
THE PRESENT POSITION IN THE TREATMENT OF CHRONIC

MYELOID LEUKEMIA

By A. PINEY, M.D., M.R.C.P.

I T IS not proposed to devote this article to a detailed description of the various

methods of treating chronic myeloid leukemia or to a statistical assessment of

the results. The aim is rather to consider the theoretic bases on which the different

forms of therapy have been devised, while, incidentally, indicating whether the

observed results are such as to support the hypotheses.

That the problem of the etiology of the leukemias is almost as obscure as it was

a century ago, when Hughes Bennett and Virchow, independently of one another,

published the first accounts of the disease, is indisputable. And this assertion is not

invalidated by the discovery of the transmissible leukemias of lower animals,

which has, in fact, complicated, rather than clarified, the problem of the disease as

it is observed in man. But in spite of the distressing lacuna in our knowledge, re-

search into the treatment of the chronic forms of leukemia has been pursued in a

manner, which has, on the whole, been scientific, rather than purely empiric. And

this has been possible because we are less abysmally ignorant of the underlying

pathologic and cytogenetic factors than we are of the causative ones.

For instance, it is patent that, in the leukemias, there is gross overgrowth of

hemopoietic tissue, which in the case of our present subject of discussion-chronic

myeloid leukemia-is the bone marrow. And, at this point, it is important to

realize that the intense proliferation of white cells in the marrow is not to be con-

sidered as an example of hyperplasia, because that concept includes that of increase

in the number of normal cells in normal arrangement, with, as a result, increased,

but essentially normal, functional ability. Thus, the extremely active cellular

marrow found in many infections is an example of hyperplasia, whereas the more

or less disorderly proliferation in myeloid leukemia is to be considered as patho-

logic overgrowth. And this is true whether the malady be included with the

neoplastic ones or not.

Now, in normal postnatal life, the mature granulocytes found in the circulation

arise from mitotic division of granular myelocytes. That is to say, the polymor-

phonuclear leukocytes, with their specific granulation, arise from simpler cells,

which do, however, already possess characteristic granules in their cytoplasm.

Less mature cells-myeloblasts-are not involved in the process, forming, as it

were, a reserve of stem-cells which are not normally called into action; and, even

in severe infections, the marrow contains few myeloblasts, whereas myelocytes are

very numerous and show signs of active proliferation. In fact, it is probably true

that extension of the genealogic tree back to the myeloblast stage results in the

formation of abnormal granulocytes. In other words, there is reason to suppose

that the abnormal white-cells which are so prominent a feature of the blood and

marrow iyi chronic myeloid leukemia are produced from maturation of myelo-
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blasts; and this view is consistent with the generally accepted statement that the

outlook is the worse the greater the proportion of myeloblasts in the marrow.

Deterioration, that is to say, a tendency towards acuteness, in chronic myeloid

leukemia is detectable in the marrow earlier than in the blood, because there is

great overgrowth of myeloblasts (at the expense of myelocytes) before there is any

noteworthy change from the ‘ ‘chronic’ ‘ type of blood picture. It is, therefore,

reasonable to assume that conversion of chronic into acute leukemia comes about

by a peculiar process of dedifferentiation.
First, there is increase in the number of myeloblasts in the marrow, although

some or many of these cells have the power of maturing into more or less normal

myelocytes, which, in turn, may give rise to polymorphonuclears or they may

themselves emerge into the circulation. Secondly, there is still further deterioration

of the functional activity of the myeloblasts, which lose their power of becoming

differentiated into myelocytes; and this represents the stage of complete and

irreversible conversion of chronic myeloid leukemia into the acute form. Of course,

intermediate phases are well known, as witness the presence of ill-formed myelo-

cytes in the peripheral blood.

The brief discussion above will serve as a preface to the more distinctly thera-

peutic problems which confront us, while, later, a rather more recondite COfl-

sideration of the cytologic factors will be required as an introduction to the most

modern methods of treatment.

Probably the oldest method of treating chronic myeloid leukemia is by adminis-

tration of arsenic; and this is especially interesting as an example of more or less

successful empiricism, because the mode of action of the drug in blood dyscrasias is

still obscure. Now, of two facts, there can be no dispute: first, arsenic, properly

exhibited, can bring about clinical and hematologic remission in many cases; and,

secondly, that this is brought about by decreasing the activity of myeloblasts in

reproducing themselves and in giving rise to myelocytes. In other words, arsenic,

at least for a time, is able to cause leukocytopoiesis to proceed along more or less

normal lines, while, at the same time, decreasing the gross overactivity of myelo-.

cytes in dividing and in differentiating into polymorphonuclears.

Physicians of a past generation, who, like us, were not averse to hiding ignorance

under a cloak of words, valued arsenic for what was known as its “alterative”

action. And it is indisputable that this term is admirably descriptive of the effect

of arsenic in chronic myeloid leukemia. This was equally well shown, before the

introduction of liver treatment, in pernicious anemia, by the effects on the

erythrocyte picture.

There are many points of practical importance in connection with arsenical

medication, as Forkner and Scott emphasized in 1931, when the drug, which had

almost fallen into disuse in the treatment of leukemia, was given a new lease of

usefulness.

A few of the advantages may be mentioned here. Thus, arsenic is cheap and easily

available; and, if given in the early stages of chronic myeloid leukemia, it usually

produces a good remission, which can sometimes be maintained for months or even

years by continuing to administer maintenance doses. This second feature is a great
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advantage over irradiation, which has, of course, to be interrupted when the blood

picture is more or less normal, as, otherwise, aplasia of the marrow may ensue.

Not only does arsenic cause a reversion of the leukocyte picture to a more normal

composition, but it produces amelioration of the anemia. But it is debatable

whether this is the result of a direct action of erythropoiesis, whether it is due to

relief of pressure on the red stem-cells, or whether both (and perhaps other factors

also) play a part.

This is not the place to describe the minutiae of therapeutics, but it is well to

point out that, when arsenic will no longer maintain the patient in a state of re-

mission, irradiation may still do so. However, it is essential to recollect that

exposure to therapeutic irradiation shortly after a prolonged course of arsenic is

likely to cause more severe reactions than would a similar dose of x-rays in a

patient who has not had the drug. This is alleged to be due to secondary radiation

from the arsenic stored in the tissues; but whatever the explanation, a history of

having taken arsenic for months before starting radiation treatment indicates the

need for small and experimental dosage of x-rays.

Conversely, arsenic may be effective in some cases which have become resistant

to x-rays, still inducing a remission when irradiation will no longer do so. This is,

of course, true only when the blood and marrow are still characteristic of the

chronic form of the disease; but, if the failure of x-rays is due to conversion into

the acute (myeloblastic) state, no known treatment will bring about a remission.

Another method of medicinal treatment, which, like arsenic, has to some extent

fallen into undeserved disuse, is benzol, which also has the advantage of being

given by mouth, while the dangers which have been attributed to its adminis-

tration are entirely the result of gross overdosage.

Benzol is a well-known marrow poison, which has caused a good deal of trouble

in various industrial processes for this reason. It appears to damage the platelets,

the granulocytes and the red corpuscles in that order, affecting the parent-cells and

so reducing the mature forms in the blood.

It was this knowledge of the action of benzol which led to its use in treating

leukemia, but there is no doubt that its effects are not entirely due to its myelotoxic

action. If given in suitable �loses, the leukocyte count falls as a result of decrease in

the number of immature and abnormal white-cells, while the red count rises; and

the changes in the marrow are of the same type, viz., decrease of myeloblasts and a

more normal activity of the myelocytes. In fact, a new investigation of benzol is

overdue, because it has now been established that prolonged exposure of healthy

persons to small doses of benzol greatly increases the likelihood of the develop-

ment of chronic myeloid leukemia.

If benzol is given when the leukocyte count is very high, it is best exhibited in

capsules with olive oil, each containing 0.5 Gm. of benzol. The course is started

with four capsules daily, and, if there is no nausea, is rapidly increased to a maxi-

mum of eight or ten daily. This dose is continued until the leukocytes have fallen

to about 5o,ooo per Cu. mm., when the dose is gradually reduced until the white-

cell count is about i5,ooo per Cu. mm. Then, it is often possible to find a suitable

maintenance dose, usually in the region of 0.5 Gm. two or three times a week.
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Again like arsenic, benzol is still effective when radiation has become ineffective,

but, unlike arsenic, a preliminary course of benzol is not liable to cause trouble

during subsequent radiation treatment.

Benzol acts as an essentially destructive agent, which has a rather more powerful

effect on immature cells than on mature ones: hence, the beneficial results in

chronic myeloid leukemia. Unlike radioactivity and urethane, its effect on dividing

cells is no greater than on resting ones, so that it cannot be regarded as affecting

the essential abnormality which is the cytologic basis of the disease.

For many years, the usual method of treating chronic myeloid leukemia has been

with x-rays; and, as the results obtained are rapid and spectacular, arsenic and

benzol have fallen into a poor second place. As already indicated, the dislike of

these two drugs is an ill-founded one.

Deep x-ray therapy can rapidly bring about a remission in the great majority of

cases of chronic myeloid leukemia, but that is no reason for assuming that the

radiologist is the right person to have charge in such cases. The disease lies in the

province of the physician, who is in a much better position than is the specialist

radiologist to determine the most suitable therapy and to assess the results in

#{149}individual cases.

This is not a denial of the right of the radiologist to determine which particular

technic of irradiation is to be employed; but, despite quite acrimonious divergences

of opinion between different schools, it can truthfully be said that the results

obtained by the different methods are all approximately the same. The length of

the remission which is brought about is no longer when one radiologic technic,

rather than another, is employed; and the development of radioresistance is not

accelerated or postponed by any particular dosage or by exposures of different

areas.

It is probably no exaggeration to say that the development of therapeutic irradi-

ation in cases of chronic myeloid leukemia has never been exploited as fully as it

might have been. Most physicians have been satisfied with the remission brought

about by x-ray treatment and have kept careful watch for the earliest hematologic

signs of relapse; and, when these have appeared, have returned the patient to the

radiologist for further treatment.

The mild contempt with which arsenic has been regarded, and the fear of benzol

as a possible cause of aplastic anemia, have prevented combined treatment from

being used as extensively as might have been expected from our empiric knowledge

of therapeutics. In part, of course, this failure has been due to the habit of handing

cases of chronic myeloid leukemia to the radiologist.

That the length of a remission which has been induced by x-rays can be pro-

longed by administration of maintenance doses of arsenic or benzol is indisputable;

but there are no published records of individual cases which have been dealt with

in this way. More and more attent�on has been given to irradiation, and less and

less to medicinal treatment. Thus, sodium phosphate, made radioactive by the

cyclotron, has been hailed as a great advance in treatment, whereas, in fact, its

main advantage is that it can be administered orally, while the results have been
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much the same as those of other methods of exposing the leukemic cells to the

destructive action of rays.

Even the most enthusiastic advocate of radiation treatment has not, it may be

assumed, ever supposed that the method, however modified it might be in the

future, would result in cure of leukemia. Some wOrkers have sought for a hypo-

thetic virus, others for a toxin, and yet others for indications of a chemical or an

endocrine factor; and it is probably correct to say that more and more adherents to

the chemical (or constitutional) theory are won annually, although, of course,

acceptance of this view does not exclude leukemia from the neoplastic class.

Only a very few indications of the evidence can be given here, but they may

suffice to stimulate further work, while they form a more or less rational basis for

the further discussion of medicinal treatment. First, there is the well-known fact

that the incidence of leukemia may be familial, although, admittedly, this is far

from common. Nevertheless, in the case of a disease so relatively rare, the existence

ofsuch cases suggests that some intrinsic factor is ofetiologic importance; and such

a view is supported by the distinctly greater frequency of the chronic myeloid form

injews. Secondly, the fact that long-continued exposure to small concentrations of

benzol (and perhaps of x-rays) increases the incidence of chronic myeloid leukemia

seems to demonstrate that a chemical change underlies the abnormal proliferation

which characterizes the disease.

But perhaps the best evidence, indirect though it is, may be found in certain

more academic observations. Thus, the cytologic changes which are accepted as

being indicative of malignancy are present, in more or less well-defined form, in

leukemia. The most conspicuous of these changes are: hyperchromatism which is

due to increase in the size of the chromosomes, enlargement of the nucleolus, vari-

ation in the number of chromosomes, defects in the spindle during mitosis, and

increased variability in the size of the cells and the nuclei. Obviously, the question

whether there is any casual sequence among these cell abnormalities demands

answer.

An inadequate, but, I hope accurate, review of the fundamental work of Cas-

persson, Darlington, Claude, and Thomas, will give some indication of the present

position of the problem. Thus, it is known that nucleic acid and nucleoproteins

play an outstanding part in cellular activities. Ribose nucleic acid is produced by

the heterochromatic regions of the chromosomes, and is found in the nucleoli and

in the cytoplasm. It is closely associated with the synthesis of the self-perpetuating

proteins in the cell-body. Desoxyribose nucleic acid, which is produced during the

prophase of mitosis, becomes attached to the chromosomes and is responsible for

their reproduction. While this is happening, the nucleolus, with its store of ribose

nucleic acid, dissolves and disappears. Then, when the chromosomes have divided

and have reformed as daughter nuclei, their charge of desoxyribose nucleic acid is

given up and is reconstituted as ribose nucleic acid in the freshly formed nucleoli.

In normal cells, the two nucleic acids are so balanced that chromosome reproduc-

tion and cytoplasmic synthesis are balanced, probably by the regulating action of

heterochromatin. If this be so, increase of heterochromatin will lead to excessive

nuclear synthesis and, therefore, to an increased rate of nuclear division.
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Endless and rather fruitless speculation along these lines is possible, but, even

without departing far from solid experimental observations, something of im-

portance can be inferred. For instance, Beadle showed that mutation in a single

nuclear gene can induce polymitosis, but the observations briefly discussed above

indicate that mutation in cyto�lasmic elements may also cause great change of

cellular characters. Then again, the existence of self-perpetuating elements in the

cytoplasm (the plasmagenes of Darlington) throws some light on the characters of

. ‘viruses, ‘ ‘ because both plasmagenes and viruses depend for their continuance on a

chemical equilibrium; and Potter alleged that the ‘ ‘cancer virus’ ‘ is almost identical

with an enzyme X, which is a complex of respiratory enzymes of the nature of a

ribonucleoprotein.

The chemical and the virus theories of the origin of malignant conditions, among

which leukemia must be included (at least on cytologic grounds), are thus found

to be almost, if not entirely, unified.

These observations and similar reflections, together with further experimental

work, form the basis of the urethane treatment of leukemia introduced by Haddow

and Sexton, and investigated, by Paterson, Haddow and others. And one point

that emerges very clearly is that nucleic acids are of outstanding significance in the

leukemias (and probably in all forms of malignancy). This is strikingly shown by

the action of colchicine, which was first employed in medicine for its action in gout

(a malady in which the metabolism of purmns is upset), was then observed to act on

the bone-marrow, later was discovered to have a remarkable effect on mitosis

(for instance, in inducing polymitosis in wheat), and is now known to have some

effect in leukemias. And when the fairly common concomitance of gout and chronic

myeloid leukemia is recollected, the skein of evidence, incriminating the purins,

although still unravelled, seems to be fairly complete.

During experiments on the growth-inhibiting effects of urethane on animal

tumors, Haddow and Sexton observed striking changes in the cells of the Walker

rat carcinoma and a fall of the leukocyte count in some cases; and as there is little

evidence that urethane is liable to cause aplasia of the marrow, it is preferable to

benzol while being more efficacious than arsenic. This suggested the trial of the

drug in leukemias; and it is not too much to assert that further therapeutic appli-

cation of this substance has shown that it is probably the most satisfactory treat-

ment for chronic meyloid leukemia now available.

Urethane remains effective when x-rays have failed, but seems to be the method

of treatment indicated from the outset in most cases. But it is not to be supposed

that the drug is in fact a cure for the disease.

The composition of the leukocyte-picture approaches normal, the red cells and

hemoglobin rise, and the spleen retires behind the costal margin. And it appears

that these results depend upon the action of urethane at the prophase of mitosis of

the least differentiated stem-cells of the blood. There is, in fact, a redistribution of

the nucleic acids, as shown by the Feulgen reaction. The way is thus open for the

micro-chemist to find a new weapon for the even more fundamental treatment of

the leukemias, but already urethane can often produce a prolonged period of clini-

cally perfect remission.
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