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BLOOD-VOLUME MEASUREMENTS IN CANCER USING

THE Ce®! RED-BLOOD-CELL ‘VAGGING METHOD

W. A. Reicry, Mp, Wasoip 1. Heewic, vH.p., AND KENNEDH G. SCOTT, PH.D.

URING « selics Of tumorhost studies in
D rats and wnice, we howd that the animals

develuped anemia ielatively soon alter im-
plantation of the tumor. “Phis association be-
iween inaliguaud tumor and anemia has been

observed previously by a muuber of investiga-
tors, a3 cited by Ewing in 1940. Later studies
by Sandberg et al. seported the occurrence of
a sevele secondary anemia in n¢aplastic div
ae. Strong ail Francis have reported phat
stains of imice susceptible ig cumore had
lower hemoglobin levels ian nonsusceptible
inice.* They reported alse that the hemuglabin
level progrespively decreased with age in sus
cepuible mi g¥ In a report onthe iclauionahip
of tumor prowils aud hemoglobin level, Tay-
for and Pollack comchaded thar the decrease
Ht hemoglobin ts a direct, vather than a sec
obdary, cHeet of the waulignant Gamur.

Aseiies of blood volume measurements was
Mitiated On laaa-bearing tal in order ta
deternmne wheiber the observed ancmia was
the result al execssive red cell destrmetion of of
ak eexpansivn ab plisina valuime. Because of
the relatively senall redcell nas ob the rat,
determiiations were niule by the method of

Guay uid Sterling? + which atilizes Cast as
2ted blood ccll bag to aneasute the cincub iting
voc tiiss. AD a later date, when Cie) with
asaithacnily high specie activity to was rane
Woe i wwbecame aadlable commercially
(Abbou Laboratories), ineasaements on pit
tently WHSandans types of caameer were in-
Glided in the expanded progam, Che value
OE Ciity a hikeaad ia estimatiog the red:
Cell tnis aad whole blood volume tas been
feportedd by ws earlion®

fiom the Roelitsatope baad, Velen Admuusisty-
Won Hospital chow Miley), and the Depantinent af
Radiology, Univeasity of Calthamia School of Medicine,
Sate Fiatieiocss, (adda aia

Diits Wonk wars steppretecd dae posed Tey ot pean disomy
the Steusy, baie, vad fieae D Deenbou Fund ab the
Aciican Caner Society, tatitusnia Davies.
We aie nidebqed te Map. J No Castle, Mr. Chaules

Howe, wink Mie TL | fobosen fur thei: assbtance in
Gnnlaciiag the ctinacal adultes,

45) bee ad ane clicmiiin was made wtailable to

us hy Lr. Veeyls G.. Hlamaton, Oirecta of she Couches
lalatory, Univcaiy of Calor, Weikeley, Cali-
turin.

Reeve fia publiaation, August 19, 1955.

METHOD
1wef

Animal Studies, Blood-volume determina:
tions were made on twenty-two control and
on twenty-nine tumor-bearing Slonaker rats.
The tumor ued was 4 transmissible fibrosar-
coma that has been described.’ Subcutaneous
inugralis were wade by bilateral inoculation
of a suspension of tumor cells. Inoculation of
this particular unmor has produced a high

reeniage ol takew The resultant tumor
lave never been observed to regress but to
grow rapidly and overwhelm the host in a
period of trom three to four weeks.

‘The Cr®! used in these studies was produced
in the cyclouen by bombarding a vanadium —
target with protons to furcarrier-(ree radio-
chromium as a result of the p,u reaction. In
sOHe Casts, niOgrand quantities of sodium
chiomate carrier were added to ¢lfect a more
sulistactory tapping of che ved blood cells. The
uptake of Cr*) by red celly was found to be
less when canieriree Cre! was used. lt was
suspected that the minute quantities ol hemo-
globin present in the saline in which the cells
were sippcnded sequesicaed the small amount
ob anicrhee 1S) dns pking it unavailable
Jon dithusion inte the real tls.

At aliquot of the tagged cells was set aside |
asa pray standard. \ knowa volume of the -
tugged cells, WE to 0.2 cc, was then adminis-
tered to normal und cuinor-Learing Tats via
the extevial pupulas vein, which was exposed

by 4 small incision in ibe skin lying directly
over the clavicle. A imixing time of thirty |
minutes was allowed and a sample of cardiac -
blow, Lio 4c, was withdrawn. Each sample
was Counted on ad scintillation counter, using
@ thallimm-activated sodium iodide crysal in
conjunction with a $819 R.C.A. photomulti-
plier tube. Phe efficiency of the sciucitlat on
counter was such thac El to 14 per cent of the
Katina rays ciiitted by the Crt were regis-
tered as counts. The sainples were counted
fon iw sutheienc period of time to reduce any
Vaiiation awit to statistical fluctuation tw
percent,

“Vhe blood volume was calculated by cam.
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pucing the diluuon of the Cr°-tagged cells in
each sample of cardiac bluod. Determination
of the red-cell mass and approximate plasma
volume was made from hematocrits of the
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Taig 2

DEPOSITION GF 1 MG. OF Na,CrO, TAGGED
WITH Cr’ IN RATS EIGHTEEN DAYS AFTER

INTRAPERITONEAL ADMINISTRATION
Values Are the Averages of Three Rats. ‘Total Recov-

 

 

 

 

samples. ery 90.3 Per Cent Administered Dose. Data An

Additional studies were undertaken to de- Expressed as PerCentofwet per Organ and
termine the fate of Cr*! at one and sixteen — . -
days after the intramuscular injection of Tissue Zo inorgan % per gm.
carrier-free Cr#! (Table |) and at cighteen days Adrenals 0 007 _
after the intraperitoneal administration of Nonefemur, tibia, Bbula) 10 oo
} mg. of labeled sodium chromate (Table 2). Kidneys Lot 0152
The data obtained showed that Cr*! was not Gastrointestinal tract 2.26 0. 07
localized wo any appreciable extent in any of tary 23 Oo
tthe tissues examined but was slowly and con- Muscle _ 0.03

tinuously excreted in the urine and to same skin 1.45 0.03
extent in the feces. These results indicated  Bioog. i ON
that the administration of tracer doses of Cr® Balance 7.87 0.04
would not be hazardous to patients, since the 7i3,"h, %,urine J,feces
small amountof radiation received would not — — —
be localized in any tissue but would be shared Birat24 oe wl
by the whole body. \ 49-216 10.6 78
Human Studies. The yed-cell mass, plasma 216-432 3.6 2.3

volume, and whole-blood volume were de 7...) es 09.9

   
  

 termined in eighty-seven normal subjects (pro- . - .
viding eighty-seven tests) and 175 hospitalized
patients with various types of cancer (provid-
ing 218 tests). The presence of a cancer was
confirmed by one or more of the following:
unequivocal clinical and laboratory (including
roenigenographic) findings, surgical explora-
tion, biopsy, and autopsy. For purpoeca of
evaluation, the cases were divided by the same
criteria into cancers with extensive spread
(106 cases) and nonmetastatic cancers (twenty:

one cases), They were further subdivided ac-
cording to the location of the tumor as fol-
lows; forty-three pulmonary carcinomas, nine-
teen carcinomas of the colon, hiteen cases of |
leukemia,
disease.
To our knowledge the patients did not have

other conditions that might expand blood
volume, buc manyof them hag anehiis, weight
loss, and/or dehydration owihg to ehe cancer
that might have decreased blvod ‘voluine. A
nuinber of patients had’ layge mahguant uu
mors with widespread metastases.
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DEPOSITION OF CARRIER-FREE Na,Cr“0, IN
THE RAT ONE AND SIXTEEN DAYS AFTER
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{ yh INTRAMUSCULAR INJECTION Thyging of Hed Cell. Human ied cells were

, i / . " Values AreExpressed8 WeWegheTheueePed tagged bt ufephosl sunilar to that used in the
cig : — tests on fads. Beparinized bleod (B to 10 ¢c)

| 4 h pas f Ons ey? Shien dove” was seeded with known amounts ol sodium
4 fl Theue % in organ % pera Kin van Horem  htomate and shaken on a mechanical agitator

A i! { ‘ Heart Sas 8.27 B08 ot tor atleast forty-five usimates. Phe plasma was
{ i ia Spleen oa 9.48 Be 94% withdrawn and the cell ins washed twhe
Me: we rd 9.70 B.o | fe | 9.0¢ with normal saline to remove whe Wapped
lp at « idldaey is Om 1 #7 068) plasma, The volume was reconstructed with
Bet M Thecokd Seb 3.08 =. normal saline; a staal aliquot was taken to
i Poche } prmoa¢ old7 “ah oil ox determine the number of Cr! counts to be
ct eal \l Brain eld an Oe8 ang tnjected and the remainder given to the pa
Ub eh at eg. i Smalliotovting 0-68 oa 8% tient intravenously. Earlier studies had shown
ae ae 4) ‘ Muacie 7.36 8.06 438 B08 that one hour allowed adequate time for com-

aki t. ee Gon O34 033 / 0.36 o13 plete mixing of the tagged cells. At the end
eens ; Feces iu = 4 = of this period another heparinized sample of
t7 ae , Veale at. a9 blood (5 to 10 cc.) was withdrawn, A measured
ARSE Uei Tavernge veluee ol Uhren rete. “=- volume of the sample was assayed for its Cr*
+
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and thirteen cases of Hodgkin’ qi

 
 

No. 2

tagged red cells with a scinuillation crystal
counter. The blood volume was computed as
follows:

total counts/aec injected==. apparent

counte/sec./cc., tinal blood sample ~ bluod volume.

Hematocrita were made in order to calculate
the relative plasma volumes aud the red-cell
mass from the whole-blood volume.

All data are expressed as the mean tor any
strics Of Observations + the atandard evsor.

The mean + the standard error wae calculated

by Vie). ‘Whe signilicance of any differ-
ence between twa groups was calculated by
finding the variance (v) between groups:

y = Zdev.# (forgroup1) + Yew? (for group 2).

(a) + (ns — 2)

The sandard e:rer of difterencé = Jeg.

The value for Fisher's « = CED .
1

The probability: gf any dilterence between
groups was obtdifed by using a standard
table for ¢.

Resucts

Animal Studies. The average body weight,
blood volume, and packed-cell volume of the
tumor-bearing vais and their controly are
Presented in Table 3. ‘he average whole-
blood voluine of the twenty-nine tumor-bear-
ing rats averaped 7.1 + 0.25 per cet of the
body weight. “Vhis was signihcamtly greater
than that of the controls, which averaged 5.37
+ 0.18 per cent of the body weight. The in-
creased blood volume of the tumor-bearing
fats resulted primarily (row an expansion of
the plasma volume (2 — O40). “Phe red-cell
Mass Was incicascd sliptily.
Human Studies. In the majority of patients

with cancer, the whole-blood volume was not
significantly diflercnt haom qormal (Vable 4),
67.62 + O.BL vs. 65.5 4 0.70 ce. per Kg. (Poss
0.1). No siguiheuat iesease was noted in the
gloup with extensive metituscs im the pa-
Hens with nonmetastatic came, however, the
whole-bloud volumes were sigiubcamily lower
than normal (P= 0.01), All cases of cancer,
including those categorized as being extensive,
showed a significance redaction of red-cell mass,
aowell as an cxpansion of plasma volume
(P= <0.01). The plasma volumes in the group
With Nonmetastatic cancers were not signiG-
Gently increased (P = 0.3).
Analysis of the data in the groupsclassified

according to the type or location of the pre-
inant tumor showed normal blood vol-

Ce® ton BLoup-VOLUME MEASUREMENT 275

uines in the patients with pulmonary cancer
and Hodgkin's disease, whereas significantly
greater than norma) blood volumes were
found in the patients with leukemia, carci-
noma of the stomach and esophagus, and
carcinoma of the colon (P = 0.02, <0.01, and
<0.01 respectively).

In all of the various categories of cancer
shown in Table 4, the red-cell masses were
lower than normal and the plasma volumes
greater than normal to a significant degree,
except in the group with carcinoma of the
colon. In these patient, the red-cell mags was
enentially normal.

Hematocrits in all patients with cancer, in-
cluding those patients with leukemia and
Hodgkin's disease, were lower than normal.

af

Reilly, Helwig & Scott

Discussion

Results of the present gtudy showed that,
whereas the whole-blood volume was not ex-
panded in the presence of a malignant tumor
in man, the plasma volume was significantly
increased. Conversely, greater than normal
volumes were found in tumor-bearing rats.
The average red-cell mass of all cancer patients
was significantly lower than that of normal
subjects, 25.88 cc. per Kg. and 29.6 cc. per Kg.
respectively. A similar decrease was not ob-
served in the experimental rats; however, the
rapid growth of the transmissible amor used
for implantation may have occurred in too
shore a period to interfere appreciably with
hematopoiesis or have much influence on the
existing red cells in the blocd tsueain.
A comparison of the blood volumes of all

of the cancer patients with the controls showed
that the reduction in red-ccll mass was bal-
anced by an expansion of the plasma volume
and resulted in whole-blood volumes that
were approximately normal. These results

‘Vante 3

COMPARISON OF THE BLOOD VOLUMES OF
CONTKOL AND TUMOR-BEARING RATS US-
ING THE Cr RED-CELL-TAGGING METHOD*
 

 

Blood vol., Av. body
Rats % body wt. Hematocrit wt, gm,

Tumor-bearing .
29) 7.100.25 35.9 0.81 207,0
ange §$.4-9.5 22.0-46.

Contr
(22) 5 4«0 18 48.1= 0.97 176.0
Range 4.4-7.7 43.0-55.
 

“Size of tumors ranged from @ to 35 gm.

Averages given = mean standard estos Jha
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OMPARISON OF DATA ON THE BLOOD VOLUME OF NORMAL SUBJECTS

“ND PATIENTS WITH CANCER, USING Cr AS A RED-BLOOD-CELL TAG

Values Presented ‘Are Means #@ Standard Error ;

No. af Red-cell Plasma Whuole-Lloud

Diagnostic categories teats Hematocrit mass volunse volume

Neralcats) a7 45.10 20.38 29.6 20.26 35.90.47 05.5=0.70

Au Concert

Totnontbertoutg aij 4.25 40.45 2§.88=0 47 41.60.70 67.6 20.82

P value* <0 Oi <0.01 : <i 01

Extensive { 1960 38.0680.49

=

28. b1=0.$u 42 250o9 68 Oeu96
P value .

i . . 35. wont‘a 37.3@1) 33 63.081 YINonmetastacic . al 40.55 %5.11 yOOl 040 of

é seinomeofng a3 39.02 =0.85 as.See93 41.Joh 25 07 Ow &4

Hedgule's disease 1900 33.1963.21 24. soat-8 44.101 97 68.743 12
P value ns <0 O01 u 26

Leukemia is 28.4%3.29 23. ser38 50.403,! 74 oie!

P value . .
40,77 =§.27 fer"Ns 46.602 19 72 623.41Carcinome of stomach ond eonpingut 13 T7m§ 26. Ohi <i. coun

colon 05 » 1.56 28.26 =1 62 4l.de=l 76 OY 4422.74

caren a ’ ' wo 0.20 <0.01 <0 Ul
 

*P value represents statistical cpesparisan with corresponding normal value.

confirm those reported earlier by Kelly et al.,
who used T1824tagged plasma and |)*!-
labeled albumin in similar atudies.

SUMMARY

To determine whether anemia observed in
cancer results from excessive red-blood-cell
destruction or from an expansion of plasina
volume, the whole-blood volume and hemato-
crit were wieasured in tumor-bearing rats and
in patients with various types of cancer,
The whole-blood volume of twenty-nine
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BILATERAL ADRENALECTOMY FOR ADVANCED BREAST

CANCER

A Report of Eleven Cases _

Waarnea F. Baweks, COLONEL, M.c., THeopore H, NicHo1.as, MAJON, M.c,* AND JOHN }:
Kovanic, CAPTAIN, Ma.

He PRRSENT clinical investipation at Brooke
Army Hospital was originally stipulated

by the work on bilateral adrenalectomy in
advanced carcinoma ot the breast perlormed
by Huggins in Chicago and at Memorial Cen-
ter for Cancer and Allied Diseases jin New, ,
York City. Previous efforts to palliate this
tlivease have led to the recoguitian of the in.
Huence of hormones an the prowth of mam-
mary camer, and the elfitct of castration and
acdhninistration ot cnc and androgens

hav previously been fowud to be benetiial.
The similarity of adrenal hormones to those
of the gonads has led investiguturs to pustu-
late that the Might also intiueme these par-
ticular neoplasins. lt was belicved that removal

-pl thee hormones with resultant ableraon
ul ahe physiological cuvironment ol the lunar

nigh bawe Cinical remission. “Whe lack of
. atelylate Yeplacemene therapy lor the lile-
supporting acdbenal glauds, however, prevented
the use ol bilateral adbenalectomy until the
development of contione. bia about MSE Hag:
Kis tast employed! bilateral adienalectomy i
hiviudvanced caminama ol the breat and
prostate, as dll a proup ta Memorial Center,-
Prior to the begining of aur investigation,
each group had reported a small series of
tases indicia Het Wigst parents achieved
wibjective benehits lor weeks to months, while
Wout 50 per cent al patients abo denon:

ated obyccuveprovement, as mantlested
hy shirinkape of tumiar tuitoses, new bone for-
nition in osteolytic lesions, deciewe in pleural
clusion, and gains in weight and) strength.

‘The same investigators also sied the opera-
Wun in other cancers but townd no evidence
al benefit.
The clinical experience at Brooke Army

Hospital trom January §, 154, through July
1, 1955, is limited to eleven patients, all of

From the Departinent of Suagery, Brooke Army Hos-
tal, Fort dant Hotton, Penas.

4

whom had advanced mammary cances, with
clinical and laboratory evidence of distany
IneLggenses, *

; METHOD '

The adrenal glands were removed in al]
patients though the posterolateral approach,
through the bed of the twelfth rib oa either
side, both glands being renioved at the same
uperative procedure. In all instances, there
had been previous surgical or roentgen-ray
castratian, The present replacement therapy
fur the adrenal glands is as follows: one day
pleapératively, 50 ing. cortisane inuramuscu-
larly every four hours, operative day, 60 mg,
coltpone intramuscularly every four hours
and 100 ing. orally at 6:00 a.n; first postuper-
alive day, 50 mg. cortisone intramuscularly
every 61x hours; second and third postoperative
days, cortivone 50 mp. intramuscularly every
twelve hows; Jowth, hich, and sixth pose
operative days, 25 mg. cortisone orally every
eight hours; seventh postoperative day, and
thereafter, 25 mg. cortisone orally every twelve
hours. The maintenance dose of oral tyrtisone
is 50 mp. a day in two divided doses.

kn the early pare of our investigation, it
wis our custam to administer intramuscular
deoxycorticasterune acetate (bOcA) prior to

und on the day of surgery, along with sodium
chloride; however, these procedures have been
lound to be unnecessary and have contributed
to the accumulation of excessive body Huid
insnifested by ascites and peripheral edema.
We till advocate the use of boca and intra-
venous sodium chluride in the operative or
postoperative coune in patients having diffi.
culty with maintenance of bloud pressure;
however, in properly prepared patients, we
have had no diffiulty to date in supporting
the blood pressure. Other drugs that have
Leen recommended are nor-epinephrine, ad-
renccortical extract, and intravenous hydro.
cortisone. All eleven patients in this eries
tolerated the adrenal surgery well and their
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