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BLOOD-VOLUME MEASUREMENTS IN CANCER USING
THE Cr* RED-BLOOD-CELL TAGGING METHOD

W. A Rewwy, Moo, Hakorn L. HELWIG, pH.b., AND KENNETH G. SCOTT, PH.D.

URING @t series ol tumor-host studies in
D rats and ntice, we noted that the animals
developed anemia rclatively soon alier in-
plantation ol the wmor. This association be-
tween malignaut twmors and anemia has been
observed previously by a umuber of investiga-
tors, as cited by Ewing in 14HO. Later studies
by Sandbery et al. teported the oceurrence of
a severe secombiny anemia in neoplastic dis-
ease. Stong amd Franciy have reported that
wiaing of wice susceptible 10 wsmors had
lower hemoglobin fevels tan nonswscepible
mice.® They reported also that the hemoglobin
level plugl{ sively decreased with age in sus
ceptible wikd® 1n a veport on the 1clationship
ol tumor growth and hewmoglobin levels, Tay-
for and Pollack condluded that the decrease
;il! hemuglobin is a divect, vather than a e
oidary, cilect ol the malignant wmor,

Aseries of bload-voluime weasurements was
mitated on Lo -bearing vats in order to
deterimine whethier the observed ancimia was
the resubt ol exvessive red-cell destruction or of
an expansion ol plawa volune, Because of
the aclatively sinall ved-cell miass of 1he rat,
determiinations were wade by the inethod ol
Goray ek Sterbingg2 4 which utilives %Y as
ated blood coll tag 1o ameasute the cnoad ing
el mass, A1 g Laer date, when 8% with
wosuthaiendly high specibe activity 10 wairan
i3 e inman became available commerdially
(Abbott Lahoratories), incasiienients on i
uchts with varions types ol cancer were in
duded inthie expanded program, Uhe value
ol Gi% iy chinical i estimating the red-
cell sy i whole bload volume has been
teported by us canlies ®

Foone e Racdsasotope Vo, Veterans Adwmisistra:
Hou Huspital (ki Mibcy), and the Dopaianent of
Radiology, Hniversity of Calibornia School ot Medicine,
M Franenen, Caliluiinia

Lhis wath was suppotted e pand by @ gramt o
he lewy, ag, .nn‘ teae B Detnbiam Fund ot the
Awctican Caner Socrety, Caliburnia Division,

Woe we andebied 1 M. | N Castle, Mr. Chatlea
Lowie and Mise 18 |2 Joboson B ihein assistanie in
umducting the il stulies,

LR TTUCY | was made wvailable o

us by Dr. Jose ihon, e ot the Cruckher

Lalwnatiny, lllht‘llxlly ob Calidonia, Beikeley, Cali-
LJTTEN

Recetved b puablication, August 19, 1955,

MEeTHOD

Animal Studies. Blood-volume determina-
tions were made on twenty-two control and
on twenty-nine tumor-bearing Slonaker rats,

_The waor used was a transmisible fibrosar-

coma that has been described.” Subcutaneous
iaogralts were made by bilateral inoculation
of & suspension of tumor cells. Inaculation of
this particular winor has produced™ high
rcrccmage ol takes. The resultant umots
have never been observed o regress but to
grow vapidly and overwhelm the host in a
period of trom three to fow weeks.

The Cr®! used in these studies was praduced
in the cyclotron by bombarding a vanadium -
target with protons 10 torm carrier-free radio-
chromium as a result of the pu reaction. In
solle Cases, micogram quantities of sodium
cmomate carier were added 1o ¢lfect a more
sutistuciony tagging ot the ved blood cells. The
uptuke of (1% by red cells was lound 1o be
less when canier-free Crét was used. 1t was
sipspected that the minute quantities ol hemo-
globin present in the saline in which the cells
were sispeidad sequesicred the small amount
ol carticr-hiee G, dhos paking it unavailable
Lor dittusion int the n*ll}c elly.

An aliquot ol the tagged cells was sct aside
as i printay standard. A knowa voluine of the .
tagged cells, 0.1 10 0.2 ¢¢., was then adminis.
teved 10 novimal wnd wunor-Learing rats via
the exteinal jugular vein, which was exposed
by a sl incision in the skin lying divectly
over the clavicle. A mixing time of thiry |
minutes was allowed and a sample of cardiac
bload, | 1o 4 cc,, was withdrawn. Each sample
was coated on ascintillation counter, using
a thallins-acuivated sodivm jodide crystal in
tonjundtion with a 5819 R.C.A. photomulti-
plie tbe. The cfliciency af the wintillat n
counter was such that Bl to 14 per cent of the
ganuna tays emitted by the Crd were regis-
tered as comns. The samples were counted
for a sullicient peviad of time to reduce any
variaion owitlg o statistical fluctuation o
* 3 percent.

The bload volume was calculated by cam-
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puting the dilution of the Crb-tagged cells in
each sample of cardiac blood. Determination
of the red-cell mass and approximate plasma
volume was made from hematocrits of the
samples.

Additional studies were undertaken to de-
termine the fate of Cr** at one and sixteen
days after the intramuscular injection of
carrier-free Cr# (Table 1) and at eighteen days
after the intraperitoncal administration of
1 mg. of labeled sadium chromaie (Table 2).
The data obtained thowed that Cr%! was not
localized 10 any appreciable extent in any of
the tisues examined but was slowly and con-
tinuously excreted in the urine and to some
extent in the feces. These results indicated
that the administration of tracer doses of Cr*
would not be hazardous to patients, since the
small amount of radiatian received would not
be localized in any tissue but would be shared
by the whole body. |

Human Studies. The red-cell mass, plasma
volume, and whole-blood volume were de-
sermined in eighty-seven pormal subjects (pro-
viding eighty-seven tests) and 175 hospitalized
patients with various types of cancer (provid-
ing 218 wests). The presence of a cancer was
confirmed by one or more of the following:
unequivocal clinjcal and laboratory (including
roenigenographic) fndings, surgical explota-
tion, biopsy, and autopsy. For purposes of
evaluation, the cases were divided by the same
criteria into cancers with extensive spread
(196 cases) and nonmetastatic cancers (twenty-

TanLx |

DEPOSITION OF CARRIER-FREE Na,CrQ, IN
THE RAT ONE AND SIXTEEN DAYS AFTER
INTRAMUSCULAR INJECTION
Values Are Expressed ss Per Cent of the Absorbed
Dose Recovered in Wet-Weight Tissues

Onz day® Sluteen days®
Theue % inotgan % pev gm. % in organ ﬁpﬂﬂ
[0 ] 0.1 , 06 0.ué
T 068 oa 1 89 o1l
" 0.4 0.4 0 0.3
soma 3.93 on . 008
0.%0 0.09 . 0.08
Liver 3 0.3 . on
Kidney 1.3% 0.81 | 51 0.6
Advenals 0.04 -~ 0.0¢ -
Thyrold 004 ';— 0.08 0_)0.
[ -aaul 1Y R 0.17 0.08
Brain o o 0.06 0.08
Stomach a2 [ Al 0.06 0.06
fitew f4 48 12 14
“:m_ 1.30 0.06 | 488 0.08
Skin 6.0l 0.18 wn 0.08
’2.;4 0.3 } .g:o Q.13
Urlad . —_ . —
5&-5‘0 e VO - 11 z
.t
nl:lm'hl she 7. EYR )
SAvarngs valush of thuee rats. -

Val.9

Tavix 2

DEPOSITION OF 1 MG. OF Na,rO, TAGGED
WITH C® IN RATS EIGHTEEN DAYS AFTER
INTRAPERITONEAL ADMINISTRATION
Values Are the Averuges of Three Rats. ‘Total Recov.
ery 90.3 Per Cent of Administered Dose. Data Ane
Expresscd as Per Cent of the Douse per Organ apd
Gram Wet Weight

Tissue % in organ % per gm.
Adrenals 0 007 -
Bone (femur, tibia, Abula) - 014
Heurt 0.10 0.07
Kidueys 1.61° 0.52
Gastrointestinal tract 2.26 0.07
Liver 3 2.57 0.02
Lungs 0.17 0.08
Muacle — 0.03
Skin 1.45 0.03
Spleea 1.28 1.00
Blood 3.4 0.14
Balance 1.8 0.04
Tims, be. %. urine %o, feces
Firat 24 0.6 10.1
2449 1.8 9.7
49-216 10.6 1.8
116432 36 23
ToTaL 2.3 29.9

v

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, and thirteen cases of Hodglil',
disease. .

To our knowledge the patients did not have

other conditions that might expand blood
volumie, but many of them lm{ ancfuia, wgight
lows, and/or dehydration owing 1o the cancer
that might have decreased blood voluine. A
nunber of patiepts had’ lagge malignant w-
mory with widespread mctastases.

Thggimg of Ked Cells. Human red cells were
tagged b! ufethod similar 10 that used in the
tests on fuds.® Beparinized blood (8 to 10 «c)
was seeded with kunown amounts ol sodium
(lzumalc.aud shaken on a medianical agitator
tor au least forty-five minutes. "4 he plasing wa
withdrawn and the «cll s washed twie
with normal saline tw remove the tapped
plasina. The volume was reconstructed with
nonial saline; a small aliquot was taken to
determine the number of Cr®' counts to be
injected and the remainder given to the ps
tient intravenously. Earlier studies had shown
that one hour allowed adequaie time for com-
plete mixing of the tagged cells. At the end
of this period another heparinized sample of
blood (5 to 10 cc.) was withdrawn. A measured
volume of the sample was assayed for its Cré-

No. 2

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

lotal counus/sec. wjected €. appasent
counts/sec./cc., linal blood sample ~ blood volume.
Hematocriu were made in order to calculate
the relative plasma volumes and the red-cell
mass from the whole-blood volume.

All duta are expressed as the mean tor any
series of observations = the slandard envor.
The mean x the standard error was calculated
by vEER.  Uhe signilicance of any differ-
ence between two groups was calculated by
finding the variance (v) between groups;

= Zdev. (for group 1) + 2dev (for group 2)
)+ ma—2
The standard eiror of differencé = /7%,

The value for Fisher's 1 = ‘.‘E‘_“év';_%i'_'! .

The probability: gf any dilh:rence between
groups was obt*i(‘n:d by using a standard
table for t. !

' Resuwry

Animal Studies. The average body weight,
blood volume, and packed-cell volume of the
wmor-bearing rats and their controly are
prascuted in Table 3. ‘The average whole-
blood volume of the twenty-nine tumor-bear-
ing raws averaged 7.0 = 025 per coent of the
body weight. ‘This was siguihcantly greater
than that of the contols, which averaged 5.37
£ 0.18 per cent ot the bady weight. The in-
areased bluod volume of the wmor-bearing
Tats resulted primarily trow an expanston of
the plasma volume (P — 0.01). The red-cell
miass was incrcased sligluly.

Human Studies. 1o 1he majoity ol patients
with cancer, the whole-blomd volume was not
significanily dallerent hvom normal (Tabice 4),
07.62 £ 082 vs. 655 2 0.70 (. per Kg. (1P =
0.1). Nu siguihcant inocase was noted in the
group with extemsive wctntases; in the jraa
Wemts with nommnctastatic cancer, however, the
whole-blood volunes were siginhcanily lower
than novmal (P = 0.01). All cases of cancer,
including (hose categmised as being éxiensive,
showed & signihicant reduction ot red-cell mass,
# well as an cxpuansion of plasma volune
(P = <0.01). 'The plasina voliumes in the group
with nonmetastatic cuncers were not signifi-
Qatly increased (P = 0.3).

Analysis of the data in the groups classified
dccording to the type or location of the pre-
dominant tumor showed normal blood vol-

Cr® pok BLOUB-VOLUME MEASUREMENT
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umes in the patients with pulmonary cancer
and Hodgkin's disease, whereas significantly
greater than normal 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 nonmal and the plasma volumes
greater than normal to a significant degree,
except in the group with carcinoma of the
colon. In these patients, the red<cell mag was
epsentially normal. : '

Hematocrits in all patients with cancer, in-
cluding those patients with leukemis and
}.l!odgkln s discase, were lower than natm"}/

Discusmion

Results of the present study 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 ce. per Kg. and 29.6 cc. per Kg.
sespectively. A similur decrease was not ob-
served in the experimental rats; however, the
rapid growth of the wansmissible umor used
for implantation may have occuired in oo
short a period to interfere appreciably with
hematopoiesis or have much influence on the
existing red cells in the blocd lstrean,

A comparison of the blood volumes of all
of the cancer patients with the controls showed
that the reduction in red-cell mass was bal-
anced by an expamsion of the plasma volume
and resulted 1in whole-blood volumes that
were approximately normal. These results

‘TawvLe 3
COMPARISON OF THE BLOOD VOLUMES OF
CONTKOL AND TUMOR-BEARING RATS US-
ING THE Cr* RED-CELL-TAGGING METHOQD*

Bluod vol., Av. body

Rats % body wt. Hematocrit  wt., gm.
Tumor-bearing .

29) 1.1%0.25 359+ 0.81 207,0

ange $4-9.5 22.0-46. )

Contr

(22) 544018 4.1« 0.97 176.9

Range 4.1-70 43.0-58.

*Size of tumors ranged from 8 to 38 gm.
Averages given =mean = standard error -/E
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SUMMARY

To determine whether anemia observed in
cancer results from excemive red-blood-cell
destruction or from an expansion of plasima
volume, the whole-blood volume and hemato-
crit were measured in tumor-bearing rau and
in patients with:various types of cancer,

The whole-blood volume of twenty-nine

slightdy.

Similar determinations in 175 paticnts with
various types ol cancer and eightyseven no-
mal control subjects showeld no signihcant
expansion of whole-blood volimne uf canr,
but did demounstrate a signilic un& w:xliamw\l
of plasma volume and a decreasd in 'lul‘,cll
mass, especially when lht cancer “was wide
spread. . ] ’
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ypl these horinones with resuliane ahieration

ol ahe physiological covivonment ol the tumor
ny ;,[u h‘usc chintcal remission. The lack of

ulup(.uc veplacement thevapy for the lile-

supporting advenal glands, however, prevented
the wse ol biliteral adienalectomy until the
development of cortisone. In about 1951 Hug:
g bist employed bilatcral adienaleciomy in
Livadvanced carcinoma ol the breast and

postate, as did o group in Memaial Center. .

Prior 10 the bhegiming ol our invesugation,
cache group had veponted o small sevies ol
wases indicating that most paticnts achicved
subjective benehits for weeks 1o months, while
o 50 per cent ol patients also demon-
sttited objective improvement, as manilested
by shirinkage of tumor wisses, new bone for-
unation in osteolytic losions, deqreinse in pleural
cllusion, and gains in weight and suength.
The same investigators abo vied the opera-
ton in other cancets but found no evidence
ol benelit.

The clinical experience at Brooke Army
Hospital from January 1|, 1953, through July
1 1985, is limited 10 eleven patients, all of

“Fom the Department of Sumgary, Brooke Army Hos-
tal, Fort Sam Houston, 'Venas.

et adibess, U & Aty Haspital,
Letmany.

Recelved fur publicarion, July 29, 195%,
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TasrL 4 TF ; el & p i b
o COMPARISON OF DATA ON THE BLOOD VOLUME OF NORMAL SUBJECTS BILATERAL ADRENALECTOMY FOR ADVANCED BREAST At
’ ENTS WITH CANCER, USI - - )
oo AND PATIEN Values Presented Are Means = Standard Error o CAN(‘E‘R - ‘*
— ™ Red<ell Flasma Whle-bloud , . ' .
- Diagnostic categories Nt:-u Hematocrit mass volume volume 4 RCI)U” Of blcv‘” Cases o o §
'y Normals : WARNER F. Bowkks, corLontl, m.c., Tueopoke H. Nlcuoma MAJOR, M.C.,° AND JOHN ol
i 100, 19.6+0.26 3594047  05.5=0.10 ] , M.C, Joun J,
‘ lzup'::'lelnll) [} 45.10=0.38 Kowuuc, CM’I'MN' M.C. K I.
To(llnlllsnﬂ‘n:;nr“(luq 13 3.25«0.48 zs.us-oin 4|.<o;gl10 °7‘<°J?)i“ . - E
L] . .
Eli;:\:l:: ! 196 3.06=0.49 125 81-0 50 422009 68 0=0.96 o o o i
P value <0.01 0.10 HE PRESENT (’I}uu'ul mvestigation at Brooke  whom had advanced mammary cances, with
Nunmelnuuc . . 21 40.55«1.11 25 w;-:) 12 31.3;;033 m.oo-l 91 Army Ho:lnlulv was originally -limulale_d clinical and laboratory evidensce of duuu; f
s “‘;“ E“N by the work on bilateral advenalectomy in metgstases, - "
runom lung 43 39.02=0.88 15 930—0193 41. l-l 25 o7 06-1 83 advanced carcinoma of the breast perfoned . METHOD v N
: by Huggins in Chicago and at Memorial Cen- .
oo . 6 es 4“. 1-1 91 68.7=3 12 X . . ; '
"ﬁ':‘l"‘.: dissasy L 3 Besn s "' <00 ¢ 20 ter tor Cancer and Allied Discases in New ,  The adrenal glands were removed in al}
Le;hn:n | 15 208329 3. 13-2 38 50. :;811 1400:-(7,21 York City. Previous eftorts w0 palliate thiv - patients thyough the posterolaseral approachy
value " liscase have led 1o the vecognition of the ine through the bed of the twelfeh rib on either
stomach 40.17m58.27 u-n 15 6. o-z 19 12 8=3.41 ¢ b ' '
C'é‘:,':‘n"&'“ l'dmﬂn 1 11=§ . 0.01 <0.0 <0.01 Huence of hormonies on the growth of maw-  side, bath glands being removed at the same P b
Carcinoms of coloa ‘, 19 41.05=1.56 1[160-;(.)62 41 <|6-l 70 oY 420*12"15 mary cancer, and the ellgce of castration and  operative procedure. In all instances, there iy
value , . administration of otipgens and andiogens  had been previous surgical or roentgen-ray ;H
*F value reprasents statistical tTalp-. with cor ding normal value. hav previously been lownd o be benehcial.  cavtration. The present replacement therapy o
. Stonaker sars bearimg ) ible i The similivity of adrenal hovmones o those  fur the adrenal glands is as follows: one day ?
confirm those reported carlier by Kelly et :\.l;. lonaker l'“.l C‘:l“l"b b: ::;“"=_"‘:r‘n f“""l‘:ji' al the gonads has led investigaton 10 posty- preoperatively, 50 mg. cortisune intrmmuscu-
who uwed T1824-tagged plama and P sarcoma was lound to ¢ grester Hiald potind kute that the mnhlu abo inlluence these par-  larly every four hours; operative day, 50 mg,
labeled albumin in similar studies, '”l“' was :,h“ '"':“ Tl‘ Ul rease 1 l""""? ticular neoplasins. 1t was belicved that removal  ortisone intramusculatly every. four hours
voluine; 1€ fed-ce 1y Was - Lacleastd ©

and 100 mg. orally at 6:00 A.m.; first postoper-
ative day, 50 myg. cortisone intrainuscularly
every six hours; second and third postoperative
days, cortisone 50 myp. intramuscularly every
twelve howrs; Jourth, hith, and sixth post
operative days, 25 mg. cortisone orally every
cight hours; seveuth postoperative day, and
thereafier, 25 mg. conisone orally cveyy twelve
hourns. The maintenance dose of oral kyrtisone
is 50 mg. a day in two divided doses.

In the early part of our investigation, it
wits our custom o administer intramuscular
deoxycorticosterone acetale  (BOCA) plior to
and on the day ol surgery, along with sodium
chloride; however, these proceduses have been
lound to be winecessary and have contribuied
o the accumulation of excessive body Huid
inanifested by ascites and peripheral edema.
We still advocate the use of voca and intra-
venous sodium chloride in the operative or
pustoperative course in patients having diff
culty with maintenance of blood pressure;
however, in properly prepared patients, we
have had no difhculty to date in supporting
the blood pressure. Other drugs that have
Leen recommended are nor-epinephrine, ad
renocortical extract, and intravenous hydro-
cortisone. All eleven paticnts in this series
tolerated the adrenul surgervy well and their
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