
olon cancer has been one of the tumors most
frequently imaged by the radioimmunoscintigraphy
technique. Several studies have utilized anti-CEA anti
bodies of polyclonal (3-13) or monoclonal origin (5,
14-16) as well as antibodies directed at non-CEA anti
gens (1 7-22). Many ofthese antibodies have significant
cross reactivity with normal circulating cells (16,22) or
normal organs, limiting their clinical utility. Mono
clonal antibody(MoAb)B72.3,a munne IgOl,was
obtained by immunizing mice with membrane enriched
fractions of a human breast carcinoma metastatic to
the liver (23). The MoAb recognizes a high molecular
weight glycoprotein (>106 D) with characteristics of a
mucin, termed TAG (tumor associated glycoprotein)
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72 (24). On the basis of immunopathologic findings,
TAG-72 is expressed in @@85%of colon cancers, 70%
of breast cancers, and 95% of ovarian cancers, while it
shows minimal or no expression in normal adult tissue
(23,25â€”27).The antigen is found on the cell surfaces
and may also be secreted into the mucin pools of the
tumor(28). We have previously reported (29) a detailed
analysesof the quantitativedistributionof [â€˜311]B72.3
in tumor and normal tissues of colorectal cancer pa
tients. We have also reported (30) on the correlation of
the quantitative distribution of [â€˜3'I]B72.3IgG with
tumor histology, tumor antigen level, and anatomic
tumorlocation. We demonstrated(29,30) in 20 patients
the selective localization of B72.3 in 99 of 142 tumors
which had at least three times greater uptake per gram
than normal tissue, while only 12 of2l0 normal tissues
had similar levels of uptake. We now report on various
parameters effecting imaging in 35 patients receiving
escalating doses of monoclonal antibody B72.3 IgG
labeled with â€˜@â€˜I.
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The monoclonalanthody B72.3 is a murineIgGi that is reactivewitha wide rangeof
carcinomaswhiledemonstratinglittleor no reactivityto normaladufttissues. Wehaveshown
(27) quantftative analyses demonstrating selective targeting of [â€˜31I]B72.3lgG to metastatic
colorectalcancer.Wehavealso shown(28)that (a)B72.3localizationinmetastases
correlated wfth the percentage of tumor cells in the biopsy specimen; (b) B72.3 could localize
in carcinomas of various degrees of differentiation with best localization in well-differentiated
tumorsand (C)[131I]B72.3could penetratetumormasses, as determinedby autoradiographic
studies. We report here the various parameters effecting radioimmunosantigraphy with
[131lJB72.3lgG. Sixteen of 35 patients with colorectal carcinoma had positive scans (without
blood-poolsubtraction).HighcirculatingTAG-72antigenlevels correlatedwithpositivescans.
Nodosedependentdifferenceswereseenin biodisttibutionor tumor imaging.Theplasma
clearanceand urinaryexcretionof [131l]B72.3and [1@l]BL-3(nonspecificcontrol)werenot
significantlydifferent.Notoxicitywas noted.Approximatelyone-halfof patientsdeveloped
humananti-mouseimmuneresponse.
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MATERIAL AND METhODS

Antibody
B72.3 was purified from ascitic fluid by ammonium sulfate

precipitation and ion exchange chromatography (31). The
monoclonal antibody BL-3, an IgOl directed against the idi
otype ofa B-cell lymphoma was used as a nonspecific control
(30). Once purified, the IgG were filtered and all lots tested
accordingto Food and Drug Administrationâ€œPointsto con
siderin the manufactureof monoclonal antibody productsfor
human use (32).â€•These included lack of mycoplasma, lack
of adventitious viruses, sterility, lack of pyrogemcity, and
generalsafety.

The purified B72.3 was labeled with â€˜@â€˜iusing the lodogen
method (33) [250 @igof iodogen and 500-1,500 @igof B72.3
IgGI. The MoAb was labeled at specific activities of 0.3 to
12.6 mCi per mg ofantibody. Free iodine was separated from
protein bound by gel filtrationthrough a column packed with
Pharmacia 0-10 (Pharmacia, Upsala, Sweden). A mean of
98% ofthe â€˜@â€˜Iwas protein bound as determined by chroma
tography on Whatman No. 1 with 85% methanol. High per
formance liquid chromatography(HPLC) analysis of the per
cent protein bound iodine was performed using a TSK 2000
column, and TSK 3000 (Beckman Instruments Inc., San
Ramon, CA) in tandem. The BL-3 was labeled with 1251at
specific activities of 2.44 Â±0.48 mCi per mg using a similar
technique. A mean of98% ofthe 1251was protein bound. All
products were shown to be sterile and passed quantitative
endotoxin testing (limulus amebocyte lysate, Associates of
Cape Cod, MA).

More than 80% of the [â€˜311]B72.3remained immunoreac
tive based on sequential solid phase RIAs (31) with extracts
of a carcinoma xenograft grown in athymic mice (LS-174T)
which contains the TAG-72 antigen that reacts with B72.3. In
addition [â€˜3I]B72.3has been tested in competition radio
immunoassays and competed identically to unlabeled B72.3
(data not shown). The [â€˜23I]BL-3was @@-80%immunoreactive
based on a solid phase RIA (30).

To evaluatetheeffectof proteinmassontumorlocaliza
tion, a limited dose escalation study was performedwith doses
ofO. 16 mg to 20 mg ofMoAb and 0.76 to 10 mCi. The MoAb
was administeredas a 1 hr intravenous infusion in <20 ml of
phosphate buffered saline at a pH of 7.2. The 20-mg doses
consisted of@l mg of â€˜311-labeledB72.3 mixed with unlabeled,
carrier, antibody to make a total of 20 mg and 10mCi. As a
control seven patients receiving a mean of 0.98 Â±0.13 mg of
[â€˜311]B72.3were co-infused with [â€˜251]BL-3(0.97 Â±0.17 mg
and 1.94 Â±0. 1 mCi).

Patients
Thirty-five patients enrolled in a previously established

NCI-Surgery Branch protocol for surgical resection of met
astatic disease were evaluated. The protocol was approved by
the InstitutionalHuman ResearchCommittee ofthe National
Cancer Institute and all patients gave their informed consent.
All patientshadhistologicallydocumented colon cancer.Their
ages ranged from 16 to 70 yr old, with a mean age of 51 yr.
The group consisted of 22 men and 13 women. Baseline
complete blood counts, liver function test, and renal function

chest x-ray,abdominal computed tomography,full chest torn
ograms, and bone and liver spleen scans. Two patients had
primarycolontumors (in one patient it wasa secondprimary
colon tumor) and the others had metastaticcolon carcinoma.
Thirty-four patients had previously undergone a resection of
a primary colon cancer. Thirty-two patients underwent sur
gical exploration for â€œcurativeâ€•or â€œdebulkingâ€•resection of
metastatic disease. Thirty patients had metastatic disease doc
umented by conventional imaging techniques. Three patients
had risingCEA with a negative radiographicworkupand two
patients had a tumor detected by colonoscopy. Two patients
who did not undergo surgeryhad positive scans which were
confirmed by radiographic workup.

All patients had determination of TAG-72 antigen status
of their tumor by immunohistochemical studies with B72.3
antibody(25). The TAG-72antigen is detected in the serum
of approximatelyone-half of the patients with colorectal car
cinoma cancer (34). In order to determine the effect of cir
culating antigen on biodistribution baseline serum samples
prior to antibody injection were assayed for TAG-72 content
using an immunoradiometric assay (34).

Imaging and Biodistribution
The patientswere imaged within 2 hr ofMoAb administra

tion and daily until the day prior to surgery (range 4 to 15
days, mean 8 Â±2 days). A GE 535 gamma camera with a
high-energy collimator was utilized. Utilizing the 364 keV
gamma ray of â€˜@Iand a 20% window, anterior and posterior
whole-body images as well as multiple spot views (5 to 10
mm) including chest, abdomen, and pelvis were obtained. In
addition to analog images, digital images were recorded with
a Hewlett PackardScintigraphicdata analyzer. Serial images
were analyzed with manually drawn regions of interest over
the major organsand tumor. Values were expressedas count
per minute (cpm), corrected for isotope decay. The rate of
isotope clearance from individual organs was compared to
that from tumor.

The imageswere interpretedas positive when focal areasof
increased uptake were seen in the analog images not corre
sponding to sites of physiologic uptake (blood pool, bladder,
and thyroid).Blood-pool or organsubtractiontechniqueswere
not applied to these images. As a â€œgoldstandardâ€•scan results
were correlated with a combination of surgical and radio
graphic findings.

Plasmaclearancewas determinedby gamma counting
plasma samples obtained at the end of infusion, 30 mm, 1 hr,
2 hr, 24 hr, 48 hr, 72 hr, 96 hr and daily up to the time of
surgery and multiplying the dose retained per milliliter of
serum by the patients estimated plasma volume. Whole-body
retention of â€˜@â€˜Iwas determined by probe counts with a 2 x
2 x 2 in. Nal crystal at 7 m from the patient taking the
immediate postinfusion counts as 100%. In addition â€˜@â€˜i
whole-bodyretention wascalculatedfrom the regionof inter
est analyses of the anterior and posterior whole body (decay
corrected geometric mean) taking as 100% the cpm in the
immediate postinfusion scan. Serial 24-hr urine collections
wereobtainedup to 72 hr postinfusion.

Human anti-mouse antibody (HAMA) determination (35)
was performed on the baseline and post-antibody infusion
serums. One microliter of the patients' baseline serum was
incubatedwith 0.5â€”1ng of [â€˜25IJB72.3monoclonalantibody
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(10,000 cpm), for 20 hr at 4C. Twenty milligrams of formalin
fixed staphylococcusA cells (BRL, Bethesda,MD.) were
added, and following a 15-mm incubation (4Â°C,the bound
counts were separated by centrifugation (3,000 rpm for 5
mm). The percent binding for each patient serum was calcu
lated as bound counts/total counts xlOO and compared to
the mean for a group of normal control serum from patients
not previously exposed to MoAb. A serum was considered
positive for HAMA if the percent binding was at least three
standard deviations greater than the mean of the control
group. Only patients with serum samplesavailableat least 2
wk to 6 mo after MoAb infusion were evaluated for develop
ment of HAMA.

RESULTS

Sixteen of 35 patients had positive scans. No differ
ence in tumor detection occurred at the different dose
levels of B72.3 administered (Table 1). The anatomic
distribution of lesions represented the usual metastatic
sites of colon cancer. Table 2 indicates the sites of
involvement and their imaging status. In all patients
with clinical evidence of ascites the radiolabeled anti
body concentrated in the peritoneal cavity (Fig. 1),
while passive extravasation into a third space was likely
a contributing factor, biopsy of the patient's tumor
showed preferential tumor uptake (29). By scan, the
smallest lesion detected was 2.5 cm in diameter with
most detected lesions being 4 cm or larger.

A characteristic pattern of whole-body distribution
was seen. The MoAb circulated in the blood pool with
a mean terminal phase TÂ½of 65 hr (weighed mean of
all groups with a range of 32 to 106 hr that was not
significantly different between doses (p > 0.2 to 0.9).
No significant binding of the antibody to circulating
blood cells was observed. The whole-body radioactivity
cleared, with a mean TIh of 82 hr, a range of 51% to
61 % was retained at 72 hr. The whole-body retention
calculated from the whole-body scans showed excellent
correlation with the probe count measurements (Fig.
2). Gamma camera images showed that the antibody
was predominantly in the blood pool with very little
selective accumulation in normal organs (Fig. 3). How
ever, in four patients with circulating antigen and evi
dence of immune complexes as determined by HPLC
of serum, there was mildly increased splenic activity.

The radioactivity in the blood pool was a prominent

TABLE I
ScanResultsbyDose

DoseS 0.28mg 1.06mg 4.18mg 19.2mg

TABLE 2
Scan ResultsbySite of Involvement

fraction of that retained in the whole body (Table 3).
The region ofinterest analysesshowed a nearlyconstant
ratio between the blood-pool activity and the liver and
spleen activity (Table 4). Escalatingdoses of['31I] B72.3
(up to 20 mg), had no effect on the plasma, whole-body
clearance or biodistribution (Table 5). The plasma
clearance (Table 6) and the urinary excretion (Table 7)
of [â€˜25I]BL-3(nonspecific) MoAb was not significantly
different from that of the co-infused [â€˜3111B72.3.

The optimum time for imaging was found to be
about one week when the background activity had
decreasedand tumor to nontumor ratios weregreatest
(Fig. 3). Several liver tumor metastases presented as
cold lesions early, which became of equal intensity to
the liver and had more activity than the liver at the
delayed time points (Fig. 4), indicating a slower access

1-131 B72.3 (1.3 mg, lOmCi)

6 DAYS

2 HOURS

ANT. CHEST ANT. PELVIS

FIGURE 1
Anterior spot views of the chest and pelvis (10 mCi, 1.3
mg of [131I]B72.3)from a patient with peritoneal carcino
matosis and ascites, demonstrating diffuse uptake in the
peritonealcavityat 6 days.
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WHOLE BODY CLEARANCE
CORRELA11ONPROBECOUNTSVERSUSGAMMACAMERA

FIGURE 2
Determinationof whole-bodyclear
ance of 1311by probe counts shows

100 excellentcorrelationto the whole
body clearance determined from the
whole-body scans.PERCENTRETAINED(PROBE COUNTS)

to tumor and more prolonged retention in liver metas
tases than in a normal liver.

There were several reasons for negative scans. The
prolonged retention in the blood pool contributed to
the high background. Areas of relative high activity
such as the low pelvis near the urinary bladder were
particularly difficult to interpret. In two patients a low
concentration ofantigen present in the tumor may have
been responsible for poor imaging. No false-positive
scans were observed.

Patients were evaluated for their immune response

to murine IgO before infusion of 0.28 mg to 20 mg of
murine MoAb B72.3 and in some cases B72.3 and BL
3. While none ofthe patients had detectable pre-existing
anti-mouse IgG 52% of the patients developed an im
mune response to the injected MoAb after the single
administration of the MoAb (Table 8).

Fifty-six percent (19/34) of the patients tested had
significant levels ofthe TAG-72 antigen in their serum.
The antigen level found in the serum had no effect on
the plasma or whole-body clearance. The antigen level
found in the serum did have a significant correlation

FIGURE 3
Serial anterior whole-body images
from a patient with metastatic ads
nocarcinomaofthe colonto the liver.
The scans were obtained after i.v.
injection of 1.1 mCi, 3.7 mg of [1311]
B72.3. There is a slow clearance of
radioactivityfromthebloodpooland
whole body. At 2 hr and at 1 day
there is a normalappearingliverbut
at 3 days and6 days, whenthe blood
pool and liver background have de
creased there is evidence of met
astatic liver disease to the tight lobe
of the liver (arrowhead).A second
metastasesto the leftlobeofthe liver
(arrow) is not cleatly seen because
of the high adjacent backgroundin
the heart and left upper quadrant.

1-131872.3 (3.7 mg. 1.1 mCi)

2hr iaay 3day 6day
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Uver to heart

DaysNumber of patientsMean Â±s.d.0

1
2
3
6

Spleen to heart12

11
9
7
60.692

Â±0.201
0.718Â±0.200
0.709Â±0.215
0.676 Â±0.246

0.797Â±0.1930

I
2
3
612

11
9
7

60.557Â±0.215

0.671 Â±0.317
0.628Â±0.097
0.641Â±0.170

0.962Â±0.182From

regionof Witernstanalyses.

. Percent of the total injected dose in the plasma (gamma

counts) dividedby the percent of the rijected dose retained E@the
whole body (probe counts).

t M@i milligrams InjeCted.

with the ability to detect the lesions by gamma scanning.
In 14 of 15 patients that had circulating levels of TAG
72 over 15 U/mi positive gamma scans were obtained,
while only two ofthe 19 patients that had @l5U/mi
had positive scans (Table 9).

No toxic side effects were noted during any of the
antibody injections. Vital signs and temperature re
maimed unchanged up to the time of surgery. No
changes from the baseline blood counts, liver function
test or rental function test were observed.

DISCUSSION

Radioiodinated B72.3 targeting colon cancer xeno
grafted in nude mice showed unusually high stability to
de-iodination and has been associated with some of the
highest percentage uptake reported for animal tumor
models (31). Our previously published quantitative re

Doseof 0.28Â±0.09mg 1.04Â±0.2mg
B72.3 (n=11) (n=16)4.18Â±0.71

mg
(n=3)19.2Â±0.8mg(n=5)Whole-body

retentionTuneTot

100100100100Iday
797883802days
616069663days
51586150Plesma

retention'Tu@ieTo@

95928882lhr
919089752hr
78808075iday
625755632days
414140423days
373030326days
9121513.

Mean percent of the injected dose retained in the whole body orplasma.t

To end of the 1 hr antibody Infusion.

TABLE3
Fraction of the RadioactivityRetained in Whole Body

that is inthe CirculationS

TABLE 4
Ratio of ACtivityin Organ to Heart

B72.3

doset 0.28mg 1.06mg 4.18mg 19.2mg

2hr0.950.920.880.8224
hr0.780.730.660.7948
hr0.670.680.580.6472

hr0.720.520.490.64

sults (29,30) with B72.3 show among the highest tumor
to nontumorratiosreportedfor radioimmunoscintig
raphy(4,21,29,36â€”39)although, as in other studies the
absoluteconcentrationof radiolabeledantibodieshas
beenmuchlowerthan in xenograftmodels(5,21).

The gamma camera images showed prolonged cir
culation in the blood pool with very little localization
in normal organsbeyond that expected from the normal
blood pool. The clearance from the liver and spleen
appeared to be proportional to the blood-pool clear
ance.The antibodyhad a gradualclearancefrom the
plasma(-@-65hr terminalphaseTÂ½)anda longerwhole
bodyretention(TÂ½of -â€˜@-82hr). The whole-bodyreten
tion by probe countscorrelatedwellwith the whole

TABLE 5
Dose Effect of B72.3 on Whole-Body and Plasma Retention
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TABLE6Plasma
Retentionof PatientsCo-Infused

and [1@l]B14'with
[1311]B72.3r31l1B72.3[1@I]B14

TABLE7Wnary
Excretionof Patients Co-Infused

and [1@I]BL-3@with
[1311]B72.3Time[â€˜311JB72.3[â€˜@I]BL4

. Mean Â± s.d. of the percent of the Injected dose excreted.

0â€”24hr18Â±1121Â±1124â€”48hr14Â±311Â±448â€”72hr9Â±39Â±4
Tot82Â±1083Â±240.5hr77Â±1981Â±24lhr80Â±1681Â±2124hr50Â±1548Â±1648hr38Â±1736Â±1672hr32Â±730Â±696hr13Â±810Â±6

. Mean Â± s.d. of the percent of Injected dose In the plasma.

t@o@p4@f@hrlnfusion.

body scan data and comparison with urinary excretion
indicated that the urine was the main route of excretion.

Although some studies utilizing anti-CEA antibodies
(3,14,15) have reported sensitivities of 85% to 95% for
tumor detection of colorectal carcinoma other studies
targeting the same or other antigens have been less
successful (4,6,7,13). Most of these studies depended
on background subtraction techniques producing low
count suboptimal images and subtraction artifacts (5,
36,41) resulting in image interpretation of questionable

certainty. In our study in which no blood pool or organ
subtraction was performed, 46% of the patients were
found to have scans positive for recurrent metastatic
diseases. Although a higher sensitivity utilizing blood
pool subtraction techniques may have been achieved,
we believe that these methods are cumbersome, have
potential for false-positive results (13), and do not
address the main issue of low absolute concentrations
in tumors. Therefore, we chose not to employ them at
this time.

The limited sensitivity obtained thus far may be
related to several factors. The prolonged blood pool
created a high background contributing to poor tumor
visualization. In two patients, the antigen expression
was very low and insufficient for imaging. Many tumors
were very small and hard to detect because of limited
resolution of our gamma cameras for â€˜@â€˜I(41). In

addition, several tumors appeared as photon deficient
areas early after antibody infusion and were only visu
alized above surrounding background at the delayed
times. This finding corresponds with hypovascularity
and or poor capillary permeability at the tumor level
and, in conjunction with low absolute amounts of
antibody delivered to tumor, suggests that a barrier
exists to the delivery of the radiolabeled MoAb.

Circulating TAG-72 antigen did not prevent tumor
imaging but rather correlated with positive scans. Pre
vious reports with radiolabeled anti-CEA antibodies
have shown no interference of circulating CEA on
tumor detection (36). This positive correlation between
TAG-72 levels and scans suggest that patients with high
levels would be good candidates for imaging.

The administered dose had no significant effect on
tumor detection, or biodistribution over the 100-fold
difference in dose range. In contrast other antibodies
have significant dose dependent differences in clearance
and biodistribution (38,42,43). The dose dependent
differences in biodistribution seen with the latter anti
bodies appears to be related to rapid clearance of the
administered MoAb into a saturable poolwhich appears
to be predominantly in liver, spleen, and bone marrow.
The natureofthis binding is not completely understood
and may be related to binding to antigen, Fe receptor
binding, catabolism or other factors. The similarities in
clearance between the [â€˜251]BL-3and the [â€˜311]B72.3
suggested that the lack ofdose dependent changes with
[â€˜311]B72.3are likely due to its lack ofsigniflcant cross
reactivity with normal tissues.

FiGURE4
Serial anterior views of the chest (2
mCi, 0.34 mg of [â€˜31l]B72.3)demon
strating a photopenic region in the
liver correspondIng to a large colon
cancer metastases(arrowhead). At 1
day the lesion has equal activity to
the normal liver while at 4 days the
lesion has more uptake than the sur
rounding normal liver and back
ground. Atechnetlum-99m sulfurcol
bid scan fTc-SC)shows a large me
tastases.

Immidlet. lDiy 40sy.
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TABLE 8
Induction of Anti-Mouse Response in Patients Injected

with [131l]B72.3lgG

Positive Borderline Negative

Pre-injection0/350/3535/35Postinjection16/311/3114/31

(b) using fragments, which with their smaller size should
penetrate into tumors and provide quicker clearance
from the blood pool (38); (c) using alternate routes of
administration such as intraperitoneal (45) or lym
phatic (46) or (d) finding methods to alter tumor cap
illary permeability and enhance local tumor delivery of
the radiolabeledMoAb.
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