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(From the Robert Dawson Evans Memorial, Massachusetts Memorial Hospitals, and the Radio-
isotope Unit and Medical Serzice, Boston Veterans Administration Hospital, and

the Department of Medicine, Boston University School of Medicine,
Boston, Mass.)

(Submitted for publication May 29, 1956; accepted July 26, 1956)

Anemia is a common occurrence in patients
with malignant neoplastic disease. It is often
associated with chronic blood loss and occasionally
with chronic infection. However, in the majority
of instances, the anemia cannot be ascribed to
these causes and no basis for its development is
discovered other than the existence of cancer. It
has been interpreted by some investigators as a
reflection of toxic bone marrow depression or
destruction of the marrow by tumor metastases.
However, hemoglobin concentration and the size
of the total erythron (1-3) may be normal in the
presence of bone marrow metastases. Recently it
has been proposed (4-6) that the anemia of can-
cer may occasionally result from a diminution in
the life span of the red cell. Also, an increased
rate of red cell destruction has been noted in leu-
kemia and lymphoma (7). Hypoferremia in can-
cer in the absence of chronic blood loss has been
described by many investigators (8-10). Usually,
but not invariably, this has been associated with
anemia. Its pathogenesis and its relationship to
the anemia of cancer are alike obscure.

The purpose of this investigation has been to
study the effect of cancer on iron metabolism and
to delineate, if possible, the mechanisms respons-
ible for anemia in patients with neoplastic diseases.

METHODS

I. Clinical Material
Thirty-eight patients with a diagnosis of carcinoma

except for patients No. 17 and 20 were studied. Meta-
stases were present in all but 4 of these patients (Tables

1 Work supported in part by AEC Contract "301" 919.
2Formerly Post Doctorate U. S. Public Health Serv-

ice Fellow at the National Cancer Institute.
8 Present address: Syracuse Veterans Administration

Hospital, Syracuse, New York.
4Present address: School of Medicine, University of

California at Los Angeles.

I and II). Primary renal and liver disease, blood loss,
overt hemolytic anemia, and infection were excluded by
clinical examination and laboratory findings.

II. Experimental Plan
The subjects were hospitalized during the initial pe-

riod of investigation, and subsequently when necessary.
Fecal urobilinogen and radioiron studies were begun dur-
ing the first week of hospitalization. A transfusion of
labelled red cells for the purpose of measuring erythro-
cyte survival was begun after completion of the above
studies. All phases of this program were completed in
only 3 cases.

III. Procedures
1) Hematological

Erythrocyte count, hematocrit (11), and hemoglobin
(12) were measured in all patients. Reticulocyte count
by the aqueous cresyl-blue method, quantitative serum
bilirubin (13) and Coombs test were done on most of the
patients.

2) Urobilinogen excretion and hemolytic indices

Fecal urobilinogen was determined on four-day stool
collections by the method of Schwartz, Sborov, and Wat-
son (14) and the hemolytic index then calculated (15).

3) Blood volume determinations
The red blood cell volume was determined in 15 pa-

tients by the P' tagged red cells technique, and in the
remaining patients, plasma volume was determined by
the Evans blue dye method of Gibson and Evans (16).
When the total red cell volume was calculated from the
Evans blue determined plasma volume, the venous hemato-
crit was corrected by the factor of 0.92 (17).

4) Erythrocyte survival studies

(a) Ashby red cell survival studies. Thirteen indi-
vidual red cell survival studies were performed in 12
patients. In patients No. 23, 27 and 31, x-ray treatment
ranging from 2,000 to 8,000 r had been completed within
a minimum of 16 days before survival studies began.
Each patient was transfused with 500 or 1,000 cc. of
normal donor blood, freshly collected in ACD, except
in three cases, where the blood was from 3 to 6 days
old. Inagglutinable counts were 20,000 or below per mm.'
in all but two cases. The differential agglutination tech-
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TABLE II

Correlation of the clinical status of the cancer with the severity of the anemia

Number of Anemia Anemia Anemia Anemia
Status of disease cases present* mild moderate severe

1) Localized 4 None None None None

2) Metastases present 34 22 6 14 2

(a) Metastasestobone 18 17 6 9 2
* Anemia mild (10.5 to 12.0 gm. per cent).

moderate (7.0 to 10.4 gm. per cent).
severe (< 7.0 gm. per cent).

nique of Ashby as modified by Ebert and Emerson (18)
and Young, Platzer, and Rafferty (19) was employed.
Net inagglutinable counts were expressed as per cent
transfused cells remaining at time (t) using the net inag-
glutinable counts at 24 to 48 hours as the 100 per cent
point. The mean life span of transfused red cells was
roughly estimated by drawing a straight line through
the main slope of the survival curve and noting where
it intercepted the time axis.

(b) Chromium red cell survival studies. The survival
of the patient's own red cells was determined by the Cr'
method of Ebaugh, Emerson, and Ross (20) in two pa-
tients. Both blood and plasma samples were secured and
counted 24 and 48 hours after transfusion. Thereafter,
counts on whole blood were performed at intervals of
2 to 3 days for the first 2 to 3 weeks and subsequently
once every 1 to 2 weeks. Corrections for chromium
elution were made as recommended by Ebaugh, Emerson,
and Ross (20).

5) Iron metabolism studies
(a) Serum iron determination. The serum iron con-

centration was determined by the method of Kitzes,
Elvehjem, and Schuette (21). Normal levels by this
technique in our laboratory were 70 to 155 y per cc.

(b) Tissue iron demonstration. Sections of liver,
spleen and bone marrow were stained for iron by the
Berlin blue stain for hemosiderin on patients expiring
of their disease.

(c) Radioiron turnover studies. Fe' secured from
Abbott Laboratories, Oak Ridge, Tennessee, with specific
activity of 2 to 5 ,uc. per ,ug. was converted from ferric
chloride to ferric ammonium-citrate. Then, 0.1 to 0.3 cc.
of this sterilized material containing about 2.0 to 7.0 ,ug.
of iron with a radioactivity of 7 to 11 sec. was incubated
at 370 for 30 minutes with 12 to 13 cc. of plasma obtained
from a normal human subject. A 10-cc. aliquot of this
plasma was injected intravenously from a calibrated
syringe and needle. The disappearance of Fe from the
plasma, the plasma -iron turnover, the red cell utilization
of Fe', the red cell iron turnover and the red cell iron
renewal rate were determined by the method of Huff,
Hennessy, Austin, Garcia, Roberts, and Lawrence (22).
The plasma and red cell turnover was expressed as the

mg. iron/hr. and calculated from the following
liter red cell mass

formula:

Plasma iron turnover =

0.693 X serum iron conc. (ug. per cc.) X plasma vol. (cc.)
Ti (in hours) X 1,000 X 24

liter red cell mass

Red cell iron turnover = red cell iron turnover mg. per hr.
liter red cell mass

The control values on 8 normal subjects to be alluded to
are from Pollycove, Apt, and Ross (23). The experi-
mental plan in the performance of these normal studies
is similar to that used in the present study.

6) Distribution and movement of Fe' in the body

Following the intravenous injection of radioactive iron,
the localization of radioactivity in various organs was
measured. Measurements of radioactivity were made
over the heart, liver, spleen, sacrum and thigh at 30 to
60 minutes, 2, 4, and 6 hours, and at daily intervals over
a period of 1 to 2 weeks.

7) Measurement of radioactivity
(a) Beta counting. Radioactive phosphorus labelled

erythrocytes were counted as solid samples using a thin
window beta-sensitive Geiger-Muller tube. The count-
ing error was less than 1 per cent.

(b) Gamma counting. Fe' and Cr'1 samples were
counted in the liquid state using a well-type scintillation
counter (sodium, iodide, thallium activated). When red
cell samples were counted, saponin was added to produce
hemolysis. Samples usually counted 5 to 15 times back-
ground and sufficient total counts were taken to give a
statistical counting error of 1 to 2 per cent. In the 3
or 4-hour plasma samples from the plasma iron turnover
studies, the concentration of Fe' was often so low that
the statistical counting error was 5 to 10 per cent. Ex-
ternal monitoring measurements were made with a one
inch diameter, one inch deep thallium activated, sodium
iodide scintillation crystal applied directly to the skin.
Each site was counted for 1-minute intervals while the
background was counted for 10 minutes. The back-
ground count ranged from 600 to 1,000 counts per min-
ute and- the body counts usually ranged from 6,000 to

18,000 counts per minute.
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EXPERIMENTALRESULTS

1. Hematological
Of the patients studied, 22 out of 38 had an

anemia, with the severity of the anemia listed in
Table II. In 19 of the 22, the anemia was normo-
chromic with a mean corpuscular hemoglobin con-
centration (MCHC) of 30 per cent or above
(Table I). The remaining 3 patients had slightly
reduced MCHC's ranging from 28.8 to 29.9 per
cent. Twelve of the 16 patients without anemia
had metastases and, despite extensive bone meta-
stases, one of the 16 had normal hemoglobin val-
ues. The reticulocyte count was slightly elevated
(3 to 5 per cent) in 4 patients. The Coombs test
was negative and the serum bilirubin was within
normal limits in all patients so studied.

2. Radioiron studies

(a) Plasma disappearance half-time of Fe59
(Tj). The plasma disappearance half-time of
Fe59 (Tj) ranged from 1.18 to 2.18 hours in nor-
mal subjects. In 27 of 37 studies on 33 cancer
patients the Ti was more rapid than normal
(Table I). The Ti appeared to correlate fairly
well with serum iron levels, the coefficient of cor-
relation being 0.690 (Figure 1). Thus short Ti's
were present when serum iron levels were de-
pressed, and long Ti's when serum iron levels
were elevated. The relationship between Ti and
serum iron concentration was further noted when

24

2.0 0

pkbuw 1.6 w

if-time 9.2 E .* .*
of Fin*g

(Naom) 0.8

0.4 Se..

0 40 60 80 900 920 940 60 190
SERUMIRON- tOO oc.

FIG. 1. CORRELATIONOF THE Fe PLASMADISAPPEAR-
ANCE HALF-TIME WTHTHE SERUMIRON CONCENTRA-
TION IN 33 PATIENTS WITH MALIGNANTNEOPLASMS

Each point in the above chart represents the serum
iron concentration and the plasma disappearance half-
time of a patient with malignant disease. The coefficient
of correlation between the above two measurements was
0.690.

repeat radioiron studies were performed on the
same patient after progression of the disease had
occurred. Patient No. 12 was first studied when
her disease was relatively quiescent and when the
Ti and the serum iron were both normal (Table
I). Seventy-three days later, when her disease
had become widely disseminated, a depressed se-
rum iron level and a short Ti was present. A
similar finding was present in patient No. 29, who,
with slow progression of her disease, had progres-
sive lowering of serum iron levels concomitant
with shorter Ti's (Table I). Short Ti's were
not a good index of increased erythropoiesis.
Thus in 17 of 37 studies, with slow Ti's the daily
rates of red cell production were either normal or
actually decreased as measured by the red cell
iron turnover (Table I). In only 9 out of 37
studies were the Ti's within normal limits. Four
patients in this group had quiescent disease, and
anemia was present in only 2 such patients. Pa-
tient No. 17, with an elevated serum iron and de-
creased red cell production, had a longer than
normal Ti.

(b) Plasma iron turnover. In 21 of 37 studies
the plasma iron turnover (the amount of iron
leaving the plasma per unit time) was within the
normal range of 0.569 to 1.149 mg. iron per hour
per liter red cells (Figure 2). In 11 patients the
plasma iron turnover rate was increased over the
normal, and in patients No. 1 and 27, the increase
was 2 to 4 times normal. In only 2 of 37 studies
was the plasma iron turnover decreased.

(c) The red cell utilization of injected Fel9.
The incorporation of the injected Fe59 into newly
formed red cells was normal (80 to 100 per cent)
in 29 of 36 studies on 32 patients (Table I).
Despite this normal red cell utilization of Fe59 in
patients No. 16, 20 and 21b, the daily rate of red
cell production was decreased when the red cell
iron turnover was calculated. In only 7 of 36
studies was the red cell utilization of Fe59 de-
creased. Only 5 per cent red cell utilization oc-
curred in patient No. 17, who had the long Ti.

(d) The red cell iron turnover. In 20 of 36
studies the red cell iron turnover (the amount of
iron entering into newly formed red cells per unit
time) was within the normal range of 0.569 to
1.033 mg. iron per hour per liter red cells (Figure
2). In 11 studies the red cell iron turnover was
increased. A 2 to 4 fold increase over normal oc-
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ERYTHROCYTEIRON
TURNOVER
I I

i.600 I-#

0.800 :. RANGE

FIG. 2. THE RATE OF PLASMA IRON TURNOVmRAND
THE RATE OF RED BLOOD CELL IRON TURNOVERIN 33
PATIENTS WITH NEoPLAsTIc DISEASE

curred in patients No. 1 and 27. A definite in-
crease in red cell iron turnover was also noted in
patients No. 9 and 25 despite the presence of nor-

mal hemoglobin levels (Table I). A decrease in
red cell iron turnover was noted in 5 patients
ranging from 0.114 to 0.534 mg. iron per hour
per liter red cells. Anemia was present in only 2
of these patients. A profound decrease in red cell
iron turnover was noted in patient No. 17 al-
luded to previously, in whom subsequent autopsy
showed complete bone marrow replacement with
lymphosarcoma.

(e) Red cell renewal rate. The red cell renewal
rate (the fraction of red cells renewed daily) was

increased over the normal rate of 1.1 to 1.8 per
cent in 20 studies on 18 patients (Table I). A
very marked increase in red cell renewal rate,
i.e., 4 to 8 times normal, was noted in patients No.

1 and 27 associated with a 2 to 4 fold increase in
red cell production. Patients No. 9 and 25, with
normal hemoglobin values and increased red cell
iron turnover values, demonstrated red cell re-
newal rates that were almost twice normal. In
all twenty studies with increased red cell renewal
rates metastases were present, whereas metastases
were discovered in only nine of the sixteen studies
with normal renewal rates. Anemia was present
in seventeen of the twenty cases with increased
red cell renewal rates, whereas it was observed in
only three of the sixteen cases with normal re-
newal rates.

3. External monitoring

The localization of iron in the body, and changes
in this localization with the passage of time, were
studied by external monitoring in 8 patients. An
early rise in sacral activity followed by a gradual
decline (Figure 3) occurred in 5 patients (No.
11, 12, 15, 16 and 20). This is thought to be
representative of functioning erythropoietic bone
marrow and is similar to the pattern found in
normal subjects. Three other patients (No. 5,
17 and 29) demonstrated abnormalities in the
distribution of Fe59. Patient No. 5, whose hemo-
lytic index was increased, showed an early and
sustained concentration of Fe59 over the spleen
without a sacral concentration of Fe59 (Figure 4).
Patient No. 17, whose bone marrow was replaced
by lymphosarcoma, also demonstrated a failure of
sacral uptake of Fe59 with a pooling of radioiron

%.A

$z

Potient 5

II.

rR1
It

TIME AFTERINJECTION O

FIG. 3. NORMALPATTERN OF Fe' DISTRIBUTION IN A
PATIENT WITH FIBROMYXOSARCOMA

Note the early rise and subsequent decline in sacral
radioactivity.

MOW--JDAYS

TIME AFRINJECTION Of Fe

FIG. 4. SPLENIC CONCENTRATIONOF Fen IN A PATIENT
WITH AN ELEVATED HEMOLYTIC INDEX

Note also the absence of sacral uptake of Fe".

PLASMAIRON
TURNOVER

4.000 k
3.200 p

MG IRON /HR.
/LITER R.B.C. 2.400
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COUNTS/MIN.

24,000

2q000

16,000

12,000

e000
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60 REDCELL
UTILIZATION
Of INJECTED

40 FeS9
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0 2 4 1 2 3 4 5 6
SPurs i DAYS

TIrm AFTER INJECTION OF Fen

FIG. S. HEPATIC POOLINGOF Fe IN A PATINT WITH

BONEMARROWREPLACEMENTBY LYMPHOSARCOMA
Note also the absence of sacral concentration of Fe".

in the liver (Figure 5). Lastly, patient No. 29
with wide-spread lumbosacral bone metastases,
demonstrated a failure of sacral uptake unassoci-
ated with any increase in liver or spleen Fe5' up-
take (Figure 6). Despite the absence of sacral
concentration of Fe59, this patient had normal red
cell utilization of Fe59.

In patients No. 20 with a fibromyxosarcoma in
the right scapular region, and No. 15 with can-

cer of the left breast, external monitoring revealed
no appreciable concentration of the injected Fe59
in the tumor areas. In patient No. 10 with
bronchogenic carcinoma, and patient No. 11 with
adenocarcinoma of the bronchus, Fe59 was in-
jected 24 hours before surgery. From the re-

sected tumor, 4 to 8-gm. aliquots of the entire
tumor were placed in test tubes and assayed for
radioactivity in a well counter. Blood concentra-
tion of Fe5' was negligible at this time. No ap-
preciable concentration of Fe5' was found in either
of these tumors.

4. Iron metabolism

(a) Serum iron concentration. The serum iron
concentration ranged from 30.0 to 165.0 'y per 100
cc. with a median of 65.0 y per 100 cc. in 33 pa-
tients, as compared with the normal range of 70
to 155 -y per 100 cc. Depressed serum iron levels
were found in 17 patients. The incidence and
the degree of depression could not be correlated
with the presence or extent of metastatic tumor.
Thus, 11 of the 16 patients with normal serum iron
levels had widespread disease, as compared with
12 of 17 patients with widespread disease who had

COUNTS/MI.

98,000
1,000

2,000 .

9,000 ,,

6,000 _,

3 i0

Atiw 29c

0 3 6 1 2 3

TME AFTERINJECTION OFFs

60 EDCELL
UTILIZATION

OF INJECTED

40 F s

20

FIG. 6. ABSENCEOF SACRAL CONCENTRATIONSOF Fe'
IN A PATIENT WITH WIDESPREADLUMBOSACRALBONE
METASTASES

depressed serum iron values. However, when
measurements were repeated during the course

of tumor spread, a progressive fall in serum iron
concentration could usually be demonstrated.
This phenomenon is well illustrated in case No. 12,
who, when first studied, was asymptomatic and
had a normal serum iron. Seventy-three days
later, following widespread dissemination of the
disease process, the patient's serum iron had de-
creased to 34.6 y per 100 cc. (Figure 7). Six
other patients demonstrated similar lowering of
serum iron levels with progression of their dis-
ease. Contrariwise, with improvement in the clin-
ical state of the patient, serum iron levels tended
to rise towards normal (Figure 7). Thus, in pa-

tient No. 10 with bronchogenic carcinoma without
metastases, the serum iron. concentration was

35.0 y per 100 cc. at the time of the first study.
Eight months later, following complete surgical
removal of the carcinoma, the serum iron had risen
to a low normal level of 89.7 y per 100 cc.

PRO#ESSIONOFDISEASE THERAPEUTICREMISSION

DF I F- I

Ve

ao7

1.W I .1
0 6 12 15 0 6 12 15

MONTHSAFTER FlRST STUDY

FIG. 7. CHANGESIN SERUMIRON LEVELS ASSOCIATED
WITH CHANGESIN THE CLINICAL STATUS OF MALIGNANT
NEOPLASMSIN NINE PATIENTS
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TABLE III

The status of the iron stores in 10 cancer patients

Evidence of Storage iron
increased

Patient Serum iron red cell Bone
No. concentration Transfused destruction Liver Spleen marrow

3 Decreased No No Decreased Normal
4 Normal No Yes Normal Normal Increased
7 Decreased No Yes Decreased Increased Normal

20 Decreased Yes (4)* No Decreased Normal Normal
23 Decreased No Yes Increased Increased Normal
26 Normal Yes (2) Yes Decreased Absent Decreased
27 Decreased Yes (2) Yes Normal Increased
31 Normal Yes (2) Yes Normal Increased Increased
32 Decreased No Yes Normal Decreased Normal
34 Yes (2) Yes Decreased Increased Decreased

* Number of pints of transfused blood.

Anemia and hypoferremia were associated find-
ings in 10 of 33 patients (Table I). Anemia in
the presence of a normal serum iron concentration
was found in 7 patients, while hypoferremia with
out anemia occurred in 6 other patients. Ten pa-
tients displayed neither anemia nor hypoferremia.

5. Determination of storage iron

A semi-quantitative estimate of storage iron
was accomplished in 10 cases by examining post-
mortem sections of liver, spleen and bone marrow
stained for hemosiderin with Berlin blue. In 7 of
10 patients the iron stores appeared to be normal,
while in two others slightly increased amounts
were found (Table III). A decrease in the quan-
tity of storage iron was found in patient No. 22.
Despite the presence of normal amounts of storage
iron, the serum iron concentration was decreased
in 6 patients. Two of the 3 patients, who had de-

100
x~DA*dJ

0 20 40 60 80 100 120
DAYS AFTERTRANSFUTSI

FIG. 8. INCRESED DESTRUCTION OF NORMALTRANS-
FUSED RED CELLS IN SEVEN CANCERPATIENTS

creased mean corpuscular hemoglobin concentra-
tions (No. 23 and 32), had normal or increased
amounts of storage iron. The one patient with
the decreased amount of storage iron had a low
normal serum iron level.

6. Fecal urobilinogen studies

The hemolytic index was elevated in 6 of 13
patients (Table I). In five of these 6 patients,
additional evidence for increased red cell destruc-
tion was secured from measurements of red cell
survival and Fe59 studies.

7. Red cell-survival studies

Increased red cell destruction was found in 5
patients, the life span of transfused erythrocytes
ranging from 25 to 80 days, in contrast to the

I I VOrsoCQ0Ef I5 ,
N

' ' '

3 6 9 12 15 18 -30 40 50 60
HOSPITAL DAYS

FIG. 9. HEMATOLOGICAL, RADIOIRON, AND RED CELL
SURVIVAL STUDIES ON A PATIENT WTHDISSEMINATED
CARCINOMAOF THE PROSTATE

See text for explanation.
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HOSALOM

FIG. 10. HEMATOLOGICAL, RADIORON, AND RED CELL
SURVIVAL STUDIES ON A PATIENT WITH WIDESPREAD
CARCINOMA

See text for explanation.

normal 120-day survival period (Figure 8). Pa-
tients No. 1 and 21 destroyed donor cells rapidly
during the initial phase of the study, the rate of
hemolysis subsequently returning to normal. As
shown in Figure 9, during the first 18 days fol-
lowing transfusion, patient No. 1 eliminated the
donor cells at a rate of 2.8 per cent per day, the
daily loss thereafter being reduced to 0.85 per
cent. Patient No. 21 showed a daily loss of donor
cells of 5.6 per cent per day for the first 10 days,
and a normal red cell survival subsequently (Fig-
ure 10). Red cells survived normally in 5 pa-
tients (No. 24, 29, 35, 36, and 38), 4 of whomhad
metastases and anemia. Patient No. 38, in the
face of severe anemia and disseminated cancer,

80
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SURV 60
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S\. * °--@ ~bhUfkeOmlmeCWJ
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FIG. 11. THE SURVIVAL OF NoRMALDONORRED CELLS
AND THE RED CELLS OF TWOPATIENTS WrrH DISSEMI-
NATEDCARCINOMA

The above data indicate that the survival of normal
transfused red cells measured by the red cell differential
agglutination technique, and the patient's red cells meas-

ured by the Cr' technique, were both normal.

exhibited a normal red cell survival during the
terminal month of his illness. Patient No. 29 was
studied on two occasions, 11 months apart, during
which time hemoglobin levels were stable despite
the progression of the carcinoma. Both studies
were normal. The survival of normal donor cells,
based on Ashby counts and the patient's own
erythrocytes labelled with Cr1, were measured in
patients No. 29 and 35. The results were normal
in each instance (Figure 11).

8. Serial observation during the advance of cancer

(a) Patient No. 12 had had a radical mastec-
tomy for cancer of the breast three years prior to
this study. A solitary metastasis to the left orbit,
first discovered eight months previously, was the
only evidence of dissemination of the cancer. At
the time of the first Fe59 study, the patient was
asymptomatic, with normal serum iron and hemo-
globin levels, normal Ti of Fe59 and normal rates
of red cell production and destruction (Figure
12). Studies were repeated seventy-three days
later when there was obvious dissemination of the
cancer to lungs, liver and femur. Anemia had de-
veloped, the concentration of serum iron had de-

FIG. 12. THEEFFECTOF RAPID ANDSLOWDISSEMINA-
TION OF METASTATIC CANCERON HEMOGLOBINLEVELS,
IRON METABOLISM AND RED CELL SURVIVAL IN TWO
DIFFERENT PATIENTS

Patient No. 12 First study (I) Disease quiescent;
Second Study (II) 73 days later after rapid dissemina-
tion of carcinoma.

Patient No. 29 First study (I) Widespread bone meta-
stases present; Subsequent study (II) 4 months later,
no clinical change; Final study (III) 11 months later
after the appearance of new bone metastases.
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clined and the Ti of Fe59 had become rapid. The
red cell iron turnover was discovered to be in-
creased, but the red cell renewal rate had not
changed. A survival study demonstrated in-
creased red cell destruction, the estimated life span
of normal donor cells averaging between 75 and 80
days (Figure 12). The patient died 48 days after
the transfusion study had started.

(b) Patient No. 29, had had a radical mastec-
tomy in 1948 for a cancer of the breast. The pa-
tient was studied three years later when meta-
stases were widespread. The first study revealed
anemia, a slight reduction of serum iron, a moder-
ately short Ti of Fe59, normal red cell production
and a questionable increase in red cell destruction
(JFigure 12). Four months later, her clinical
status having remained stationary, the patient was
re-studied. A moderate decline in hemoglobin
and serum iron levels and a reduction of Ti of
Fe59 were discovered. A survival study demon-
strated normal life span of the transfused red cells.
Eleven months later, new skin and bone metastases
were present. The- serum iron showed further
depression, and shortening of the Ti was more
pronounced, whereas the survival of donor and
patient's cells remained normal.

(c) Patient No. 21, a 62-year-old male, was
found to have carcinoma of the prostate with wide-
spread bone metastases and was started on estro-
gen treatment. On treatment the patient's bone
pain practically disappeared, although the x-ray
findings remained unchanged. During the first 4
weeks in the hospital, in the absence of blood loss,
a progressive decrease in hematocrit and hemo-
globin levels was noted (Figure 10). Radioiron
studies were performed 4j weeks after admission
at which time hemoglobin levels had stabilized at
8.5 gm. per cent. These studies revealed a low
normal serum iron concentration and increased
rates of red cell production and destruction (Fig-
ure 10). A red cell survival study, which was
begun at a time when the hemoglobin and hemato-
crit levels were slowly rising, revealed increased
red cell destruction during the first 10 days, but
thereafter the remaining transfused cells survived
normally. Eight months later, the disease having
been relatively static, the serum iron was depressed
and the Ti of Fe59 shorter. Red cell production
was now slightly reduced but red cell destruction,
previously rapid, was normal.

DISCUSSION

Anemia, not attributable to blood loss or infec-
tion, was present in approximately 60 per cent of
the cancer patients in this study. The general
incidence of this type of anemia is unknown since
earlier statistical data have not excluded blood
loss or infection as a cause. As our patients were
not consecutive hospital cancer admissions, the
incidence cannot be computed from our findings.
In this study, in contrast to other reports (24),
patients with anemia have usually shown absolute
decreases in red cell mass. Morphologic obser-
vations on the bone marrow usually revealed nor-
mal to increased cellularity, despite the presence
of marrow metastases and anemia. This is similar
to the observations of other investigators who have
found no correlation between the presence of
anemia, the cellularity of the bone marrow, or the
extent of bone marrow metastases (1-3).

Evidence pointing to increased red cell destruc-
tion as one of the mechanisms responsible for this
anemia has been secured from fecal urobilinogen,
red cell survival and Fe59 studies. In 2 patients
with evidence of increased hemolysis from radio-
iron data, the hemolytic index calculated from the
fecal urobilinogen excretion was normal. The
relative insensitivity of fecal urobilinogen analysis
in demonstrating minor increases in daily red cell
destruction as measured by the red cell survival
techniques has also been noted by Ross, Crockett,
and Emerson (7) in their studies in leukemia
patients.

In 5 of 13 studies involving the transfusion of
normal red cells into cancer patients the survival
of these cells was shortened, their life span rang-
ing from 25 to 80 days, confirming previous ob-
servations (4-6). The hemolytic rate returned to
normal in 2 patients, both of whomhad widespread
metastatic disease and anemia. The cortisone or
estrogen treatment may have been responsible for
this improvement.

Further evidence for increased red cell destruc-
tion was secured from the definite increase in red
cell renewal rates in two-thirds of the patients
studied. Patients with very low serum iron levels
and rapid Ti's of Fe59, who show slight increases
in red cell renewal rates, do not necessarily have
increased rates of red cell destruction as exempli-
fied by patient No. 29. The apparent increase in
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red cell renewal rate in such cases is probably ex-

plained by a technical error in the Fe59 technique.
Possible sources of error include difficulty in the
following: (a) measuring the T' accurately when
it is brief; (b) variation in results obtained by the
Kitzes, Elvehjem, and Schuette (21) method of
determining serum iron, the error approaching 10
per cent for levels between 30 and 70 y per 100 cc.

of serum, levels which are typical of cases with
rapid T4's. The T4 and the serum iron concen-

tration are two of the chief parameters in the
calculation of red cell renewal rates, and errors

in the estimation of either may be responsible for
the discrepant finding of a rapid red cell renewal
rate in patients without other evidence of increased
red cell destruction. Even if this small group of
patients were eliminated from consideration, more

than half of the patients studied demonstrated evi-
dence of increased red cell destruction.

The mechanism of increased hemolysis in cancer

patients is unknown. Coombs tests failed to dem-
onstrate any antibody mechanism which might
have played a role in the increased red cell destruc-
tion, our experience in this regard paralleling
that of Hyman (6). Weil (25) and Gross (26,
27) reported that extracts of tumor tissue hemo-
lyzed red cells in vitro. Whether or not an analo-
gous situation exists in vivo causing injury to cir-
culating red cells and chronic hemolytic anemia
is another possibility to be explored. Large doses
of x-ray and radium used in the treatment of can-

cer of the cervix have been reported to increase
the rate of red cell destruction (5). In as much
as some of our patients with increased red cell
destruction had received irradiation therapy prior
to study, a causal relationship of this type cannot
be excluded.

Hypoferremia was a frequent but not invariable
finding in cancer patients, as others have re-

ported (8-10, 28), the depression of plasma iron
concentration tending to parallel in degree the ex-

tent of growth and the metastatic spread of the
neoplasm. The fact that the serum iron concen-

tration rose in patient No. 10 following surgical
removal of tumor tissue is evidence that the tumor
itself was in some way responsible for the hypo-
ferremia.

The finding of normal or increased amounts of
hemosiderin iron in sections of liver, spleen, and
bone marrow tends to exclude iron deficiency as

the cause of hypoferremia and anemia in our pa-
tients. Sandberg, Gross and Holly (29, 30) re-
ported normal to increased amounts of iron in the
liver and spleen of patients dying with dissemi-
nated carcinoma and anemia, the amount often
appearing to be excessive in proportion to the de-
gree of anemia. Our findings partially confirm
these observations, although the quantity of iron
found in our cases was less. Since the organs
analyzed by Sandberg, Gross and Holly contained
indeterminate amounts of hemoglobin iron, their
large values might be explained in part on that
basis.

The depression of serum iron levels in the pres-
ence of normal or slightly increased storage iron
in cancer has its analogy in acute and chronic in-
fections (31, 32) but the mechanism responsible
for the phenomenon is not understood. Depletion
of serum iron as a result of its extraction by neo-
plasms with an increased avidity for that ele-
ment is unlikely in view of the fact that accumula-
tion of Fe59 in tumor tissue has not been demon-
strable in any of the cases we have investigated
from this standpoint (Cases No. 10, 11, 15 and
20). Moreover, chemical analyses of various
malignant tumors described in the literature (30,
33, 34) have demonstrated that the concentration
of iron in such tissues is low. There is evidence
to incriminate the reticulo-endothelial system in
the genesis of the hypoferremia found in experi-
mentally produced acute inflammation in the dog
(35, 36). Whether a similar mechanism is op-
erative in the chronic cancer patient is uncertain.

The T1 of injected Fe59 was abnormally short
in two-thirds of the patients studied. A fair cor-
relation existed between serum iron levels and the
Ti, with a prolonged T-1 associated with an in-
creased seruLm iron, and a short Tj with a de-
creased serum iron. That this is not uniform is
seen in conditions like pernicious anemia, hemo-
lytic anemias, and infectious hepatitis (37, 38)
where normal to elevated serum iron values may
coexist with short TI's. Contrary to the obser-
vations of Wasserman, Rashkoff, Leavitt, Mayer,
and Port (37), short Ti's do not always signify
increased rates of erythropoiesis. It would ap-
pear that the disappearance rate of injected Fe59
is predominantly affected by two factors: the level
of serum iron, and the rate of erythropoiesis. A
major change in either or both factors alters the
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Tj. Thus, depression of the serum iron from
either iron deficiency, cancer, or infection is as-

sociated with a short T' (37), whereas with ele-
vation of the serum iron, as in hemochromatosis, a

long Tj is found (39). When erythropoiesis is
increased, as in polycythemia vera or hemolytic
anemia, a short Ti is to be expected (23, 37) ; con-

versely, in the hypoplastic anemias the T- is pro-

longed (23, 37).
External monitoring revealed normal patterns

of Fe59 distribution in 5 patients, 2 of whom were

anemic. Three other anemic patients exhibited
abnormal localization sites of the inj ected Fe59.
One of these, with extensive metastases involving
the lumbosacral spine, failed to concentrate the
Fe59 in the sacral marrow despite normal red cell
utilization of the radioiron. Bone marrow sites
uninvolved with tumor must have accounted for
the normal utilization of Fe59. Thus, impaired
utilization of Fe59 by the total bone marrow can-

not be assumed from the absence of sacral concen-

tration of Fe59 in patients with metastatic neo-

plasms. Another patient with signs of increased
red cell destruction promptly proceeded to con-

centrate Fe59 in the spleen to a striking degree,
the sacral concentration characteristic of normal
subjects failing to appear. The spleen in this pa-

tient may have served as an erythroblastic organ,

which could explain the early Fe59 uptake. The
high spleen concentration of Fe59 for the first
nine days may reflect erythroclastic activity, i.e.,
destruction of newly formed red cells labelled with
Fe59. Combination erythroblastic-erythroclastic
spleens have been described by Elmlinger, Huff,
Tobias, and Lawrence (40) in myelofibrosis and
cirrhosis with superimposed hemolytic anemia.
In a third patient with diffuse marrow replace-
ment by lymphosarcoma and marked depression
of erythropoiesis the sacrum bone marrow failed
to concentrate Fe59, whereas a progressive and
sustained pooling of the isotope occurred in the
liver. Presumably this represents the storage of
Fe59 that is not to be used for hemoglobin pro-

duction by the tumor-ridden marrow and re-

sembles the pattern described by Elmlinger, Huff,
Tobias, and Lawrence (40) in patients with re-

fractory anemia and decreased erythropoiesis.
It would appear that anemia in cancer may be

caused by different pathophysiological mecha-
nisms. For example, increased red cell destruc-

tion, associated with normal or increased rates of
red cell production, is commonly found in these
cases. The concept of bone marrow depression
due to "replacement" by cancer cells or "toxic"
depression by a tumor metabolite is not sub-
stantiated by this study. Although red cell pro-
duction may be increased 2 to 4 fold, it may not
keep pace with the increased red cell destruction,
the hemoglobin concentration declining to the level
at which production and destruction rates are
matched. A characteristic abnormality of the pa-
tient with cancer is failure to compensate fully
for an increased rate of red cell destruction,
whether the latter is mild or severe. Thus, the 6
to 8 fold increase in erythropoietic activity dis-
played by a normal bone marrow after acute
hemorrhage, or by the bone marrow of a patient
with hereditary spherocytosis (41) in response to
anemia, is not seen in cancer. In spite of morpho-
logical and physiological evidence of hyperactive
erythropoietic activity, the marrow of the cancer
patient actually shows "functional inadequacy" in
the face of demand. That this apparent failure
may not be absolute is suggested by the reticulo-
cyte response and the rise in hemoglobin in some
anemic cancer patients treated with cobalt (1).
Moreover, a few of these patients are capable of
compensating for increased hemolysis without
anemia developing. This state of hemolysis in
cancer has also been described by Sheets, Hamil-
ton, DeGowin, and Janney (5).

As had been assumed in the past the anemia
associated with cancer can result primarily from
a decrease in red cell production. This situation
is most apt to arise in patients with widespread
metastases but can occur without gross evidence
of marrow involvement. However, the concept
of bone marrow replacement as a common cause
of anemia is untenable even when decreased red
cell production can be demonstrated. It is pos-
sible that inadequacy of marrow activity in cancer,
whether relative or absolute, merely reflects an
alteration in the homeostatic mechanism which de-
termines the level of hemoglobin concentration or
red cell mass in the tumor host.

SUMMARY

1. Evidence of increased red cell destruction
based on measurements of fecal urobilinogen ex-
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cretion was found in 6 of 13 patients with malig-
nant neoplasms. Increased red cell destruction
was also found in 7 of 12 patients by red cell sur-

vival studies.
2. The rate of red cell production, as measured

by radioiron and red cell survival studies, was

normal or increased in 29 patients in this series,
but usually failed to compensate for the increased
hemolysis with anemia resulting. Thus, a "func-
tional inadequacy" of erythropoiesis in the face of
a red cell deficit may be considered the funda-
mental mechanism of anemia in neoplastic disease.

3. Anemia was solely attributable to deficient
red cell production in 9 patients, 4 of whom were

totally or nearly free of marrow metastases.
4. Hypoferremia associated with normal quan-

tities of storage iron was a common finding in pa-
tients with cancer, the concentration of serum iron
becoming progressively lower with dissemination
of the tumor. Hypoferremia was usually, but not
invariably, accompanied by anemia.
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