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ABSTRACT

We have previously demonstrated, using in vitro assays, a high degree
of selective binding of monoclonal antibody (MAb) B723 for carcinomas
of the colon, ovary, and breast versus normal adult tissues using in vitro
assays. We report here a demonstration of selective tumor localization in
colorectal cancer patients of i.v. administered I31l-labeled MAb B72.3

immunoglobulin G prior to surgery. Radiolocalization indices (RI) were
obtained by direct analyses of biopsy materials (/.*â€¢.,cpm of I3ll-labeled

MAb per g of tumor versus cpm per g of normal tissues). Using as a
"positive" localization, RI of 3 times greater than normal tissue (i.e., RI

> 3.0), tumor lesions in various sites from 17 of 20 patients scored
positive. In eight of these patients, all tumor lesions demonstrated RIs of
>3, while in five patients RIs of some lesions were >10 and as high as
30 to 46. Seventy % (99 of 142) of tumor lesions showed RIs of >3, while
only 12 of 210 histologically confirmed normal tissues examined showed
RIs of >3. These tissues, moreover, were either adjacent to tumor or
draining tumor masses, or, as in the case of two patients, apparently due
to high levels of circulating immune complexes that were deposited in
the spleen. Positive y scans (confirmed at surgery) were observed in 14
of 27 patients. An isotype-identical control immunoglobulin G was coin-

jected and showed RIs considerably lower than that of B72.3. No toxicity
or adverse reaction was observed with either MAb. These studies are
among the most comprehensive to date concerning the definition of the
actual delivery of radiolabeled MAb to carcinoma lesions versus a wide
range of adjacent and distal normal tissues and lead the way for other
diagnostic and potential therapeutic applications of this antibody either
alone, or in combinations with other monoclonal antibodies.

INTRODUCTION

The early in situ detection and therapy of carcinoma lesions
remain one of the goals of MAb2 research. Recent studies have
demonstrated that radiolabeled MAbs to tumor-associated an
tigens can indeed detect carcinoma lesions using y cameras.
Studies conducted using MAbs to CEA and MAbs 1083-17-1A
and 19-9, directed against two distinct carcinoma-associated
antigens, have demonstrated that any one of these radiolabeled
MAbs will detect approximately 55 to 65% of carcinoma lesions
(1-6). A recent study showed that the use of both MAbs 19-9
and 17-1A detected 76% of colon carcinoma lesions (7).

Since metastatic colon carcinoma lesions are rarely resected,
the ratio of actual uptake of radiolabeled MAb in tumor versus
a range of normal tissues has been difficult to obtain. These
data are important in dosimetry calculations for the potential
use of radiolabeled MAbs in a therapeutic setting. Furthermore,
the fact that no given MAb is detecting all carcinoma lesions
leads to the hypothesis that a mixture of two or more MAbs

may be more efficacious than one in both /// situ detection and
therapy trials.

Monoclonal antibody B72.3 is a murine IgGl which was
generated by the immunization of mice with a membrane-
enriched fraction of a carcinoma metastasis (8). The reactive
antigen has been shown to be a novel high-molecular-weight
(M, > IO6) glycoprotein and has been termed TAG-72 (9); it

has been shown to be distinct from CEA and the molecules
defined by MAbs 17-1A and 19-9. Immunohistochemical anal
yses of fixed and frozen tissues using the ABC immunoperoxi-
dase method have shown that TAG-72 is expressed in approx
imately 85% of colon carcinomas (10), 70% of breast carcino
mas (11), and 95% of ovarian carcinomas (12), while it appears
not to be expressed or expressed in only trace amounts in a
variety of adult normal tissues examined (8, 13). A recent study
has revealed that TAG-72 is also expressed in fetal gut and can
thus be regarded as a novel pan-carcinoma/fetal antigen (14).
Subsequent to these findings, MAb B72.3 was shown to be of
value for the detection of occult carcinoma cells in pleura!
effusions, ascites, and fine needle aspiration biopsies of patients
with carcinoma of the colon, ovary, breast, and lung (15-18).
As with the immunohistochemical studies using tissue sections,
these studies also revealed a great deal of antigenic heteroge
neity in TAG-72 expression within tumor masses (10, 11).

The selective reactivity of MAb B72.3 in immunohistochem
ical, immunocytochemical, and radioimmunoassay studies led
us to evaluate its potential utility in the detection and/or
therapy of carcinoma lesions in colorectal cancer patients. We
have previously demonstrated that I3II- or '"I-labeled B72.3

IgG efficiently and selectively binds a human colon cancer
xenograft in athymic mice, with tumorrliver radiolocalization
indices approaching 18:1 (19, 20).

We report here the administration of radiolabeled MAb
B72.3 to patients and the consequent quantitative evaluation of
its selective reactivity for colorectal cancer lesions versus a wide
range of normal tissues. These studies were possible due to a
previously ongoing Surgery Branch protocol for the treatment
of patients with metastatic colorectal carcinoma that involved
the surgical resection of metastatic colorectal cancer lesions
plus adjacent "normal" tissues for staging and therapeutic

purposes. Thus y scans followed by a comprehensive direct
examination of tumor and a variety of normal tissues could be
achieved.

MATERIALS AND METHODS
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2The abbreviations used are: MAb, monoclonal antibody; CEA, carcinoem-
bryonic antigen; TAG, tumor-associated glycoprotein; ABC, avidin-biotin com
plex; RIA, radioimmunoassay: RI, radiolocalization index; I MM( , high-pressure
liquid chromatography.

Patients. Twenty-seven patients with colorectal carcinoma were se
lected from ongoing National Cancer Institute-Surgery Branch proto
cols that examined the efficacy of chemotherapy after surgical removal
of the bulk of i.p. tumor. No modifications of this protocol were made
for this study. With the exception of two patients that presented with
primary disease, the rest had metastatic colorectal carcinoma whose
primary lesion had been previously resected. Some patients had received
additional forms of therapy. All patients were included in the protocol
for staging and/or debulking of the recurrent and/or metastatic disease.
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The patients' ages ranged from 16 to 70 yr (17 males, 10 females).

Many of the patients with recurrent and/or metastatic tumor had
advanced disease. Histologically, the tumors covered the whole spec
trum of differentiation from well to poorly differentiated adenocarci-
nomas; mucinous adenocarcinomas and signet ring cell variants were
encountered.

The patients received ml-labeled B72.3 IgG i.v. following different

dosing schedules. Approximately 6 to 8 days postinjection of the
radiolabeled antibody, 24 of 27 patients underwent surgical exploration
and resection of the tumor with normal tissues resected for staging
purposes.

Monoclonal Antibodies. MAb B72.3 is a murine IgGl obtained by
immunization of mice with a membrane-enriched fraction of a human
carcinoma metastasis to the liver. Its generation, characterization, and
reactivities have been described in detail elsewhere (8, 10, 11). For this
study, B72.3 IgG was purified from ascitic fluid by ammonium sulfate
precipitation and ion-exchange chromatography as previously pub
lished (19). The purified IgG was filtered, and all end lots were tested
for the lack of Mycoplasma, 12 adventitious viruses, lack of pyrogen-
icity, as well as for sterility and general safety.

In selected patients, a control isotype-identical MAb (BL-3) was
used. BL-3 reacts with a human B-cell lymphoma. Prior to its use in
our studies, it was tested in RIA for reactivity with extracts of 8 colon
carcinomas and 31 normal adult tissue extracts including normal hu
man colon, liver, spleen, RBC, polymorphonuclear leukocytes, and
kidney, etc., and was shown to be nonreactive. BL-3 IgG was tested for
sterility, etc., as described above, before use in the clinical trial.

lodination of MAb B72.3. B72.3 was labeled with Na'31I using the

lodogen method (19). Purified IgG (500 Â¿ig)was labeled with approxi
mately 5 mCi of Na'31I in a glass vial coated with 250 ng of lodogen.
After a 10-min incubation, the free I31Iwas removed by gel filtration
through a Sephadex G-10 column. The labeled monoclonal was then
diluted in saline containing 1% human serum albumin. Labeling effi
ciency was approximately 60%, and the specific activity ranged from
approximately 6 to 12.5 mCi per mg of antibody.

The immunoreactivity of the radiolabeled antibody was tested in a
solid-phase RIA with colon tumor extracts (LS-174T) known to react
with B72.3 (19). Prior to administration to patients, unlabeled B72.3
IgG was added to the radiolabeled MAb to obtain the desired specific
activity; the sample was then packaged into sterile ampuls, shown to
be apyrogenic using the Limulus amebocyte lysate assay, and then
tested for sterility.

Antibody Administration and Sample Collection. The patients received
from 0.16 to 20 mg of MAb with activities ranging from 2 to 10 mCi
(see Table 1) by slow infusion (over 60 min) via peripheral vein. No
adverse reactions were noticed in any of the patients during or after the
infusion. Following administration, blood samples were collected at 5,
30, 60, 120, and 240 min and at daily intervals thereafter until surgery.
Urine was collected daily for 3 to 6 days postinfusion.

Aliquots of the plasma and urine were counted in a gamma counter
along with a standard of the injected dose for clearance studies. The
plasma was analyzed in competition RIAs (21), by chromatography
(HPLC), and gel electrophoresis for determination of integrity of the
antibody-radiolabel conjugate, TAG-72 antigen levels, presence of im
mune complexes, and presence of and/or appearance of human anti-
mouse antibodies.

Patient Imaging. The patients were imaged within 2 h of MAb
administration and daily up to surgery. A large field of view y camera
with a high energy collimator was utilized. A 20% window over the
364-keV 7 ray of ml was used to obtain anterior and posterior whole-

body images as well as multiple spot views (5 to 10 min each). In
addition to analogue images, digital images were recorded with a
Hewlett Packard scintigraphic computer.

Tissue Studies. All the tissues removed at surgery were labeled
according to organ and anatomical location, and a representative spec
imen of each was immediately weighed in an analytical balance and
counted in a gamma counter in order to establish the activity (cpm) per
g of tissue. Those specimens were then fixed in formalin, embedded in
paraffin, and sectioned for routine histolÃ³gica! studies. All sections
were studied by light microscopy, and the percentage of tumor present
in each section was determined. Representative nontumorous tissues
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(usually liver, margin of resection of colon, and/or small intestines)
were selected, and their activity in counts per gram was averaged. The
uptake of the radionuclide (cpm/g) in histologically confirmed tumor
(containing over 20% tumor cells) was divided by the value obtained
for histologically normal tissues providing the RI for each tissue.

RESULTS

Protocol Parameters. Approximately 7 days prior to surgery,
patients received I31l-labeled MAb B72.3 IgG. Patients were
scanned with a y camera at approximately 2 h post-antibody
administration and daily until surgery. At surgery, suspected
carcinoma lesions and selected normal tissues (for staging pur
poses) were removed. Specimens from all biopsies were imme
diately weighed and placed in a gamma counter to determine
cpm/g values. Tissues were then sent to pathology for routine
histopathological processing and examination. All tissues
termed carcinoma or normal in this study are defined so on the
basis of histopathological examination by two pathologists.
Fixed biopsy specimens were then analyzed for (a) percentage
of tumor cells of total cells present, and (b) TAG-72 antigen-
positive cells using MAb B72.3 and the ABC immunoperoxi-
dase method (10, 11). The intensity of the immunohistochem-
ical reaction and the location of the reactive antigen (i.e.,
intracellular, membrane associated, and/or extracellular) were
also noted. Selected tissues were also analyzed by autoradiog-
raphy for radiolabeled antibody penetration of tissue.

Serum samples were obtained from each patient prior to
MAb administration and at various times post \1 Ab adminis
tration (see "Materials and Methods'"). Appropriate serum

samples were monitored for: (a) TAG-72 antigen content using
a competition RIA; (b) TAG-72 antigen/'31I-labeled MAb com

plexes via HPLC; (c) the presence of and/or appearance of
human anti-murine IgG antibodies (via RIA and HPLC); and
(d) isotope clearance from blood (i.e., cpm/ml at various inter
vals). Urine samples were also obtained for a 6-day period post-
MAb administration to monitor I3II clearance.

Dose and Specific Activity. Twenty-seven patients received
I3ll-labeled B72.3 IgG and were subsequently scanned via a y

camera (Table 1). For medical and/or technical reasons tissues
were not removed at surgery, or the tissues were not accessible
to us for direct determination of cpm per g in seven of these
patients. Patients received a single dose of between 0.16 and
20.0 mg of purified IgG (Table 1; ranked according to dose of
IgG administered). The amount of 131Icoupled to the IgG

ranged from 0.8 mCi to 10 mCi (Table 1), and specific activities
(i.e., mCi of 131Iper mg of IgG) ranged from 0.30 to 12.58

(Table 1). Positive y scans (confirmed at surgery) were observed
in 14 of 27 patients and in 10 of 20 patients in which direct
examination of tissues was available. There was no effect of
IgG dose, mCi amount, or specific activity on whether a y scan
was positive or negative. The major correlation with y scan was
the size of the tumor lesion, with lesions less than 4 cm in
diameter being difficult to accurately define. The reasons for
this lack of ability to detect smaller lesions will be discussed in
detail below. Scans accurately identified tumor lesions in the
liver, bone, orbit, rectum, colon, cecum, pelvis, and diffusely in
the peritoneal cavity (Table 1). A representative y scan is
depicted in Fig. 1 which clearly defines a liver metastasis in the
scan of the abdominal region of Patient E. S. A concomitant
technetium-sulfur colloid scan demonstrated a filling defect
corresponding to the region of MAb localization. As pointed
out previously, the presence of tumor in scans of this and 13
other patients (Table 1) was confirmed at surgery and by
histopathological examination of excised tissue. In 4 of the 27
patients studied, activity was observed in the area of the spleen.
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Table 1 Summary of patients given injections of "'Â¡-labeled B72.3 IgG
Patients with metastatic colorectal cancer were inoculated with varying doses of B72.3 IgG radiolabeled with 13II.In selected cases the radiolabeled IgG was diluted

with unlabeled B72.3 IgG to obtain the desired specific activity. The patients were scanned with a y camera until surgery. Positive scans of tumor lesions were
confirmed at surgery.

InjecteddoseNameM.S.

2M.
L.R.
G.H.
K.W.
M.C.
P.D.
F.E.
S.J.
D.M.
P.C.
M.J.
P.M.
K.H.
L.H.
B.R.
S.R.
C.E.
P.B.
B.E.
L.M.S.M.

C.T.
R.C.
C.H.
F.P.M.J.

R.mg0.160.170.180.220.260.260.270.340.360.400.460.860.90.00.06.08.18.32.353.703.845.0017.8019.2419.2419.7220.00mCi2.02.02.01.62.02.02.02.00.81.91.510.010.08.310.010.09.410.010.01.11.71.710.010.010.010.010.0Specific

activity12.5811.7611.117.187.697.697.415.882.084.753.3311.6311.118.309.439.267.997.587.410.300.440.340.560.520.520.510.50ScanresultsPositiveNegativeNegativeNegativePositivePositivePositivePositiveNegativePositiveNegativeNegativePositivePositivePositiveNegativePositivePositiveNegativePositiveNegativeNegativeNegativePositiveNegativePositiveNegativeTumorlocationRectumRectum,

pÃ©rit.,'1pelvisLiver,

lung,LNRectum,
LNLiverOrbit,

boneLiverLiverOmentumLiver,

diffuseperitoneumColon,
liver, softtissueDiffuse

peritoneumLiverDiffuse

peritoneumDiffuse
peritoneumLungLiver,

LN,retroperit.Diffuse
peritoneumLiverLiverLungPelvisDiffuse

peritoneumDiffuse
peritoneumColonLung,

liver, spleen, diaphragm, perito
neumPelvisTumor

size(cm)4.5X54X3NK3.7

x3.2NKNS2.52.5-9.52.5-40.2-30.4-2.42-6NS18

x551

xO.82.5X210x43x2.55x50.2-1.21

X0.41-60.4-80.9x321

X151.5

' pÃ©rit.,peritoneum;LN, lymph node; NK, not known;NS, no surgery.

-M

Table 2 Rls of tumor and normal tissue biopsies of patients given injections of
131Â¡-labeledB72.3 IgG

The uptake of the radionuclide-monoclonal antibody complex in tissues was
determined for all specimens removed at surgery. The tissues were examined
histologically and classified as tumor or normal. The value (cpm/g) found in the
various tissues was divided by the average cpm/g found in histologically normal
tissues giving the radiolocalization indices.

Fig. 1. Scan (y) of liver metastasis (A/) in Patient E. S. obtained at 96 h
postinoculation of 13ll-labeled B72.3 IgG (0.34 mg, 2 mCi). Posterior view
encompasses the entire abdomen from the diaphragm (D) to the bladder (B).

In three of the cases (Patients H. B., D. F., and J. P.) it was
most likely due to uptake of 131I-labeled M Ab by immune

complexes that migrated to the spleen; this will be discussed
below.

No anaphylaxis, serum sickness, decrease in WBC count,
platelets, or other indication of bone marrow suppression, or
other evidence of toxicity was observed in any of the patients
administered the various doses and/or specific activities of 131I-
labeled MAb B72.3 or the isotype-identical control MAb I25I-
labeled BL-3.

RI. The RI value is defined as the ratio of the uptake of 'â€¢"!-

labeled MAb per g of histologically confirmed tumor to that
per g of histologically confirmed normal tissue; average values
(cpm/g) from biopsy of normal liver and/or intestinal tissue of
each patient were normalized to 1.0. Rls of >3.0 were arbitrarily
considered a "positive" for these studies. As can be seen in

Table 2, at least one tumor lesion in 17 of 20 of the patients
studied had an RI of >3.0. In 8 of these patients, all 50 tumor
lesions biopsied had Rls of >3.0 (Patients J. P., M. P., H. B.,
H. K., M. L., B. B., D. F., and C. C.; Table 2). Five of the

TumorRlsNameJ.

P.M.
P.H.
B.H.
K.P.M.M.

L.B.
B.D.
F.C.
C.E.
S.E.
L.H.
L.T.
R.M.S.H.

F.R.
C.E.
P.CM.J.

D.J.
R.Minimum8.55.35.110.32.44.84.43.95.52.32.91.12.11.42.22.00.81.71.31.4Maximum29.645.832.610.317.38.97.47.35.55.34.18.24.24.54.03.45.32.42.41.4Tumor

lesions
(RI)<30e0002000011101311135413-10259018355141925112000>10213416000000000000000Normal

tissues
(RI)<3684205204161386310IS1535719113-10Â°00000010100012020010>10*20200000000000000000

" The average RI value of all tumor lesions obtained for a given patient.
* Spleen (n = 4); lymph nodes (n = 2); peritoneum (n = 2); ileum (n

omentum (n = 1); gallbladder (n = 1).
c Number of specimens with the indicated RI.

2);

patients studied displayed 26 lesions with Rls of >10.0 (Patients
J. P., M. P., H. B., H. K., P. H.; Table 2). In total, 99 of 142
(70%) carcinoma lesions biopsied displayed Rls of >3.0. There
was no effect of IgG dose, mCi amount, or specific activity on
the radiolocalization indices observed in the 20 patients.

Examples of results from individual patients can be seen in
Fig. 2. In general, patients could be classified into several
categories on the basis of Rls. One category includes those
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Fig. 2. Ris of selected patients representative of the three patterns observed
(see text). â€¢,tumor; O, normal tissue; D, normal spleen; A, normal gallbladder.
Normal tissues include: colon (n = 7); small intestine (n = 4); anus (n = 2); liver
(n = 16); gallbladder (n = 4); spleen (n = 4); lymph node (n = 3); vagina (n = 2);
cervix (n = 2); uterus (n = 2); ovary (n = 2); pelvis (n = 4); peritoneum (n = 3);
soft tissue (n = 3); muscle (n = 4); bone (n = 1); fat (n = 11); vein (n = 1);
epicardium (n = 1).

patients in which all tumor tissues had RIs of >3, and all
normal tissues had RIs of <3. This is exemplified in Fig. 2, A,
Patient M. P.; A, Patient M. L.; and C, Patient D. F. As seen
in Fig. 2, all of the 18 tumor specimens removed from various
locations from Patient M. P. had RIs ranging from 6 to 46,
while the 8 specimens of normal tissues all had RI values of
<3.

The next category contains patients with at least one tumor
specimen that displayed an RI of <3 (Fig. 2, D and E; Patients
P. H. and E. S.). This could be due to either the antigenic
heterogeneity of tumor masses or the inability of IgG to get to
particular tumor masses or parts of tumor masses; this will be
discussed below.

Another category of patients includes those that had one
normal tissue with an RI of >3. A representative example of
this is seen in Patient B. B. (Fig. 2H) in which the gall bladder
has an RI of 3.1. Since the tumor in the liver had an RI of 5.3,
and gall bladder specimens from 2 other patients were negative,
it is assumed that this RI of >3.0 is due to drainage of TAG-
12 antigen from the liver to the gall bladder.

One hundred ninety-eight of 210 histologically confirmed
normal tissues biopsied showed a negative RI (<3.0). In 12
patients, all apparently normal tissues biopsied had negative
RIs. Twelve biopsy specimens from 8 patients showed RIs of
>3.0. In all but 2 cases, these tissues were immediately adjacent
to carcinoma or draining carcinoma (e.g., Patient B. B.; Fig.
2H); in 2 cases high RIs were seen in spleen biopsy (Fig. 2, F
and G). It is possible that this was due to the presence of
immune complexes in spleen and not direct binding of n'I-

labeled MAb to spleen cells, because (a) both Patients H. B.
and J. P. had high levels of circulating 13lI-MAb/TAG-72
antigen complexes (as analyzed by HPLC size exclusion chro-
matography), and (A) spleen biopsy specimens from 2 other
patients (E. P., T. R.; Table 2) who did not have high levels of
circulating immune complexes had RIs for spleen of less than
3. While immune complexes may also localize in the liver, none
was observed in either scans or biopsies taken from normal
liver, although no liver biopsies were obtained from patients
with high levels of circulating immune complexes. Thus, of the

210 biopsies of normal tissues including colon, liver, spleen,
lungs, small intestine, peritoneum, etc., no tissue was consis
tently positive for MAb uptake.

The percentage of injected dose of 13ll-labeled MAb B72.3

per g of carcinoma tissue at the time of surgery (approximately
6 to 7 days postadministration) ranged from 0.0002 to 0.01 for
the various patients studied.

An isotype-identical MAb (BL-3) was used as a control in
four patients to delineate the selective binding of MAb B72.3
for colon carcinoma lesions. MAb BL-3 is a murine IgGl anti-
idiotype MAb which is reactive with a B-cell lymphoma. MAb
BL-3 was radiolabeled with 125I,and greater than 80% of the

activity specifically bound to the idiotype IgM. The same
amount (1.5 mg) of '"I-labeled BL-3 as '"I-labeled B72.3 was
coinjected into each patient. MAb BL-3 showed no localization
in tumor tissues with 2 to 4 times less binding than MAb B72.3;
however, equivalent amounts of both BL-3 and B72.3 were
observed in histologically normal tissues such as colon, small
intestine, liver, peritoneum, omentum, lymph nodes, and gall
bladder.

MAb Pharmacokinetics. Plasma clearance of 131I-labeled

B72.3 IgG was determined for all patients and was similar in
25 of 27 patients; the mass of antibody injected had no effect
on the rate of clearance of the radiolabeled B72.3 IgG. The
average rate of plasma clearance in these patients is seen in
Table 3. By Day 1, approximately half of the MAb has cleared
the plasma. Notice, however, that by Day 6, when most of the
surgery was undertaken, approximately 11% of the injected
dose was still in circulation. The impact of this finding on both
7 scans and RI values will be discussed below. Greater than
95% of the cpm in the plasma through all the time periods (i.e.,
up to 7 days post-MAb administration) was trichloroacetic acid
precipitale and migrated like intact IgG when analyzed by
HPLC size exclusion chromatography. Whole-body clearance
of I3'I had a tv, of approximately 3.5 days as determined by
whole-body gamma counting, and these values correlated well
with the appearance of I3II in the urine. I25l-labeled MAb BL-3
had similar plasma and whole-body clearance as MAb B72.3.

TAG-72 antigen levels were evaluated prior to antibody
administration by an RIA described previously (21). We have
shown that approximately 60% of patients with colorectal
cancer have elevated TAG-72 levels (21). In no cases did an
elevated TAG-72 level appear to interfere with antibody binding
to tumor.
DISCUSSION

Most of the previous clinical trials using radiolabeled MAb
have relied solely on 7 scans to determine the accuracy of tumor
binding by the MAb (1, 2, 5, 7, 22, 23). Moreover, some have
necessitated the use of a second radiolabeled MAb or blood
pool agent for computer background subtraction (23, 24). In
only a few of these trials has actual tumor biopsy material been

Table 3 Plasma levels of"'l-labeled MAb B72.3 IgG

Plasma samples from 25 patients were analyzed for clearance of the radiola
beled monoclonal antibody. The average of the percentage of the injected dose
was calculated as a function of time postadministration of the radiolabeled MAb.

Time (h)
% of injected

dose

0
0.5
1
2
4
24
48
72
144

100
90
87
75
74
54
39
30
11
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obtained for direct analysis of MAb delivery, and in these
studies, only tumonnormal colon values were obtained. The
ratios achieved in these various studies ranged from 1.1:1 to
6.7:1 (1, 5, 25,26) for uptake in carcinoma versus normal colon.

In the studies reported here, all 50 tumor lesions biopsied
from 8 patients had Rls of >3, and in 5 patients 26 lesions
were determined to have Rls of >10. Fig. 2, A to C, displays
the results of 3 patients in which all tumor tissue had Rls of
>3, and all normal tissues had Rls of <3. These patients may
be well suited for potential therapeutic trials using higher doses
of 13ll-labeled B72.3 or B72.3 coupled to a more efficient
therapeutic isotope such as 90Y. Whether a RI of 3 is sufficient

to provide an adequate therapeutic index will have to be dem
onstrated in Phase I therapy trials.

Positive 7 scans were observed in 14 of the 27 patients
studied. In 10 of 20 patients the positive scans were obtained
prior to surgery and confirmed at surgery and by histopatho-
logical analysis of tumor masses. Lesions less than 4 cm in
diameter were difficult to identify via 7 scanning. This, however,
is most likely due to the following reasons: (a) 131Iis a relatively
poor agent for 7 scanning due to its high-energy 7; '"In, "Te,
or I23Iwould be more efficient for this purpose; (b) intact IgG

was used, not fragments; and (c) no second antibody or other
agent was used for computer-aided background subtraction of
blood pool. This is an extremely important parameter, since at
the time of scanning, between 10% and 25% of the total injected
I31I-labeled MAb dose was still in circulation, thus obscuring

highly vascularized regions such as the liver. It is thus antici
pated that the use of F(ab')2 or Fab fragments of MAb B72.3

will greatly facilitate the utilization of B72.3 in 7 scanning for
the detection of colorectal cancer lesions. The use of a more
suitable radionuclide with or without blood pool subtraction
procedures may also improve the use of B72.3.

While there is clearly more experimentation required to
optimize B72.3 for 7 scanning, these studies clearly demon
strate the ability of this monoclonal to selectively bind colorec
tal cancer lesions. Indeed, the Rls of up to 46 reported here are
probably artifactually low, since at the time of biopsy of normal
tissues and carcinoma, approximately 10% of injected dose was
still in the blood pool. It is our anticipation that the tumor:
normal tissue ratios will go up as F(ab')2 or Fab fragments,

which clear the blood pool faster, are used.
We have recently shown that MAb B72.3 reacts with the

majority of adenocarcinomas of the lung examined, as well as
with about 70% of breast adenocarcinomas, and 95% of ovarian
carcinomas. The potential utility of radiolabeled MAb B72.3,
either alone or in combination with other MAbs (1-6), in the
diagnosis of these neoplasms in addition to metastatic colorec
tal cancer and for potential therapeutic trials is now being more
seriously evaluated on the basis of the results reported here.

ACKNOWLEDGMENTS

We thank Diane Simpson, Patricia Perentesis, Margarita Lora, and
Patrick Maloney for their expert technical assistance. We want to
acknowledge the help of the radiopharmacists: Mark Rotman; Richard
Fejka; Josie fingiert: and Ray Farkas.

REFERENCES

1. Mach, J-P., Buchegger, F., Forni, M., Ritschard, J., Berche, C., Lumbroso,
J-D., Schreyer, M., Girardet, C., Accola, R. S., and Carrel, S. Use of
radiolabelled monoclonal anti-CEA antibodies for the detection of human
carcinomas by external photoscanning and tomoscintigraphy. Immunol. To
day, 2: 239-249, 1981.

2. Moldofsky, P. J., Powe. J., Mulhern, C. B., Jr., Hammond, N., Sears, H. F.,
Gatenby, R. A., Steplewski, Z., and Koprowski, H. Metastatic colon carcinoma detected with radiolabeled l-'(ab')j monoclonal antibody fragments.

Radiology, 149: 549-555, 1983.

3. Moldofsky, P. J., Sears, H. F., Mulhern, C. B., Jr., Hammond, N. D., Powe,
J., Gatenby, R. A., Steplewski, Z., and Koprowski, H. Detection of metastatic
tumor in normal-sized retroperitoneal lymph nodes by monoclonal antibody
imaging. N. Engl. J. Med., 311: 106-107, 1985.

4. Hammond, N. D., Moldofsky, P. J., Beardsley, M. R., and Mulhern, C. B.,
Jr. External imaging techniques for quantitation of distribution of 1-131
F(ab')2 fragments of monoclonal antibody in humans. Med. Phys., il: 778-

783, 1984.
5. Mach, J-P., Chatal, J-F., Lumbroso, J-D., Buchegger, F., Forni, M., Rit-

schard, J., Berche, C., Douillard, J-Y., Carrel, S., Herlyn, M., Steplewski,
Z., and Koprowski, H. Tumor localization in patients by radiolabeled mono
clonal antibodies against colon carcinoma. Cancer Res., 43: 5593-5600,
1983.

6. Hnatowich, D. J., Griffin, T. W., Kosciuczyk, C., Rusckowski, M., Childs,
R. I.. Mattis, J. A., Shealy, D., and Doherty, P. W. Pharmacokinetics of an
indium-111 labeled monoclonal antibody in cancer patients. J. NucÃ.Med.,
26:849-858, 1985.

7. Chatal, J-F., Saccavini, J-C., Fumoleau, P., Doulliard, J-Y., Curtet, C.,
Kremer, M., Le Mevel, B., and Koprowski, H. Immunoscintigraphy of colon
carcinoma. J. NucÃ.Med., 25: 307-314, 1984.

8. Colcher, D., Hand, P., Nuti, M., and Schlom, J. A spectrum of monoclonal
antibodies reactive with human mammary tumor cells. Proc. Nati. Acad. Sci.
USA, 78: 3199-3203, 1981.

9. Johnson, V. G., Schlom, J., Paterson, A. J., Bennett, J.. Magnani, J. L., and
Colcher, D. Analysis of a human tumor-associated glycoprotein (TAG-72)
identified by monoclonal antibody B72.3. Cancer Res., 46: 850-857, 1986.

10. Stramignoni, D., Bowen, R., Atkinson, B. F., and Schlom, J. Differential
reactivity of monoclonal antibodies with human colon adenocarcinomas and
adenomas. Int. J. Cancer, 31: 543-552, 1983.

11. Nuti, M.. Teramoto, Y. A., Mariani-Costantini, R., Horan Hand, P., Colcher,
D., and Schlom, J. A monoclonal antibody (B72.3) defines patterns of
distribution of a novel tumor-associated antigen in human mammary carci
noma cell population. Int. J. Cancer, 29: 539-545, 1982.

12. Thor, A., Gorstein, F., Ohuchi, N., Szpak, C. A., Johnston, W. W., and
Schlom, J. Tumor-associated glycoprotein (TAG-72) in ovarian carcinomas
denned by monoclonal antibody B72.3. J. Nati. Cancer Inst., 76: 995-1006,
1986.

13. Hand, P. H., Colcher, D., Salomon, D., Ridge, J., Noguchi, P., and Schlom,
J. Influence of spatial configuration of carcinoma cell populations of a tumor-
associated glycoprotein. Cancer Res., 45:833-839, 1985.

14. Thor, A., Ohuchi, N., Szpak, C. A., Johnston, W. W., and Schlom, J. The
distribution of oncofetal antigen TAG-72 recognized by monoclonal antibody
B72.3. Cancer Res., 46: 3118-3124, 1986.

15. Johnston, W. W., Szpak, C. A., Lottich, S. C., Thor, A., and Schlom, J. Use
of a monoclonal antibody (B72.3) as an immunocytochemical adjunct to
diagnosis of adenocarcinoma in human effusions. Cancer Res., 45: 1894-
1900, 1985.

16. Martin, S. E., Moshiri, S., Thor, A., Vilasi, V., Chu, E. W., and Schlom, J.
Identification of adenocarcinoma in cytospin preparations of effusions using
monoclonal antibody B72.3. Am. J. Clin. Pathol., 86:10-18, 1986.

17. Nuti, M., Mottolese, M., Viora, M., Donnorso, R. P., Schlom, J., and Natali,
P. G. Use of monoclonal antibodies to human breast tumor-associated
antigens in fine needle aspirate cytology. Int. J. Cancer, 37:493-498, 1986.

18. Johnston, W. W., Szpak, C. A., Lottich, S. C., Thor, A., and Schlom, J. Use
of a monoclonal antibody (B72.3) as a novel immunohistochemical adjunct
for the diagnosis of carcinomas in fine needle aspiration biopsy specimens.
Hum. Pathol., 17: 501-513, 1986.

19. Colcher, D., Keenan, A. M., Larson, S. M., and Schlom, J. Prolonged binding
of a radiolabeled monoclonal antibody (B72.3) used for the in situ radioim-
munodetection of human colon carcinoma xenografts. Cancer Res., 44:5744-
5751, 1984.

20. Keenan, A. M., Colcher, D., Larson, S. M., and Schlom, J. Radioimmuno-
scintigraphy of human colon cancer xenografts in mice with radioiodinated
monoclonal antibody B72.3. J. NucÃ.Med., 25:1197-1203, 1984.

21. Paterson, A. J., Schlom, J., Sears, H. F., Bennett, J., and Colcher, D. A
radioimmunoassay for the detection of human-tumor associated glycoprotein
(TAG-72) using monoclonal antibody B72.3. Int. J. Cancer, 37: 660-666,
1986.

22. Epenetos, A. A., Britton, K. E., Mather, S., Shepherd, J., Granowska, M.,
Taylor-Papadimitriou, J., Simmon. C. C., Durbin, H., Hawkins, L. R.,
Malpas, J. S., and Bodmer, W. F. Targeting of iodine- 123-labelled tumour-
associated monoclonal antibodies to ovarian, breast, and gastrointestinal
tumours. Lancet, 2:999-1004, 1982.

23. Armitage, N. C., Perkins, A. C., Pimm, M. V., Farrands, P. A., Baldwin, R.
W., and Hardcastle, J. D. The localization of an anti-tumour monoclonal
antibody (79IT/36) in gastrointestinal tumours. J. Surg., 71:407-412,1984.

24. Smedley, H. M., Finan, P., Lennox, E. S., Ritson, A., Takei, F., Wraight,
P., and Sikora, K. Localisation of metastatic carcinoma by a radiolabelled
monoclonal antibody. Br. J. Cancer, 47: 253-259, 1983.

25. Farrands, P. A., Perkins, A. C., Pimm, M. V., Hardy, J. D., Embleton, M.,
Baldwin, R. W., and Hardcastle, J. D. Radioimmunodetection of human
colorectal cancers by an anti-tumour monoclonal antibody. Lancet, 2: 397-
400, 1982.

26. Delaloye, B., Bischof-Delaloye, A., Buchegger, F., von Fliedner, V., Grob, J-
P., Volant, J-C., Pettavel, J., and Mach, J-P. Detection of colorectal carci
noma by emission-computerized tomography after injection of '"1-labeled
Fab or F(ab')2 fragments from monoclonal anti-carcinoembryonic antigen
antibodies. J. Clin. Invest., 77: 301 -311, 1986.

1189

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2429921/cr0470041185.pdf by guest on 19 M

ay 2023




