
Protective Effect of Leukapheresis in Maii Against Large

Dose Alitineoplastic Chemotherapy

By H. H. BIERMAN, K. H. KELLY, G. J. MARSHALL AND H. L. BYRON, JR.

O NE LIMITING factor in antineoplastic chemotherapy is the vulnera-

bility of the hematopoietic system. This fact has initiated investigations

directed toward I)rotection or replacement of bone marrow preceding or fol-

lowing damage by hematodepressants.19 Of the factors necessary for repopula-

tion of marrow following severe hematodepression, the potentiality of the

hematopoietic tissue to proliferate and differentiate is of prime importance.

Consequently, primitive cells are the most important to protect or replace. If

primitive cells were no more sensitive than the more adult cells to heinatode-

pression, a marrow with increased numbers of primitive cells should he capa-

hie of withstanding more severe hematodepression than a nonstimulated mar-

row. If so, it should be possible to administer safely large (loses of cytotoxic

agents without permanent obliteration of the marrow.

In dogs, the LD50 of HN2 administered by the intravenous route is 1.0

rng./Kg.; the LD1o, is 1.4 to 2.0 mg./Kg.101’ The intravenous administration

of 0.6 mg. of HN2 in man causes profound hematodepression in blood and

marrow for 30 (lays or longer’2 ( fig. 1 ) . Although comparable information is

�iot available in man, it is likely that the LD,0 and LD0o are equivalent to or

less than that obtained in dogs.

Following leukapheresis in man, a profound increase in primitive -erythro-

cytic, granulocytic and megakaryocytic tissue was observed.’3 Consequently,

this study was undertaken to evaluate the hematopoietic protection conferred

upon the marrow by leukapheresis. This report deals with the hematopoietic

changes and recovery of eight patients with widespread neoplastic metastases

who received large hematodepressant doses of HN2 at selected intervals after

they had previously undergone leukopoietic stimulation by leukaphere.�is.’4

METHOD

Eight patients with advanced neoplastic diseases were studied. All convention:il modes

of therapy had failed to control the metastatic spread. Six of these patients had sarcoma

of the bone for which they had either received x-ray therapy or surgery (amputation) on

both and had evidence of widespread pulmonary or osseous metastatic lesions. Of the
remaining two patients one patient, KRA, had metastatic malignant melanoma and the

other patient, CLA, had widespread abdominal carcinoniatosis from an adenocarcinoma

of tile colon. All diagnoses were confirmed by histopathologic examination.
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Fig. 1 .-Prolonged hematodepression following the intravenous administration
of 0.6 mg./Kg. of HN2.’2

Leukopoietic stimulation by leukapheresis was performed once or twice at 1 to 8 clay

intervals and was characterized by an increased cellularity of the marrow.1115 Th� �tii�ine

mustard HN2 was administered in doses from 30 to 280 iiig. or 0.6 to 4. 1 ii�g. � Kg. within

6 to 96 hours following leukapheresis. HN2 was given at the peak of leukopoietic stin�nla-

tion as estimated by examination of the marrow aspirates. Repeated hematologic studies of

blood and marrow were performed by standard technics.’ �1 S

In each of these patients arterial occlusive tourniquets were applied to the lower

extremities during and shortly after the administration of I-1N2 as an added protection

against complete hematodepression. Studies of the tibial marrow following leukapheresis

exhibited increased leukopoiesis; however, following HN2 in these large doses, hemato-

depression was equal in the protected and nonprotected areas.

RESULTS

In all instances the administration of 30 to 280 mg. of HN2 caused severe

hematodepression of the bone marrow within 7 to 11 days, characterized by

marked leukopenia, anemia, an(l thrombocytopenia (fig. 2, 3). In all patients,

recovery of the hematopoietic system was observed within 16 to 25 days and

was expressed peripherally by a return toward the preleukapheresis levels in

erythrocyte, granulocyte, lymphocyte and platelet concentrations (fig. 4). The

mechanism of recovery from these otherwise lethal doses of HN2 was predict-

able and attributed to the previous leukopoietic stimulation (table I).

Severe leukopenia at the nadir ranged from 11 to 1700 �vbc. per en. mm.

from control counts of 4400 to 20,800 per cu. mm. (fig. 5). Marrow aspirates

exhibited progressive particle and cellular changes which will he described

in detail (fig. 6a to h).
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Fig. 2.-Intravenous administration of 1.7 mg./Kg. of HN2 following two leuka-
phereses.

CHANGES IN THE BONE MARROW

A. Hematodepression

Within six hours following administration of HN2 darkening of the mega-

karyocytic nuclei and the loss of a distinct nuclear membrane was noted.

The cytoplasm became more granular and exhibited increased fragmentation.

Many hyperchromatic extruded megakaryocytic nuclei appeared.

Increased extracellular granulation occurred simultaneously with the de-

crease in erythrocytic and granulocytic populations. The immature cells, viz.,

the proervthrohlast, myelohlast, promyelocvte and early myeloc�te, were the

first to disappear. Concomitantly, degenerating immature gran ulocytes and

Ferrata cells were increased. Endothelial lining cells of the sinusoids showed

cvtoplasrnic fragmentation with progressive loss of cytoplasm and eventual

nuclear flattening and pycnosis. Small and interflle(liate plasmacytes and
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Fig. 3.-Intravenous administration of four doses of 70 mg. of HN2 for a total

of 280 mg. (4.0 mg./Kg.) following three leukaphereses.

phagocytic clasmatocytes increased as did large fat cells with fibrous, honey-

combed cytoplasm and small eccentric densely staining nuclei. Within 48

hours a pink veil-like material was noted in many of the fat spaces. There was

a gradual increase of this material to the point of maximum depression.

B. Nadir

At the depth of hematodepression the particles were small, fibrous and

sparsely populated (fig. 6e). Scattered reticulum cells with prominent, homo-

geneous, pale nuclei and blue nucleoli were enmeshed in the fibrous, hypo-

cellular particle. These cells were 12 to 20 ii- in diameter with a small amount

of pale blue cytoplasm, irregular edges and a large nuclear-cytoplasmic ratio

(fig. 6f). Fat storage cells were prominent and occasional clasmatocytes con-

tained particulate greenish-iron pigment. A few small to intermediate sized

lymphocytes, 10 to 15 x in diameter, were observed.
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Fig. 4.-Prompt hematopoietic recovery following 2.0 mg./Kg. of HN2.

C. Recovery from Hematodepression

One of the initial signs of recovery was the enlargement of the sinusoidal

endothelial lining cells with a gradual metamorphosis from flattened to tri-

angular to oval and eventually to a protuberant, rounded, succulent cell with

pink staining cytoplasm often projecting into the sinusoids (fig. 6g, h). The

flattened endothelial lining cells remained in many areas despite complete

recovery.

Erythropoiesis returned in an orderly fashion without preponderance of any

particular cell type and distinctly not as crops of immature and then mature

cells. Granulocytopoiesis and megakaryopoiesis returned at a slightly later

time in the same fashion. A preponderance of diploid and tetraploid mega-

karyocytes, however, were noted. Fat storage cells disappeared but the large
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Fig. 5.-Responses to 2.4 and 4.1 mg./Kg. of HN2 at a four month interval.

fat spaces remained. Plasmacytes remained and the pink staining material

previously noted remained as fibrillar strands. The particles were heavily

fibrous with a decreased cellularity in comparison to the greater extraparticu-

lar population.

DiScuSsioN

The original recommendation for intravenous administration of HN2 was

0.1 mg. daily for six days for a total course of 0.6 mg/Kg. body weight.19 The

Table l.-Mg./Kg. of HN2 with Nadir and Recovery of Hernatopoietic System

Days Following
HN2 Rx to Reach

Name. Leuka- - _______ _______
Age. Sex Diagnosis pheresis mg. mg/Kg. Nadir Recovery

R.O.S. Chondro- 1 30 0.6 10 20
15F sarcoma

P.R.E. Osteogenic 1 60 1.0 10 24

13M sarcoma

CAR. Osteogenic 2 75 1.7 11 25

14M sarcoma

P.R.E. Osteogenic 2 120 2.0 11 18

13M sarcoma

C.A.S. Ewing’s 2 45 2.4 8 16

7M sarcoma

COP. Osteogenic 1 120 2.9 7 18

12F sarconia

P.E.S. Osteogenic 1 140 3.0 7 19

15N1 sarcoma

C.A.S. Ewing’s 1 90 .1.1 7 18

7N1 sarcoma
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Fig. 6.-Progressive changes of marrow. A. Six weeks following 0.3 mg. “Kg. of
HN2 prior to leukapheresis (15 x magnification). B. 600 x magnification of A.
C. & D. 15 x and 600 x magnification of marrow 32 hours following first leuka-
pheresis and 8 hours following the second leukapheresis. E. & F. 15 x and 600 x
magnification 8 days following intravenous administration of 2.4 mg./Kg. of HN2.

C. & H. 15 x and 600 x magnification 16 days following HN2 administration.
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severe prolonged hematodepression at this dosage level led to a reduction in

the recommended dose per course of treatment to 0.3 to 0.4 mg./Kg. usually

in a single dose.12 The ability of the patients in this study to withstand the ad-

ministration of 2 to 10 times the hematodepressant dose of HN2 appears to be

due to previous leukopoietic stimulation.

The bone marrow circulation is not open to all areas at the same time. In

the rabbit the flow through the sinusoids of the living bone marrow has been

shown to be stagnant during the movement of cells from an extravascular to

an intravascular location.20 Furthermore, the reserve of the marrow, which is

considerable, is probably similar to that for the lung, kidney, muscle, etc., in

which only a small portion of the organ is actively perfused at any time. Thus

the single administration of a cytotoxic agent, particularly if rapidly inactivated,

would be decidedly less damaging to the marrow if there were larger than

normal amounts of marrow available for subsequent repopulation. The honey-

combed compartmentation of the marrow in widely scattered areas of the body

is particularly adaptable to this approach.

The marrow of the extremities of dogs may show partial protection by

tourniquets from doses of HN2 up to 1.0 mg.’Kg. body weight (LD�o) . Oc-

elusive arterial tourniquets did not significantly alter the LD100 in dogs.1#{176}

In man, in doses up to 1.0 mg./Kg. body weight, the application of arterial

occlusive tourniquets on extremities to the point of utmost tolerance ( 15 to

30 minutes ) has, on morphologic grounds, shown slight preservation of mar-

row elements distal to the occlusion. It is doubtful that occlusive tourniquets

would act differently in dogs than in man at doses exceeding the LD101. Be-

cause large doses of HN2 well beyond 1.0 mg./Kg. body weight were to be

employed, and to take every precaution to escape permanent marrow aplasia

and to avoid any valid criticism of concern for the patients who were critically

ill with widespread advanced neoplastic illnesses, tourniquets on the available

lower extremities were inflated above 300 mm. /Hg for 15 to 30 minutes fol-

lowing administration of HN2.

There was no significant difference in hematodepression or recovery in those

patients who had one or two extremities occluded. It srould be emphasized

that five of the eight patients had either a high thigh amputation, hip disarticu-

lation or hemipelvectomv prior to this investigation. The amount of marrow

excluded by tourniquets in these patients, therefore, was that contained in a

single extremity distal to the mid thigh. In the sixth case, (CAS), the right

fibula had been amputated.

It was realized that tourniquet occlusion of the arterial flow to the lower

extremities might cloud an otherwise clear conclusion of the advantages of

stimulation of granulocytopoiesis. Nevertheless, the slower recovery of the

tibial marrow as compared with pelvic marrow following hematodepression

suggested that the major repopulation of the marrow was more rapid and

generalized than could emanate from a single or at best two small tibial

marrow foci in a shorter period than observed with 0.6 mg/Kg. of HN2

without marrow stimulation.

At time of writing, three of the eight patients, (PES, ROS and CAR) re-
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main alive 17, 25 and 30 months respectively following administration of

HN2. All continue to have evidence of pulmonary metastatic involvement.

Of the five deceased patients, the survivals ranged from 4 to 13 months.

Profound but temporary decrease in skin and pulmonary lesions were ob-

served in four of the eight patients. Detailed description of these patients will

be reported elsewhere. In view of the current interest in marrow transpianta-

tion following massive doses of x-ray or chemotherapeutic agents in an attempt

to eradicate widespread neoplastic tissues in man, it should be noted that

greater than four times an approximate LD50 of HN2 will be required for

permanent benefit in Ewing’s sarcoma or malignant melanoma.

Many other technics have been employed to circumvent the highly vulner-

able marrow during antineoplastic chemotherapy in man. Homologous,7’9’2’

autologous8’22’2� and isologous24 marrow transplants have resulted in no

greater protection of the hematopoietic system at far less equivalent doses of

HN2 or radiation. Mechanical isolation and perfusion of extremities25 or

trapping the chemical agent within an organ or region by simultaneous venous

occlusion and arterial infusion of approximately 1.0 mg. HN2/Kg. body

weight�#{176} also resulted in severe hematodepression with no more rapid recovery

than observed in these studies with 2.5 to 4.1 mg. of HN2/Kg. body weight.

Caution should be exercised during the administration of large doses of

cytotoxic agents despite hematopoietic protection. The next most vulnerable

tissues to HN2 are not well known although the central nervous system,

gastrointestinal tract, and liver are high on the list of suspects. Toxic effects

on these tissues may impose limitations at a higher dose level. The exploration

of this “no man’s land” should be first approached carefully in large animals.

CONCLUSIONS

Eight patients with widespread metastatic neoplastic diseases following

leukopoietic stimulation by leukapheresis were treated on 10 occasions with

large doses of HN2, 30 to 280 mg. (0.6 to 4.1 mg./Kg.). Despite severe hemato-

depression with anemia, leukopenia and thrombocytopenia, hematopoietic

recovery occurred in all instances within 16 to 25 days. The recovery from

severe hematodepressant doses of HN2 is attributed largely to the previous

leukopoietic stimulation. Doses of HN2 at approximately four times the LD50

were unable to eradicate metastatic tissue in Ewing’s sarcoma and malignant

melanoma.

Although hematopoietic protection was evident, the hazard of injuring the

next most vulnerable tissues must be considered as larger amounts of cytotoxic

agents are employed.

SUMMABI0 IN INTERLINGUA

In octo patientes con extense morbo neoplastic metastatic, le functiones leu-

copoietic esseva stimulate per medio de leucopherese, sequite in 10 occasiones

per le administration de grande doses de HN2. Le dosage variava inter 0,6 e

4,1 mg per kg de peso corporee e amontava a inter 30 e 280 mg. In despecto de

tin hematodepression sever-con anemia, leucopenia, e thrombocytopenia-le
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312 BIERMAN, KELLY, MARSHALL AND BYRON

restablimento hematopoietic occurreva in omne casos intra inter 16 e 25 dies.

Iste restablimento ab sever doses hemato-depressive de FIN2 es attribuite in

grande mesura al precedente stimulation leucopoietic. Doses de HN2 amon-

tante a circa quatro vices le DL50 esseva incapace a eradicar tissu metastatic in

sarcoma de Ewing e in melanoma maligne.

Ben que le effectuation de un protection hematopoietic esseva evidente, le

risco de lesionar le tissu de vulnerabilitate secundo-maximal debe esser

ponderate in tanto que plus grande quantitates de agentes cytotoxic es em-

pleate.
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