 
myeloses. The Myleran treatments may be applied even in cases where 
other methods failed, or where for other reasons they are not suitable. 
The treatment does not call for a stay of the patient in a hospital, 
is inexpensive, keeps the patient in a good condition, and in a number 
of cases, makes it possible for the patient to continue his employment. 
The treatment is not accompanied by the unfavorable side effects which 
occur in the X-ray treatment. The danger of pith paralysis is, with 
appropriate control of the patient, small. 

Summary 

The report deals with experiences gathered over a period of 
several years and whioh relate to the treatment with l.A-dimethylsulpho- 
xybutan (hieran) of chronic myeloid leukemia in 24. patients. Myleran 
is a valuable contribution to the treatment of chronic myeloses. The 
preparation is tolerated very xrell and its administration may be ambula- 
tory. The danger of pith paralysis is, with an appropriate control of 
the patient, small. 

-END- 
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