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SPLENIC X-IRRADIATION was effectively used for a long time as a pallia-

tive therapy for chronic leukemia. Its use has been replaced to a large

extent by various chemotherapeutic agents and steroids. The present work is

an attempt to reiterate the usefulness of this form of therapy. Emphasis is laid

on the relief of anemia that is commonly associated with the disease and whose

control constitutes one of the principal objectives of therapy. The pathogenesis

of this anemia has been demonstrated by Fe5#{176}and Cr5’ red cell survival stud-

ies.�6 In this paper, ferrokinetic studies were performed in a group of patients

with chronic myelogenous (CML) and chronic. lymphocytic leukemia (CLL),

during relapse, and after remissions were induced by splenic x-irradiation. The

ferrokinetic abnormalities were defined in the individual case prior to therapy

in an attempt to show the mechanism involved in the correction of anemia

induced by treatment. The total clinical response of the patients will also be

reported.

MATERIALS AND METHODS

Two groups of subjects were studied.
1. Control Group. Six control subjects were studied, two normal volunteers and four

patients who were hematologically normal by the usual criteria, but who had various
advanced malignant tumors of the head and neck and were scheduled for palliative

radiation therapy.

2. Chronic Leukemia Group. Eight patients with CNIL and ten patients with CLL were

included. None received previous antileukemic therapy with the exception of four cases

of CML in which one to three previous treatments of splenic x-irradiation had been given.

After the end of the first ferrokinetic study, which took 14 days, splenic irradiation was

started and continued until clinical and hematologic remissions were obtained. The second

ferrokinetic study was performed 4 to 6 weeks after the end of therapy.

Radiotherapeutic Technic

The radiotherapeutic method, dosage, and program followed were those described by

Levitt7 and are outlined below.

Conventional orthovoltage x-ray therapy was used, with 250 kV, 15 mA, 50 cm. focal

skin distance and a half value layer of 1.5 mm. copper. Splenic irradiation was delivered

through three portals 15 x 15 cm. each. The first anterior field extended medially to a
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SPLENIC X-fflRADIATION 243

line 5 cm. to the left of the midline with approximately one-third of its area overlying

the costal margin. The lateral field was placed at a right angle to the anterior portal, whereas
the posterior field was opposed to it. Only one portal was irradiated daily and the dose was

prescribed in terms of incident skin dose. The radiosensitivity was tested l�y giving a
single “pilot” dose of 50 rads in cases of CML and 25 rads in cases of CLL. The daily input

was adjusted to give 10 to 15 per cent reduction of the total leukocytc count per day.
Treatment was stopped when the leukocytic count fell between 15,000 and 20,000 per cu.
mm.

Fe59 Tracer Technics

In the two normal volunteers, a tracer dose of 40 �sc. of Fe.59 Cl3 was used. The corres-

ponding dose for the rest of the controls and leukemia patients was 200 to 250 isc. The

radiation dose to tissue from this comparatively large dose was estimated to be five to six

rads calculated at total decay with an initial dose rate of approximately 0. 10 rad per day.

Such a tissue dose is not known to appreciably affect the hemopoietic functions. Neverthe-

less, only patients who were scheduled for radiation therapy were given doses of this

magnitude. The iron binding capacity’ of plasma was measured before incubation with

Fe59.8 The plasma disappearance curve of radioiron and its appearance into circulating

red cells as well as the surface radioactivity over heart, liver, spleen. and sacral bone marrow

were determined for 14 days following the intravenous administration of radioiron. Blood

sampling and surface radioactivity counting technic were those described by Pollycove

and Mortimer.9
The plasma volume was calculated from the zero-time intercept of the first 120 minute

plasma radioiron disappearance curve, using the dilution principle. The venous hematocrit

multiplied by 0.91 was used to obtain the total body hematocrit and the red cell mass. Serum

iron determination was performed by the method described by Peter et al.1#{176}Hemoglobin

concentration, reticulocyte count, bone marrow smears, and Coonlh’s tests were (lone using

standard laboratory procedures.

THR INTERPRETATION OF FERROKINETICS DATA

The ferrokinetic models and mathematical treatment described by Pollycove

and Mortimer9 were used. Five iron compartments are assumed: (1) plasma

iron, (2) nonheme labile marrow iron, (3) iron associated with heme of mar-

row erythrocyte precursors, (4) iron associated with heme of circulating eryth-

rocytes, and (5) the exchangeable storage iron. The pool sizes of the plasma

and red cell iron compartments are experimentally determined, whereas the

sizes of the remaining three compartments are computed. The plasma disap-

pearance curve is resolved graphically into 2 to 4 components with correspond-

ing slopes and intercepts that permit the calculation of the mean daily hemo-

globin synthesis, the mean effective red cell survival (MRCS) time, the various

intercompartmental exchange rates, and the mean effective hemoglohinization

time (MEEHT).

The data can be analyzed according to one of two methods. Tile choice of

a particular scheme for the individual case is guided by the pattern of the

plasma disappearance curve as well as by the surface counting pattern, par-

ticularly over the liver and the spleen. In the first scheme, the storage-plasma

iron exchange is neglected. In this case, the plasma curve should show two

exponential components only designated r, and r3 in the figures. This may be

complicated by shortening of MRCS time with consequent return of radioiron

to the plasma pool within the 14 days of study. In this case, the plasma curve
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244 AWWAD, BADEEB, MASSOUD AND SALAH

will show a terminal constant equilibration level designated “D” in the figures.

In the absence of extramedullary erythropoiesis, and if the MRCS time is

normal, the surface counting over liver, spleen, and heart should show an mi-
tial drop followed by a gradual rise to the immediate postinjection level. Intra-

splenic red cell sequestration is manifested by a rise of surface counts following

the initial drop to an appreciably greater level than the immediate postinjection

value. In addition, extramedullary splenic and/or hepatic erythropoiesis is

reflected in the surface counting pattern by an accumulation of activity in these

organs to a maximum value to be followed by a gradual fall to the immediate

postinjection value. If both erythropoietic and sequestration activity are taking

place in the spleen, there will be noted an incomplete release of accumulated

activity. The second scheme of ferrokinetic analysis is used when there is evi-

dence of significant plasma-storage exchange. In this case, the plasma curve

should show three distinct exponential components designated r,, r2 and r3 in

the figures, and the liver counts should rise to a sustained high level. This al-

lows for the calculation of both the size of the exchangeable storage iron pooi

and its exchange rate with plasma. This pattern can also be complicated by

shortening of the MRCS time when a terminal constant level of plasma ac-

tivity “D” will he noted. The analytical and mathematical details of both

schemes were given by Pollycove and Mortimer.9

RESULTS

Tables 1 and 2 give the important clinical and hematologic features of the

two groups of leukemia before and after radiotherapy. Splenic irradiation sup-

plemented by irradiation of lymph nodal masses in some cases of CLL could

achieve good clinical and hematologic remissions in all patients. The total x-ray

skin dose per portal varied between 200 rads in 4 weeks to 400 rads in 6 weeks

ill the CML group, and between 175 rads in 3 weeks and 375 rads in 5 weeks

in the CLL group, which generally exhibited a somewhat greater radiosensi-

tivity. In one case of CLL irradiation of external groups of lymph nodal masses

was the only treatment necessary (Case 10, Table 2). In two other patients of

the same group splenic irradiation was supplemented by irradiation of residual

nodal masses. Complete or partial regression of unirradiated nodal masses was

observed in Six cases of CLL following splenic irradiation. Similarly regression

of splenic enlargement was noted in Case 10 of the CLL group following nodal

irradiation. Such indirect radiation effects were also reported by Levitt.7

Radiotherapy was the only pertinent treatment employed and the improve-

ments noted in the blood levels could be attributed to this treatment. None of

the patients showed evidence of associated problems such as iron or folate

deficiency, bleeding, or infection that needed supplementary correction meas-

ures. The duration of the induced remissions following irradiation varied be-

tween 5 to 16 months.

FERROKINETIC STUDIES

The ferrokinetics of the normal control, CML, and CLL groups will be pre-

sented under different headings:
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Fig. 1.-Surface counts over heart (H), liver (L), spleen (5) and sacral marrow

(M) in a typical case of CML, before (left) and after (right) splenic irradiation.
All counts were expressed as ratios of the immediate postinjection counts ( CPM/
CPMO) . The spleen showed a typical pattern of extramedullary erythropoiesis with
depressed marrow activity before therapy. Note the disappearance of splenic

erythropoietic activity and augmented marrow uptake after treatment.

I. The Control Group

The relevant data of this group are given as mean values with their ranges

in Table 3.

II. Chronic Myelogenous Leukemia

A. Before Treatment. All cases showed a mild or moderate normochromic

and normocytic anemia. No peripheral reticulocytosis was noted. The bone mar-

row showed a marked predominance of the myeloid over the erythroid series.

The rate of daily hemoglobin synthesis was either within normal limits or

slightly elevated. The MRCS time was either slightly or moderately shortened.

The plasma Fe59 disappearance curves were biphasic and consistent with the

first scheme. In all cases, a constant terminal equilibration plasma level was

noted, beginning about the tenth day.

The incorporation of radioiron into circulating red cells as �vell as the

MEEHT were reduced in all patients.

The sacral surface counts were consistently below normal with evidence of

extramedullary erythropoiesis in the spleen, and in some cases, to a lesser ex-

tent in the liver. On two occasions, splenic radioactivity showed an incomplete

release after the peak uptake was attained (Fig. 1). This would indicate either

red cell sequestration or radioiron storage. The first possibility is favored since

the plasma curve showed only two exponential components.

B. After Splenic Irradiation. The hemoglobin concentration rose to normal

in all cases. This was accompanied with an absolute increase in the erythroid

series of the bone marrow and reduction of the leukemic myeloid marrow cells

with consequent reduction in the myeloid/erythroid ratio (M/E ratio in

Table 3).

These changes were associated with prolongation of the MRCS time and

the disappearance of the terminal equilibration level of the plasma curve. The

rate of hemoglobin synthesis was not appreciably altered. The maximum frac-
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Fig. 2A and 2B.-The plasma disappearance of Fe59 in a case of CLL of the
hypoplastic group. Figure 2A, before therapy, showed three exponential com-

ponents with a terminal constant equilibration level (D). This was replaced by the

normal biphasic pattern in 2B following treatment.

tion of injected Fe5#{176}appearing in red cells rose up to normal and the MEEHT

was appreciably prolonged with disappearance of normoblasts previously noted

in the peripheral blood.

Extramedullary erythropoiesis was either undetectable or appreciably re-

duced. The uptake of the sacral marrow was, on the other hand, appreciably

increased (Fig. 1).

III. Chronic Lymphocytic Leukemia (Table 4)

A. Before Treatment

The ten cases studied could be fitted into one of three ferrokinetic patterns:

1. Normal pattern without anemia (Case 10 of Tables 2 and 4).

2. Relatively hypoplastic group (Cases 1 to 6 of Tables 2 and 4). This group

showed normochromic normocytic anemia without reticulocytosis. The bone

marrow showed a deficiency of erythroid cells with abundant lymphocytes and

lymphoblasts. The rate of hemoglobin synthesis was either normal or reduced

with a low uptake of radioiron in circulating red cells, diminished sacral mar-

row activity with an augmented liver radioiron storage. The plasma curve

showed three distinct exponential slopes consistent with the scheme of signifi-

cant storage-plasma iron exchange (Fig. 2A). The calculated iron exchange
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Fig. 3A and 3B.-The reduced incorporation of Fe59 into circulating red cell
in Figure 3A was appreciably increased after therapy in 3B. The dotted lines
are the theoretical curves assuming no delay in the appearance of labeled cells.
A case of CLL of the hypoplastic group.
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Fig. 4.-Organ counts of the same patient of Figure 3. The high liver uptake
(storage exchange ) , the low marrow activity, and the ervthroclastic splenic activity,
noted before therapy (left) , were partially corrected after treatment (right).

between plasma and storage pools represented 12 to 40 per cent of the total

plasma turnover.

The diminished red cell radioiron uptake was associated with shortening of

the MEEHT (Fig. 3A). In four cases, a slight reduction of the MRCS time

was noted with a terminal equilibration level of the plasma radioactivity

(Fig. 2A), and an erythroclastic pattern of splenic radioactivity (Fig. 4).

3. Hemolytic group (Cases 7, 8, and 9) of Tables 2 and 4). The normo-

chromic normocytic anemia of this group was associated with a slight reticulo-

cytosis. The bone marrow was much more cellular, the proliferation involving

both the erythroid and lymphoid series. On the basis of red cell survival, pa-

tients of this group showed a 4 to 5 times increase in the rate of red cell de-

struction. This was associated with only a twofold increase in the rate of

hemoglobin synthesis.

The plasma curves showed constant equilibration levels (D) of radioactivity

starting between the second and fourth days after the isotope injection (Fig.

5A). The three patients also exhibited a relatively high marrow uptake. In
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Fig. 5A and 5B.-The plasma Fe59 disappearance curve of a case of CLL of
the hemolytic group. The high terminal constant equilibrium level in 5A was
replaced by a normal exponential component, following treatment, 5B.

Fig. 6.-Organ counts of the same patient of Figure 5. The ervthroclastic
pattern of the spleen, and to a lesser extent of the liver before treatment (left),
were restored to normal patterns following splenic irradiation (right).

spite of evidence of increased marrow activity, the maximum fraction of Fe59

appearing in red cells was consistently reduced. The MEEHT was also short-

ened. The splenic curve showed an appreciable rise following the initial

post-injection drop, indicating intrasplenic red cell sequestration (Fig. 6).

B. After S picnic Irradiation:

1. The patient with normal ferrokinetics before irradiation was not studied

after his radiotherapy which was simply irradiation of a number of external

lymph glandular masses.
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2. Relatively hypoplastic group. Five cases were studied after splenic ir-

radiation. The hemoglobin concentration rose to normal in all but one patient

in whom the remission of anemia was incomplete. The cellularity of the mar-

row was generally reduced with an absolute increase in the erythroid series.

A biphasic plasma disappearance curve was noted ( Fig. 2B ) , except in the

patient with the incomplete remission whose plasma curve still showed an

intermediate, though less distinct, slope. Signs of marrow reactivity were ap-

parent. These included an increase in the red cell uptake ( Fig. 3B ), the rate

of daily hemoglobin synthesis, and in the sacral marrow uptake (Fig. 4).

With the exception of one case, the radioiron hepatic storage nearly disap-

peared ( Fig. 4). Prolongation of the MRCS time was also noted in cases

showing evidence of increased red cell destruction before treatment.

3. The hemolytic group. The essential post-therapy features of this group

were prolongation of the MRCS time with consequent disappearance of the

terminal equilibrium level of plasma activity ( Fig. 5B ) and reduction of the

daily hemoglobin synthesis rate to normal with an increase in the fraction of

radio-iron appearing in circulating red cells. The splenic erythroclastic activity

was replaced by a normal pattern (Fig. 6).

These changes were associated with diminished cellularity of the marrow in-

volving both the erythroid and lymphoid series.

DISci.issloN

The therapeutic usefulness of splenic x-irradiation in chronic leukemias is

demonstrated in the present study. The remissions induced by therapy included

reduction in organ size, improvement in the blood levels and bone marrow

picture as well as control of associated anemia. The quality and duration of

the remissions were in no way less than of that induced by the use of chemo-

therapeutic drugs or steroids in the same hospital. This form of treatment

needs conventional orthovoltage x-ray therapy machines which are still avail-

able in most radiotherapy centers and are rapidly falling out of use for the

treatment of other forms of cancer, in view of the greater advantages of super-

voltage and similar radiation therapy facilities.

The emphasis in the present study is on the control by splenic irradiation

of the anemia associated with the disease. A detailed ferrokinetic study before

and after therapy with a multicompartmental analysis of the plasma disappear-

ance of radioiron helped toward the understanding of the mechanism involved

in the improvement of the hemoglobin level. The relatively large doses of radio-

iron used permitted the accurate determination of the latter part of the plasma

Fe59 disappearance curve which is essential for the effective application of

multicompartmental analysis.

The ferrokinetic patterns shown by the two groups of chronic leukemia are

consistent with the previously reported pathogenesis of anemia in these con-

ditions.1�” None of the cases studied had a positive Coombs’ test. The main

feature of the myeloid group was a 1.3 to 2 times increase in the rate of red

cell destruction with failure of the erythropoietic tissues to respond adequately

to the developing anemia. The normal or slightly increased rate of hemoglobin

synthesis over normal was in no case adequate to compensate for the decreased
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RBC survival. Qualitatively, extramedullary erythropoiesis was a constant fea-

ture with premature delivery of erythrocytes into the circulation as shown by

the number of circulating normoblasts and the marked shortening of the

MEEHT. Splenic irradiation seemed to suppress the process leading to in-

creased red cell sequestration so that the hemoglobin pool could be restored

without an appreciable alteration in the rate of hemoglobin synthesis. In ad-

dition, following irradiation, a shift of erythropoietic activity from extramedul-

lary sites to the bone marrow occurred. Simultaneously, control of the leukemic

proliferation was achieved. The controlling mechanisms on the delivery of red

cells to the peripheral blood were regained as shown by the disappearance of

peripheral normoblasts and prolongation of the MEEHT.

The hemolytic group of CLL exhibited a 4 to 5 times increase in the rate of

red cell destruction which was only partially compensated for by an approxi-

mately twofold increase of the rate of hemoglobin synthesis. Although the

hemoglobin synthesis was increased in this group, the maximum fraction of

injected radioiron appearing in circulating red cells was reduced. This is ap-

parently due to “ineffective erythropoiesis” resulting in the destruction of a

fraction of erythrons either early during development or shortly after their

delivery into the circulation and does not contribute to the circulating red cell

uptake value.”5 Splenic irradiation resulted in suppression of the hemolytic

process so that a normal hemoglobin pool could be sustained with a normal

rate of synthesis.

Three patients of the hypoplastic group of CLL showed an absolute reduc.

tion of hemoglobin synthesis rate before treatment. This rate increased signifi-

cantly following the control of leukemic proliferation. These patients did not

show evidence of a marked red cell sequestration prior to therapy so that their

anemia was essentially hypoplastic, apparently due to interference with eryth.

ropoiesis. It appears, from the point of view of controlling the anemia associat-

ed with absolute marrow hypoplasia, that splenic irradiation enjoys an advan-

tage over cytotoxic drugs which also depress erythropoiesis. Splenic irradia-

tion involves exposing minimal volumes of erythropoietic tissue to x-rays, so

that the marrow can be more effectively reactivated once the interference with

active erythropoiesis is removed by the control of leukemic activity. On the

other hand, the depression of erythropoietic activity induced by cytotoxic drugs

may retard the remission of anemia. Hypoplastic states of this type might be

the underlying factor of the reported deterioration of anemia in spite of the

fall of the leukocytic count, following certain forms of chemotherapy.’6

The mechanisms involved in the prolongation of red cell survival following

splenic irradiation could be either a suppression of secondary hypersplenism

or an inhibition of an autoimmune reaction. The negative Coombs’ test before

therapy does not exclude the existence of an autoimmune hemolytic process.

SUMMARY

The usefulness of splenic x-irradiation in the palliative treatment of chronic

leukemia is illustrated by the results obtained in the treatment of 18 patients.
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This form of therapy was generally followed by reduction in organ size, im-

provement in blood levels, and control of associated anemia.

Abnormalities of iron kinetics were defined in nearly all patients prior to

therapy. A second ferrokinetic study was performed after remissions were

induced by splenic irradiation.

In the majority of patients, some evidence of increased red cell sequestra-

tion in the spleen could be demonstrated before therapy. The reaction of the

erythropoietic tissue to this hemolytic process varied. In a number of patients

with chronic lymphatic leukemia, there was an absolute hypoactivity. In the

chronic myeloid group, erythropoiesis was either normal or slightly increased.

In three cases of CLL with marked hemolytic activity, the erythropoietic ac-

tivity was increased approximately twofold. However, in none of the anemic

cases was erythropoiesis adequate to maintain a normal red cell mass. Extra-

medullary erythropoiesis was demonstrated in all patients of the myeloid

group.

SU�I�IAnIo IN INTERLINGUA

Le utilitate de roentgeno-irradiation splenic in le tractamento palliative de

leucemia chronic es illustrate per le resultatos obtenite in le tractamento de

18 patientes. Iste forma de therapia esseva sequite generalmente per un

reduction in le dimensiones del organo, un melioration in le nivellos de

sanguine, e le domination del anemia associate.

Anormalitates del cinetica de ferro esseva definite in quasi omne le pa-

tientes ante le therapia. Un repetition del studios ferrocinetic esseva effec-

tuate post que remissiones habeva essite inducite per irradiation splenic.

In le majoriate del patientes, un certe evidentia de augmentate sequestra-

tion splenic de erythrocytos poteva esseva demonstrate ante le therapia. Le

reaction del tissu erythropoietic a iste processo hemolytic variava. In un numero

de patientes con chronic leucemia lymphatic, absolute hypoactivitate esseva

notate. In le grnppo de subjectos con chronic leucemia myeloide, le erythro-

poiese esseva normal o levemente augmentate. In le tres casos de chronic

leucemia lymphocytic, characterisate per marcate grados de activitate hemolyt-

ic, le intensitate del processo erythropoietic esseva quasi duplicate. Tamen, in

nulle del casos con anemia esseva le erythropoiese adequate pro mantener

un normal massa erythrocytic. Erythropoiese extramedullari esseva demonstrate

in omne le patientes del gruppo con chronic leucemia myeloide.
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