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BLOOD-VOLUME MEASUREMEN'TS IN CANCER USING
THE Cr* RED-BLOOD-CELL TAGGING METHOD

W. A Rewwy, Mo, Hakorn L. HELwiG, pH.b., AND KENNETH G, SCOTT, PH.D.

URING & series ol tumor-host studies in
D rats andd mice, we noted that the animals
developed aneinia rclatively soon alter i
plantation ol the wmor. This association be-
tween malignany twmors and anewia has been
obscrved previowsly by a wunnber of investiga-
tors, @y dted by Ewing in 1940, Later swudics
by Sundberg et al. 1epored the occurrence of
a sevele secondiny anemia in neoplastic dis
ease. Suong amd Francis have regorted that
wiaing of wice susceptible 19 wmors had
lower hemoglobin fevels Wan nonswscepible
mice.¥ ’1'th{ reported 3lso that the hemoglobin
level progrespively decreased with age in sus-
ceptible wid.® 1n a 1cport on the 1clationship
ol tumor growth and hewoglobin levels, Vay-
for and Polluck condluded that the decrease
i hemoglobin is a divect, vather than a sec
oidary, cllect ol the malignant wmor,

Aseries of bload-voluime weasurements was
mitated on Lo -bearing vats in order to
deterimine whether the observed ancmia was
the result ol exvessive red-cell destruction or of
anexpatsion ol pleswa volume, Because of
e relatively sl ved-cell mass of he rat,
dererminations were wade by the method of
Gray o Stealing2 4 which utilizes G gy
ared blood cell tag o ameasure the citcubiting
vl mass, A1 a Laer date, when 84 with
a suthaiently high specibe activity 1o wairang
15 e inman becane available commerially
(Abbou Lahoratories), incasuiements on -
uchty with varions types ol Gacer wers: in-
duded in the expanded program. Uhe value
ul G iy chinieal ad in estimating the red-
vell s s wholbe bload volume has been
teponted by ws canlies ®
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METHOD

Animal Studies. Blood-volume determina:
tions were made on twenty-two control and
on twenty-nine tumor-bearing Slonaker rats.
The tumor used was a transmiwible fibrosar-
coma thay has been described.? Subcutaneous
isografis weve made by bilateral inoculation
of & suspemion of tumor cells. Inoculation of
this particular tnor has produced”™a high

rcentage of takes. The resultant tumon
have never been observed o regrew but to
grow vapidly and overwhelm the host in a
pesiod of trom thiee to fouwr weeks.

The Cr*! used in these studies was produced
in the cyclonon by bomburding a vanadium -
target with protons 1o turm carrier-free radio-
chromium as a result of the pu reaction. In
sonie cases, icogram quantities of sodium
chiomate carrier were added 1o ¢ifect a more
satislactony tagging ot the ved blood cells. The
uptake ol Ci% by red cells was found 1 be
less when canier-dree Grdt was used. 1t was
sipspected that the wmimne quantities ol hemo-
globin present in the saline in which the cells
were suspended sequesicred the suiall amount
ol canricr-hiee €89, thos making it unavailable
lor dithusion 1o the l(‘l'}l ells.

An aliquot ol the tagged cells was st aside
as i printay standard. A knowa voluine of the
tugged cells, 0.1 10 0.2 ¢, was then adminis.-
teved 10 novmal wnd vonor-Learing rats via
the external jugular vein, which was exposed
by @ sl incision in the skin lying divecly
over the clavicle. A mixing time of thiry |
minutes was allowed and a sample of cardiac
blowd, | 1o 4 ¢c,, was withdrawn. Each sample
wits counted on ascintillation counter, using
a thallisactivated sodium jodide crysal in
conjundtion with 4 5819 R.C.A. photomaulti-
pliey tube, The cefliciency af the swintillat w
counter was such thag Hl 1o 14 per cent of the
ganuna rays emitied by the Crd were regis-
tered as counts. The samples were counted
for a sulhicient perviod of time to reduce any
variation owitlg o statistical fluctuation o
x B percent.

‘The blood volume was caleulated by cam-
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puting the dilution of the Crb-wagged cells in
each sample of cardiac bluod. Determination
of the red-cell mass and a';:proximate plasma
volume was made from hematocrits of the
samples.

Additional studies were undertaken to de-
termine the fate of Cr¥t at one and sixteen
days after the intramuscular injection of
aarrier-free Crét (Table 1) and at cighteen days
after the intraperitoncal administration of
1 mg. of labeled sadium chromaie (Table 2).
The data obtained showed that Cr! was not
localized o 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 resulus indicated
that the administration of tracer doses of Cr®
would not be hazardous 1o 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 yed-cell mass, plasma
volume, and whole-blood volume were de-
sermined in eighty-seven pormal subjects (pro-
viding cighty-seven tests) and 175 hospitalized
patients with various types of cancer (provid-
ing 213 weats). The preseuce of a cancer was
confirmed by one or more of the following:

Val.9

Tabvix 2

DEPOSITION OF | MG. OF Na,rO, TAGGED
WITH Cr® IN RATS EIGHTEEN DAYS AFTER
INTRAPERITONEAL ADMINISTRATION
Values Are the Averages of Three Rats. ‘Total Recov-
ery 90.3 Per Cent of Adwministered Dose. Duta Ane
Expressed as Per Cent of the Dose per Orgun apd
Gram Wet Weight

Tissue % in orgun % per gm.
Adrenals 0.007 —
Boue (femur, tibia, Gbula) 014
Heurt 0,10 0.01
Kidueys 1.0 0,52
Gastraintestinal tract 2.26 0.01
Liver 3 2.87 0.02
Lungs 0.17 0.08
Muscle — 0.03
Skin 1.45 0.0
Spleea 1.28 1.00
lood 3.4 0.14
Balanca 1.8 0.04
Timae, br, %, urine %o, feces
Firat 24 2.6 10.1
2449 7.8 91
49-216 10.6 1.8
316432 3o 2.3
Totar 42.3 299

one cases). They were further subdivided ac
cording to the location of the tumor as fol-
lows: forty-three pulmonary carcinomas, nine-

No. 2

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

lotal counts/scc. jected o appasent
counts/eec./cc., tinal blood sawmple ~ blood volume.
Hematocrin were miade 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 observationy = the standard envor,
The mean x the standard error was calculated
by VL. Uhe signilicance of any differ-
ence between (wo groups was calculated by
buding the variance (v) between groups:

v Idev. (for group 1) + Xdev (for group 2)

)+ (pa—2)
The sandard eiror of ditierencé = /T

The value for Fisher's 1 = '.'E‘_"é_'l"ﬁ;i!ﬂ .

The probability: gf any d%ltcrcnce between
groups was obt*;‘wd by using a standard
table for t. !
' Resurts

Animql Studies. ‘The average body weight,
bloqd volume, and packed-celt volume of the
wmor-bearing vats and their controly are

Cr®! pok BLOOD-VOLUME MEASUREMENT
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umwes in the patients with pulmonary cancer
and Hodgkin's disease, whereas significantly
greater than normal blood volumes were
found in die 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 noral and the plasma volumes
greater than normal to a significant degree,
except in the group with carcinoma of the
colon. In these patienws, the red-cell mag was
ensentially normal. '

Hematocrits in all padenu with cancer, in-
cluding those patients with leukemis and

>
}.l!odgkm s discase, were lower than na:l:l(,(
Discussion

Resulis 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

' Q unequivocal clinical and laboratory (including  teen carcinomas of the colon, fiteen cases of Plr;::lnmll in 'l‘[ul»:le 3. The average whole- subjects, 25.88 cc. per Kg. and 29.6 cc. per Kg,
A roenigenographic) findings, surgical explota- leukemia, and thirteen cases of HMSKT"P | P volune ol the twenty nine tumor-bear-  respectively. A similar decrease was not ob-
‘ i io d autopsy. For pu of disease. S ing raws averaged 7.1 x 0.25 per cent of the  served in the experimental rats; however, the
tion, biopsy, and autopsy purposcs bod 1 . / rat
evaluation, the cases were divided by the same To our knowledge the patients did not have , y weight. ‘Vhis was ugn_nhcamly greater  rapid growth of the transmissible tumor used
iteria i i tensive spre other conditions that might expand blood than that ol the conuols, which averaged 537 for implantation may have occuired in too
A criteria into cancers with extensive spread pht expan 0.18 ) ‘ pea 3. t . y n .
KB Y (186 cases) and nonmctastatic cancers (twenty-  Volumie, but many of thowm had anchiia, weight * 018 per cent of the hody weight. The in-  short a period to interfere appreciably with
183 loss, and/or dehydration owitg 1o ehe cincer ereased blood volume of the wmorbearing  hematopoiesis or have much igfluence an the
3k £$ b Tasix | that might have decreased blood voluine, A :;:s l’ll:sullcd plnmmll)" Irow an cnuuuon t;f cxisting red cells in the blocd lswrean,
L2 Tt et B Tottee o . . asima vo — W), ‘The red-ell ari of the blood
. number of patiepts had layge malignant w plasma volume ( ). The red-e A comparison of the blood volumes of all
% f.( ] ¥,ﬁ'goiﬂogﬂ‘g”,,,‘i’},“';,',’é#{.;'}f%{“\?gc'xoﬁ,{ﬁ mors with wi.lc;;!rk:ml WCLastases. ass was luflcuwd slighaty. o _ of the cancer patients with the controls showed
A !_‘:a Y, INTRAMUSCULAR INJECTION Thgging of Ked Cells. Muman ted cells were Human Studies. 1n the majority of patients  that the reduction in red-ccll mass was bal-
v b8 B Vhiues re "i{g‘“:fd'l; ";f:!("‘;:.' h“:-l!il'.:u:.b'“b“‘ tagged b} & ulefhodd similar 1o that used in the with cancer, the wholeblod volune was not — anced by an expansion of the plasma volume
15 A H“i'}ﬁ' ove s d . ests on !d s epariniccd blood (8 1o 10 «) {Iglf}luunlllx'dnllc!c-nll hom normal (Table 4), and resulted in whole-blouvd volumes that
b 59& One day Seendays® L eded with known amounts o sodism 67.62 x O82 vs. 65.5 2 0.70 . per Kg. (" =  were approximately normal. These resulus
%,"' 'éla z‘ Tissue % ln oigan % per wm, % lu otgun %4 par g, ¢Izuuuwalld shaken on a medianical agitator 0). No ?'I;“"“-““_llll tease way poted in the
‘}1 L -1,‘ w, Heart o - T 11 o8 tor an least furty-five minutes. 'Y he plasois was group with extemsive mctastases; i the pa- Tawe 3
;71,.‘ J}T Spieen 048 0.48 -0 030 withdrawn and the ol s washed twice Honts with nonnctastatic cancer, however, the . COMPARISON OF THE BLOOD VOLUMES OF
j‘[ IS o3 el Ht’: 124 X 000 il wal sali o remove the wapped whole-blood volunes were signilicanily lower CONTKOL AND TUMOR-BEARING RATS US-
b_,, ) < with normal saline to remove b K] ING E Crt CRT T .
g S Liver FR 1] 0.3 . 01 h ! than noimal (P = 0.01). All cases of 1 ) NG THE Cr** RED-CELL-TAGGING METHOD
} VIR KE Kldney i om L) bh o8 plasma, The volume was reconstructed with includi "'I‘ (P = 0o1). \ "J"?”‘ of cancer, Blood val Av. bod
AN & Adtenals o~ o Z . nonnal saling; a small aliquot wis taken to g those categonized as being exiensive, vol., . v. body
i I '~ / 4 | T%’:r e e - 0.30 ; . i 51 counts 10 be showed o significant reduction ot red-cell mass, Ran % body wt,  Hematocrit  wt., gm.
| RS A SHortdt o ol2 017 oos determine the nuiber of Cr® cout ! : -
it S, Beain 033 °l 8% 3% injected and the remainder given to the ps a8 well as an cxpansion of plasma volume  Tumor-bearing :
I GEILT IR fromach ol 4] vos oo Injecte , ‘ (P=<0.01), The , . 29) 7.1-025 359+ 0.81  207,0
At T RRE mal i 3 9.4 iient intravenously. Earlier studies had shown ) 01). "The plasina volumes in the group ange §4-95  22.0~46. o
' ¥ Mosde %3 008 488 0.0¢  that one hour allowed adequate time for com: With nonmetastatic cancers were not signifi-  Contr
ﬂ.\ 145§ Nypacle oot 18 3N o.08 1 antly i = ¢ 22) 54%018 48.1= 0.97 17
" e s 054 o3 | 0w a3 plete mixing of the tagged cells. At the end A y ingreased (P = 0.3). . Range  4.1-77  €30-s5. 176.0
Erye ety Urlae " ot i = of this period another heparinized samiple of nalysis of the data in the groups clamified "
i A ‘ ’ e 41, s blood (5 to 10 cc.) was withdrawn. A measured dccording to the type or location of the pre- Sise ol tumors ranged from 8 to 35 gm.
MR R Shveres vaiums of thrwn Toie —  volume of the sample was assayed for its Cré- inant tumor showed normal blood vol-  Averages given =mean = swandard error VAR
|
‘!
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~pl these hornones with resuliane alieration
ol the physiological coviromment ot the tnor
mm ,l‘../mc dinical remission. The lack of
_adeipate replacement thevapy for the lile-
supporting advenal glands, however, prevented
the wse ol biliteral adienalectomy until the
development of cortisone. In about 1951 Hug:
gins bst employed bilatcial adicnaleciomy in
Lividvanced carcinoma ol the breast and
postate, as did a group in Memmial Center, .
Pror 1o the beginning ol our invesugation,

and 100 myg. orally at 6:00 A.m.; first postoper-

| SUMMARY ative day, 50 mg. cortisone intraipuscularly

Similar determinations in 175 paticuts with
various types ol cancer and cightyseven no-
mal control subjects showed no signiheant
expansion of whole-blowd volume il” G,
but did demonstrate a signific nn& pxliugmuh)‘
of plasma volume and a decreasd in 'uil“,c'll l
mass, especially when the cancer 'wus wide:
apread. I ’

\ LY
il
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Tastx ¢ r N N S e - il
COMPARISON OF DATA ON THE BLOOD VOLUME OF NORMAL SUBJECTS BILATERAL ADRENALECTOMY FOR ADVANCED BREAST 4
& ENTS WITH CANCER, 3 - - :E :
o) AND PATIEN Values Presented Are Means & Standard Error o CAN(JE‘R o %'
- . Red-cell Plasnia Whole-bloud . ; . W
- Diagnostic categories Nt:n’:' Hematocrit mass volunie volume 4 de‘”‘ 0’ lllt—‘vfﬂ Cases . D v ;
1 Nomals ; WARNER F. BowEks, COLONEL, M., Tugopoke H. NIGHOLAS, MAJor, M.C,% AND JOHN P ¢
i 10«0 9.62026  35.9+041  05.50.70 . » , M.C,, Joun J,
o ([ paiieats) 9 45.10.0.38 KOVAKIC, CAFTAIN, M.G. : I t
oy Torel nmnbr toety 23 38.25.045 2588041  41.6=0.70  07.620.8 : R {
- P Value* » 28 l<10 g'su Y] %‘:g‘ou ' oaf)o gl% o f
i i . Bl=0, - el . .
5"‘,"‘,‘:“:": ' 196 38.0020.49 <0.01 <0.01 0.10 e vReseNT dinical investigation at Broake  whom had advanced mammary cances, with
N‘;:\mlugutic ' ) U 055« u.sg(;-‘l“u 31.3;;033 bJ.u‘;‘I) 9 Anny Hospital was originally stimulated  clinical and laboratory evidencs of distany i
Special E’”, ; by the work on bilageral advenalectomy in mctastases, - . 8
rcinoma of lung 43 19.02=0.8% 2#93;3193 41.(10-‘!“25 07.0‘-)-1 83 advanced carcinoma of the breast performed . METHOD T 2
P value : <0. : : by Huggins in Chicago and at Memorial Cen- ‘
| p e So=1. 4.1=197 68.743 12 ! ! L
5‘ ! Ho‘:%tllt‘ll: diseas L 13 B19e3 N sgo.(‘n“ 4 <(;'01 026 ter bor Cancer and Allied Discases in New, | The adrenal glands were removed in uu-//
A . Lculﬂlitil | 15 8830 23.12;5]38 so:o-‘s)il 4 uoa-znl York City. Previous eftorts 1o palliate this - patients thyough the posterolateral approach,
P value ‘ : : : discuse have led 1o the recognition af the in.  through the bed of the twelfeh rib on either
i qTmy, ATm1.73 46.6=2 19 T2 8=341 b ' ' on
C‘é‘;‘l‘«"&' of muhudwbuln 13 40078321 2% 0.01 <0.01 <0.01 Huence of hormones an the growgh of mam-  side, both glands being renioved at the same P b
Carcinoms of oloa Yoae 40sel56 n.zo“ooz el 70 69 ALaD I8 mary cancer, and the éllgct of castvation and  operative procedure. In all instances, there iy
P value . . i auinistration of esupgens and androgens  had been previous surgical or roentgen.ray ;H
k! *P value reprasents statistical Wupuim with corresponding normal value. has previously been louind to be benehiial.  castration, The present replacement therapy ‘ -
EITEY ) . ) . The simildvity of adrenal hormones 1o thuse  for the adrenal glands is as follows: one day !
k111 confirm those reported earlier by Kelly et al,  Slonaker ran beaving 4 transmissible bbio- | fhe yong thas led invostigaions to posty- preaperatively, 50 g, cortisune intmmuscu-
who used T.182‘4~la_ued plama and P sarcoma wa toand to be greater than nonmal 1 e g he might abso intlucnce these par-  lurly every four hours; operative day, 50 mg.
“ . labeled albumin in similar studies, ’lllm was l:lc m:ll tl)l‘ an increase in pl;mlul P ticular neoplasins. 1t was belicved that removal — cortisone  intramusculatly every. four hours
B, : volume; the redcell mass was daacasd
WL R
i

l
every six hours; second and third postoperative !
days, cortisone 50 myp. intramuscularly every l L
twelve howrs; lowth, hith, and sixth post- !
operative days, 25 mg. cortisone orally every
cight hours; seveuth postoperative day, and
therealter, 25 mig. cortisune orally cveyy twelve it
houn. The naintenance dose of oral kyrtivone i
is 50 mg. a day in two divided doses. o

In the early part of our investigation, it

slightly. (

. 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 measured in tumor-bearing raw and
in patients with-various types of cancer,

The whole-blood volume of twenty-nine

et
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L) 1 cach group had veponted a small sevies of - was our custom o administer intramuscular
{,‘ .’.‘ y 1. Ewing, ] Neoplastic Discases; 8 Trestise on  Changes in rewdnfion] of copper |ivon in liver am wasey indicating that st patients achicved deoxycorticosterone  acetate (DOCA) prior 10
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[ IS h Pp. 53 : remia. v . hidn ; . . . . e NPT ) ;

o 2. Gaav, 8. ] and STeang, K. Determination K’ “ 7. Scdrr, K. G Bostk, W. 15 sininen, M. B and e 50 per cent ol patients also demon- chloride; however, these procedurey have been

sttated objective improvement, as manilested
by shirinkage of twmor wisses, new bone for-
unation in osteolytic losions, dedeise in pleural
cllusion, and gains in weight and suength.
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