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T HE IMPORTANCE of the reticuloendothelial system ( RES ) in the re-

moval and destruction of bacteria which have invaded the blood stream

is well recognized.’5 There is evidence that alteration in reticuloendothelial

( RE ) phagocytic function influences intravascular survival and proliferation

of these microorganisms.5 This may result in more widespread bacterial dis-

semination and increased severity of infection. Many patients with malignant

disease of the hemopoietic system do experience frequent and severe bacterial

infections.0’9 Although these probably are the result of multiple defective

defense mechanisms, it is possible that disease or even therapy-induced im-

pairment of RE phagocytic function may play an additional role.

The purpose of this study was to evaluate RE phagocytic function in a

group of patients with malignant hematologic diseases during various phases

of their clinical illnesses. The blood disappearance rate of I’31-labeled human

serum albumin which had been aggregated to form macromolecular particles

of uniform size was employed in this study as an index of RE phagocytic func-

tion. The rapid biologic turnover of the albumin, prompt elimination of the

radioiodine and lack of albumin antigenicity permitted the completion of

repeated clearance studies on several patients.

Most patients with acute leukemia showed abnormally slow blood clearance

of injected P�-aggregated human serum albumin. Clearance rates were within

the control range for most patients with chronic granulocytic leukemia and

lymphoma. No consistent pattern was found in patients with either chronic

lymphocytic leukemia or multiple myeloma.

MATERIALS AND METhODS

A total of 59 clearance studies were performed on 9 control subjects and a group of

38 patients with various types of acute and chronic leukemia, lymphoma and multiple
myeloma (table 1). At the time of study, although tluere were wide variations in the

degree of clinical activity of their underlying disorders, most of the patients had no

overt evidence of infection. With the exception of the patients with chronic granulocytic

leukemia, most patients had luad little or no previous therapy for their malignant dis-
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492 CROCH, PEIULLIE AND 1�’)INCH

orders within tlue preceding 6-12 months. Whenever possible, the patients were re-

stu(lie(l with change in clinical activity of disease or during therapy. The 9 control sub-

jects were free of demonstrable organic disease that might luave altered RE phagocytic

functiotu.

A single lot of aggregated human serum albunuin was prepared according to the

iuuethod of ho and \Vagner.’#{176} Tlue alhuiuuin was adjusted to a concentration of 35 mg./ml.,

Seitz-filtered, and stored at 4 C. in 30-50 nul. pyrogen-free bottles. The contents of each

bottle were pyrogen-tested in rabbits prior to use. TIue I1�-labeled aggregated human

serum albumin was prepared by the same metluod. The specific activity of this radio-

active material ranged from 0.06 to 1.3 nuc./nug.

The general principles underlying the use of P-aggregated human serunu albunuin

for clearance studies of this type have been described previously,I�� The total dose of

aggregated hunian seruiu�i albunuin for each patient was 5 mg/Kg. of body weight. Prior

to adnuinistration, sufficient Il:sI_aggregated hunuan serunu albunuin was mixed in a sterile

syringe to give 11:41 activity ranging from 10-20 �c. The high specific activity of the

II:CI�aggregat�d human serum albunuin was such that addition of this nuaterial did not

significantly increase the total amount of aggregated luunuan serum albumin administered.

Five minutes after rapid intravenous injection of the labeled aggregated albumin, 3-ml.

1)100(1 sanuples were drawn into heparinized tubes from an antecubital vein of the op-

posite arnu at 2 nuinute intervals during the next 8 minutes. These sanuples were collected

via an indwelling needle and stopcock. The system was kept patent and washed free of

residual blood by flushing with heparinized saline before removal of eaclu sanuple. The

plasma was rcnuove(I from each tube and 1 ml. aliquots were counted in a well-type

scintillation detector system. The counting error was kept at less than 1 per cent. In-

(lividual plasnua samples did not contain significant anuounts of unbound radioactive iodide.

The counts for each sample were plotted on semilogarithmic coordinates against time

and the best straiglut line possible was drawn through the points. Tlue blood clearance of

the aggregated human serum albunuin then was expressed as a function of the slope of

the disappearance curve ( K ) . Tlue K value calculation is as follows:

Log C1 - Log C.)
K= -

T.,

For this formula C1 and C.� represent blood concentration at tinues T1 and T0, respec-

tively. Since the constant K defines the slope of the clearance curve it measures tlue

clearance of particles which is an index of RE cell phagocyto�is. This function has

1)een termed tlue “Pluagocytic index.”1’

RESULTS

Control Subjects

The RES phagocyCc index (K) averaged 0.044 ± (1 SD) 0.005 in the 11

tests performed on the 9 control subjects. Repeat testing of two control subjects

1-3 weeks after the initial testing showed constant values.

Acute Leukemia

The K values for the 18 clearance studies performed on the patients in this

group averaged 0.034 ± 0.003. Reduced K values were obtained on 7 of the 11

patients in this group. In the remaining 4 patients the K values were within

or slightly above the control range. Three of the 7 patients with low K values

subsequently experienced either partial or complete hematologic remissions

in response to treatment. In 2 of the 3 patients single repeat clearance studies

performed during the periods of partial remission showed persistence of low
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RETICULOENDOTHELIAL PHAGOCYTIC FUNCTION 493

K values ( table 2) . In the third patient serial clearance studies during a

9-month interval characterized by separate periods of remission and relapse

all demonstrated reduction in K values ( table 2, fig. 1 ) . Repeat studies on the

other 4 patients after unsuccessful courses of antileukemic therapy showed no

significant alteration in the phagocytic index.

Normal or slightly elevated K values were obtained in 4 acute leukemia

patients. Although the reasons for these findings are not clear, it is of interest

that one of these patients had massive splenomegaly associated with laboratory

evidence of rapid red cell destruction.

Chronic Granulocytic Leukemia

All 4 patients in this group had K values within or above the control range.

The average K value was 0.045 ± 0.003. Three of the patients were in complete

hematologic remission following busulfan therapy. Patient 12 ( table 1 ) had

a phagocytic index of 0.051, a higher than normal rate. At the time of the study

he was quite ill with massive hepatosplenomegaly and hemolytic anemia

(T 1/2 Cr5’ red cell survival equaled 9 days).

Chronic Lymphocytic Leukemia

The widest fluctuations in K values were found in patients within this

group with the average K value being 0.049 ± 0.058. Variations in K values

showed little relationship to either the activity of the basic disease process or

to the type or amount of previous therapy.

Patient 17 ( table 1 ) was of interest in that her initial K value was above

the control range ( 0.056) . At this time she had a Coombs positive acquired

hemolytic anemia and marked splenomegaly. Following splenic irradiatiop

and corticosteroid therapy there was regression of the enlarged spleen and

correction of the anemia. A repeat clearance study following response to

therapy demonstrated a return of the K value to the control range (table 2).

Lymphoma

The K values in this group averaged 0.045 ± .009. Only 2 of the 10 patients

had K values below the control range. Following nitrogen mustard therapy the

moderately reduced K value returned to the control range in 1 of the 2

patients (Patient 23, table 2).

Three patients had K values above the control range. Two of the 3 had

widely disseminated disease with hepatosplenomegaly and overt hemolytic

anemia.

Multiple Myeloma

Patients in this group showed wide variation in their phagocytic indices

which appeared unrelated to the extent of tissue involvement or previous

therapy. The average value was 0.043 ± 0.015. Of the 5 patients in this group

2 had K values below the control range, whereas 2 had values above the

control range.
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RETICULOENDOTHELIAL PHACOCYTIC FUNCTION 495
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Fig. 1

DISCUSSION

The most consistent finding of this study was the demonstration of reduced

RES phagocytic function in patients with acute leukemia as measured by the

aggregated albumin technic. In light of our present knowledge of RES

phagocytic function it seems permissible to assume that the RES clears

injected particulate matter in much the same way as circulating micro-

organisms.’2’14 Our results would, therefore, suggest that most of the patients

with acute leukemia had impairment of this important bacterial defense

system.

The ‘ ‘�nechanism responsible for altered RE phagocytic activity in acute

leukegij#{225} is unclear. A deficiency in serum opsonins might impair RES

clearance of aggregated human serum albumin.12 To date, however, no con-

sistent defect of either antibody or complement production has been demon-

strated in acute leukemia.15’17 Replacement of or encroachment upon fixed

macrophages by leukemic cells could result in dysfunction of the RES in a

manner similar to the hemopoietic dysfunction which results from the in-

vasion of normal marrow elements by neoplastic cells. The persistence of

abnormal RE phagocytic activity in 3 of our patients during complete or

partial remissions suggests, however, that the leukemic process alters RES

function by a method other than or in addition to simple mechanical re-

placement.

Previous studies have described diminished clearance of aggregated 1131

albumin in patients with cirrhosis and portal vein obstruction.18 The defect

described was believed to be due to a reduction and diversion of hepatic

blood flow leading to a bypass of hepatic RE cells. It is conceivable that a

similar alteration in hepatic blood flow secondary to leukemic involvement
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496 GROCH, PERILLIE AND FINCH

of the liver could result in reduced clearance of I’�-aggregated human serum

albumin. The persistence of reduced RE cell phagocytic function in some

of our patients during remission, however, again suggests that leukemia cell

infiltration of the liver probably is not solely responsible for the reduced

clearance rate of I’31-aggregated human serum albumin. An alternative ex-

planation is based on the observations of \Volf and Klemperer and D#{246}lle.’92#{176}

These investigators found that increased liver density and size in patients

with leukemia was due to an increase in weight and volume of individual

luepatic parenchymal cells rather than to marked leukemia cell infiltration.

Our experience based on a careful review of the autopsy findings of 11 pa-

tients with acute leukemia is similar.2’ It seems possible, therefore, that hy-

pertrophy of hepatic parenchymal cells may reduce the size of the intra-

hepatic vascular bed resulting in reduced hepatic blood flow.

If reduced clearance of I’s’ albumin in acute leukemia is associated with

impaired hepatic RE function, one would expect diminished hepatic clear-

atice of certain otluer substances. Although bromosulfopthalein clearance

studies were not routinely obtained in the acute leukemia patients studied,

it is of interest that 6 of 11 other acute leukemia patients in relapse observed

l)y us SIT1O\Ved abnormal bromosulfopthalein clearance in the absence of any

other abnormal liver function studies.21 Subsequent studies of hepatic blood

flow in acute leukemia may clarify this relationship.

Our studies failed to demonstrate alterations in RES phagocytic function

in patients �vitlu chronic leukemias and lymphomas. Similar results have been

ol)tailled by others.22’24 Biozzi et al. reported reduced phagocytic indices in

2 patients with acute leukemia and normal or accelerated phagocytic activity

in 5 patients with chronic leukemia and lymphoma.22 Delaloye and Cruchand

alSo found reduced K values in a patient with acute leukemia and normal or

rapid phagocytosis in 5 patients with chronic leukemia or lymphoma.23 In

the latter study, 3 additional female patients with acute leukemia were con-

sidered to have normal K values. It should be noted that the authors’ control

studies showed that females had lower K values than males. Our studies have

shown no difference between sexes in the clearance rate of P�#{176}-aggregated

all)umill. By our criteria the results obtained in the 3 female patients de-

scribed would have been abnormally low. It is surprising to find reduced

RES phagocytosis in females when it has been reported that estrogen ad-

ministration results in stimulation of RE phagocytic activity.24’25

The increased RE phagocytic function observed in some patients in the

present study may have been the result of stimulation of the RES through

increased red cell destruction or infection. Increased splenic RE phagocytic

fu nctioii occurs in patients with autoimmune hemolytic anemia.26 Similarly,

l)acterial infection has recently been shown to increase RE phagocytic func-

tion in maiu.’#{176} Altogether there were 6 patients in this series who had either

overt hemolytic anemia or shortened red cell survival by the Cr5’ technic.

Each had increased RE phagocytic function as measured by accelerated

clearance of I”-aggregated human serum albumin. It is unclear whether

the shortened erythrocyte survival is the result of RES stimulation or hyper-
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RETICULOENDOTIiELIAL PHACOCYTIC FUNCTION 497

trophy, or whether the increased RE phagocytic activity is the by-product

of increased demands that accelerated red cell destruction places on the RES.

It has been reported that functional RE cells ( macrophages ) are necessary

for lymphocytic response to antigenic stimulation.27 It also is known that

antibody synthesis in patients with acute leukemia is only moderately im-

paired,15’7 yet in the present study it was this group of patients that showed

depression of RE cell phagocytic activity. On the other hand, patients with

lymphoma, chronic lymphocytic leukemia and multiple myeloma are generally

believed to be poor antibody producers.’7 Patients with these diseases did

not show significant depression of RE cell phagocytosis. In 1 animal study

the administration of Imuran for a period of several months at antibody sup-

pressive levels did not alter RE cell phagocytic activity.28 These observations

suggest a dichotomy of function either among or within individual RE cells.

It was speculated that prolonged administration of certain chemothera-

peutic agents to patients with leukemia and lymphoma might directly damage

RE cells. Cellular injury of this type could result in reduced clearance of

bacterial organisms from the bloodstream and possibly to impaired antibody

synthesis. In our study, there was little evidence that any of the chemothera-

peutic agents administered was responsible for altered phagocytic function.

This included busulfan, chlorambucil, prednisone, 6-mercaptopitrine, and

phenylalanine mustard. It is apparent that many more patients must he

studied before the effects of chemotherapy on RE cell phagocytic function

are to be understood.

It is likely that multiple defects are present in the bacterial defense mecha-

nisms of patients with acute leukemia. Previous studies have demonstrated

an abnormality in the dynamics of the local inflammatory reaction of such

patients.2#{176} Depression of RES phagocytosis may represent an additional weak-

ness in the complex process of host resistance to infection.

SUMMARY

Reticuloendothelial phagocytic function was studied in a group of patients

with leukemia, lymphoma and myeloma utilizing I’31-aggregated human se-

rum albumin. The majority of patients with acute leukemia were found to

have diminished RES phagocytosis. Increased RES phagocytosis was demon-

strated in some patients and appeared to be related to accelerated erythro-

cyte destruction. Chemotherapy per se had little demonstrable effect on RES

phagocytic function.

SUMMARIO IN INTERLINGUA

Le functiones phagocytic del systema reticuloendothelial esseva studi ate in

un gruppo de patientes con leucemia, lymphoma, e myeloma multiple, util-

isante albumina de sero human marcate con 1131. Esseva constatate que le

majoritate del patientes con leucemia acute habeva tin reducite phagocytose

del systema reticuloendothelial. Augmento del phagacytose del systema re-

ticuloendothelial esseva demonstrate in certe patientes in Ic quales illo

pareva esser relationate con un accelerate de�truction del er�’throcvtos. Chinio-
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498 GROCH, PERILLIE AND FINCH

therapia per se habeva pauc effecto demonstrabile super le function phago-

cytic del systema reticuloendothelial.
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