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ABSTRACT

We have investigated the therapeutic efficacy of a single injection of
"'I-lalu-lctl murine mouse monoclonal antibody (NP-4) against carci-

noembryonic antigen using the human colonie tumor xenograft, GW-39,

grown in the cheek pouches of adult hamsters. Therapeutic efficacy was
dependent on the dose of radioactivity, the specificity of the antibody for
the tumor, and the size of the tumor when the radioantibody was admin
istered. A dose of 1 mCi of 13ll-labeled NP-4 given 1 day after tumor

transplantation completely inhibited the growth of 6 of 11 tumors over a
12-week period, and histolÃ³gica! evidence indicated that viable tumor was

absent in the tissue remaining at the injection site. Lower doses (0.5 mCi)
of '"l-lalu'led NP-4 inhibited tumor growth over 90% in comparison to

untreated animals, but the tumors eventually resumed growth. Delaying
the administration of radioantibody for 4 or 7 days after tumor trans
plantation significantly reduced the therapeutic efficacy. Although the
same dose of I3ll-labeled irrelevant immunoglobulin G also inhibited
tumor growth, I3ll-labeled NP-4 was generally 2-3 times more effective

in reducing tumor growth than was the control IgG. There was a 13%
loss in body weight within 7 days after treatment with 1 mCi, but all the
animals regained their weight by day 14, indicating that the level of
radioactivity was tolerated well. Dosimetrie calculations predicted that
over 14 days a dose of nearly 2400 rads was delivered to the tumors with
1"l-lahi'lfd NP-4. These results confirm our previous studies that '"I-

labeled antibody can effectively inhibit tumor growth, but suggest that
radioantibody therapy is most effectively administered when there is a
low tumor burden.

INTRODUCTION

The selectivity of antibodies for antigens that are quantita
tively increased in human tumors has renewed interest in de
veloping such agents for destroying tumor tissues throughout
the body. Although truly tumor-specific MAbs3 have not been

described, there are several antibodies against a variety of
human tumors that have been used to localize human tumors
in xenograft models as well as in patients (1-5). Several of
these antigens have served as targets for testing the concept of
whether MAbs alone or as conjugates with toxic substances can
act as selective therapeutic agents. For example, antibodies
directed against CEA, a-fetoprotein, ferritin, melanoma, and
an epithelial-specific antibody have been radiolabeled with 13II
and used in the treatment of human tumors (6-9). Other
antitumor antibodies, especially of the IgG2 or IgG3 isotype,
have been used unconjugated as immunotherapeutic reagents
(10,11).

We have already described the therapeutic efficacy of 13II-
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labeled, affinity-purified, goat anti-CEA antibody in the GW-
39 human colorectal tumor xenograft model (12). This first
report that radiolabeled antibody directed against a human
tumor-associated antigen could retard tumor growth in xeno-
grafted human tumor was subsequently confirmed and extended
by other investigators using different antibodies and models
(13-15). We have now evaluated the biodistribution of several
MAbs against CEA and have chosen one of these, designated
NP-4 (16), to determine the therapeutic efficacy of a single
injection of this MAb radiolabeled with 131I.In addition, we

have evaluated how the amount of tumor burden at the onset
of treatment influences the therapeutic outcome.

MATERIALS AND METHODS

NP-4 Purification and Radiolabeling. NP-4 was purified from mouse
asdics using Protein A and ion exchange chromatography over S-
Sepharose (Pharmacia, Piscataway, NJ). An irrelevant IgG of the same
isotype as NP-4 (IgGl), designated AgS (P3 x 6-Ag8), was purified
from mouse asdics by Protein A alone.

The antibodies were radiolabeled with I31I(NEN, Boston, MA) by
the chloramine-T method (17) to a specific activity of 17-23 mCi/mg
protein. Unreacted radioiodine was separated from antibody-bound '"I
by passage over a PD-10 (Pharmacia) column equilibrated in 0.04 M
phosphate-buffered saline, pH 7.4, containing 1% human serum albu
min. Routine quality assurance of the radiolabeled antibodies included
passage over a 0.9- x SS-cm S 200 (Pharmacia) gel filtration column
and measurement of the percentage of radioactivity that bound to a
CF.A-AIti-Gel IO (Bio-Rad, Richmond, CA) immunoadsorbent or to a
goat anti-mouse IgG immunoadsorbent. The radiolabeled NP-4 prep
arations had no detectable aggregates but contained between 2-4%
small-molecular-sized radioiodine, while the AgS preparations were
also free of aggregates and contained less than 1% small-molecular-
sized radioiodine. Radiolabeled NP-4 and Ag8 preparations bound
between 75-95 and 1-8%, respectively, to a CEA immunoadsorbent
and between 92-97% to the anti-mouse IgG immunoadsorbent. All
radiolabeled preparations were used within 24 h after labeling.

Human Tumor Xenograft Model and Experimental Design. The CEA-
producing, GW-39 human colonie tumor xenograft that is serially
propagated in adult hamsters was used for these studies (18). Tumors
were freshly excised from the hind leg muscle and were first coarsely
minced with scissors, then passed through a 40-mesh wire screen that
was thoroughly rinsed with 0.9% sterile NaCl solution to yield a final
20% (w/v) tumor cell suspension. The cell suspension (0.5 ml) was
injected into each cheek pouch of normal adult female hamsters (110-
120 g) and within 1, 4, or 7 days after transplantation, radioantibody
was injected.

For all experiments, the animals were placed on Lugol's solution
(5% iodine-10% potassium iodide solution; given as 1 ml Lugol's/100

ml water) in their drinking water at least 1 day prior to radioantibody
injection and were maintained on Lugol's for the duration of the

experiment. All radioantibody injections were given i.p. The animals
given radioantibody were individually housed for the first 7 days with
daily changes of bedding. Thereafter, the animals were housed in groups
of 4-6 animals/cage. With the exception of the animals that were given
injections 1 day after tumor transplantation, the tumor size was deter
mined with a caliper, immediately before the injection of the radioan-
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tibody, by measuring the length, width, and depth of the tumor that
extended from each cheek pouch. The first measurement of tumor size
for the animals treated with 1-day-old tumor transplants was taken 7
days after injection of the radioantibody. Determination of total body
activity was made immediately after radioantibody injection, as well as
1 and 7 days later by placing the animal directly in a dose calibrator.
Animals that were less than 50% of the mode for the total body activity
on day 1 were excluded from further evaluation because these animals
were thought to have been given injections incorrectly into the intestine.

For the comparison of tumor growth, 3 groups of animals (5-8
animals/group) were followed concurrently in each experiment. One
group of animals was left untreated, another received '"I -labeled Ag8,
and the third was given ml-labeled NP-4. In a separate study, the
influence of un labeled NP-4 (100 Â¿ig)on tumor growth was studied in
8 animals bearing 1-day tumors. Tumor measurements and body
weights were recorded weekly. Tumor size was measured in each animal
until either the tumor exceeded 5 cm3 or the tumor had ulcerated. On

the first day of tumor measurement, there were no significant differ
ences in the size of the tumor masses among the 3 groups. The
successive measurements of tumor size in each animal were compared
to the initial measurements and the average increases in tumor size
were graphed over time, as previously described (19). The percentage
of growth inhibition was calculated by

% growth inhibition = 100 - (Gt/Gc) x 100

where (/, is the average tumor size in the treated group (' "I labeled
NP-4 or Ag8) and Gcis the average tumor size in the untreated, control
animals.

Biodistribution Studies. The percentages of uptake in the tissues for
both NP-4 and Ag8 were determined in 2 separate experiments. In one
experiment, 50 nC\ (3-5 /Â¿g)of 13ll-labeled NP-4 were mixed with I-
125-Ag8 (25 fid; 3 /Â¿g)and injected i.p. into animals bearing 7-day old
GW-39 tumor transplanted in each cheek pouch. The animals were
sacrificed 1, 3, or 7 days later (5 animals/interval) and the radioactivity
in the tissues was calculated as described previously (20). In a separate
study, animals were given injections of 13ll-labeled NP-4 and sacrificed

1, 3, 7, and 14 days later. Blood clearance was studied in a separate
group of animals. Six animals were given injections i.p. of 10 /Â¿Ciof
13ll-labeled NP-4. Blood was taken by cardiac puncture at 0.08, 0.5, 1,

2, 6, 24, and 48 h. The blood clearance data from the biodistribution
studies for days 1, 3, 7, and 14 were added to these measurements to
determine the r....for the distribution and elimination phases.

Individual animals were also imaged 7 and 14 days after radioanti
body injection. A Gemini 700 (Technicare, Solon, OH) camera
equipped with a 5-mm aperture pinhole collimator was used. The
animals were anesthetized with sodium pentobarbital and were imaged
from the posterior side for a total of 25,000-100,000 counts.

Radiation Dosimetry. The radiation doses to the tumors and tissues
were calculated as described previously (12). Briefly, the absorbed doses
(D) are given by (2 1,22)

â€” rt)]

where D is the absorbed dose in rads to target organ K, Ã€ is the
cumulated activity in Â¿iCi-hin source region h, ;nk is the mass in g of
target organ k, np and p denote nonpenetrating and penetrating emis
sions, respectively, A is the mean energy emitted per unit cumulated
activity in g-rads/^Ci-h, and <t>is the absorbed fraction. The notation rk
Â«->rt denotes that the source and target are the same volume. For 13II,
the term in brackets is equal to 0.421 g-rad/itCi-h, assuming a uniformly
distributed source in a spherical configuration for the range of tissue
masses in this study (23, 24).

StatÃ¬stica!Analysis. Differences among the 3 experimental groups
were tested using a one-way analysis of variance with a one-tailed F test
and the nonparametric Kruski Wallis test (25).

RESULTS

Biodistribution Studies. Table 1 summarizes the percentage
of injected dose per gram and tumor/nontumor ratios found

with either NP-4 or Ag8 in 7-day-old GW-39 tumors. While
the percentages of injected dose per gram in the normal tissues
continued to decrease over time for both NP-4 and Ag8, the
percentages of NP-4 and Ag8 increased in the tumor between
days 1 and 3. Between days 3 and 7, the percentage of Ag8 in
the tumor dropped more rapidly than NP-4. However, Ag8 was
cleared more slowly than NP-4 from all other normal tissues
between days 3 and 7. This finding was confirmed by monitor
ing the loss in total body radioactivity using a dose calibrator,
as well as comparing the length of time required for imaging
the hamsters. The difference was not significant until day 7,
when there was about 2-3 times more radioactivity in the total
body of the Ag8 animals than the NP-4 animals. The effective
tv, values for 13II-labeledNP-4 were 16.1 and 46.6 h for the

distribution and elimination phases, respectively. Despite the
higher retention of Ag8 in the normal tissues, tumor/nontumor
ratios for NP-4 were 1.5-2.5 times higher than Ag8 on day 1
and continued to increase so that by day 7 tumor/nontumor
ratios for NP-4 were 10 times higher than Ag8.

By external scintigraphy, we found that smaller tumors could
be imaged with 131I-labeledNP-4 in comparison to 13lI-Ag8.
For example, as shown in Fig. 1, tumors as small as 0.02 cm3
could be imaged with NP-4, but we were only able to image
tumors given I31l-Ag8that were larger than 0.5 cm3. Unlike
NP-4, where tumors could be imaged both 7 and 14 days after
radioantibody injection, tumors visualized by external imaging
with Ag8 on day 7 were not seen by day 14 (Fig. 1). Thus,
external scintigraphy confirmed the tumor-specific targeting
and enhanced tumor retention of NP-4 in contrast to Ag8.

Therapy Studies. The results of the therapy studies are sum
marized in Fig. 2. The magnitude of the antitumor effect was
dependent on the age (size) of the tumor transplant at the time
the radioantibody was administered, the amount of radioactivity
administered, and the specificity of the antibody. Tumors that
were allowed only 1 day of growth were most susceptible to the
radioantibody treatment. With 0.5 mCi of 13ll-labeledNP-4, 1-

day old tumors initially were reduced in size and did not
significantly increase in tumor size until 42 days after treatment,
but thereafter showed a progressive increase in size. With 1.0
mCi of 13ll-labeled NP-4, 1-day old tumors did not change

significantly in size over 84 days. At the termination of this
group, sections of the masses remaining in the cheek pouch
were examined histologically. We found that the smaller masses
(less than 0.1 cm3) were devoid of any evidence of tumor,
whereas samples of larger masses (greater than 0.1 cm3)showed

extensive areas of nonviable tumor with smaller areas of viable
tumor cells (results not shown).

As the size of the tumor increased before the onset of therapy,
it became more difficult to inhibit progressive growth of the
tumor. As shown in Fig. 3, not all of the tumors in any of the
treatment groups responded to radioantibody therapy. A re
sponding tumor was defined as one that failed to show progres
sive growth amounting to an increase of at least 1.5 times the
initial size of the tumor over any 2-week period. Once a tumor
had exceeded this size and maintained progressive growth, it
was considered to be unresponsive to treatment. Using these
criteria, in the group of animals bearing 1-day-old tumors and
given 1 mCi of I31l-labeledNP-4, 55% of all tumors (6 of 11)

responded to treatment even at 12 weeks. Thus, even though
the average increase in tumor size for this group did not exceed
1.5 times the initial average tumor size (Fig. 2), there were
tumors within this group that did increase in size. For example,
2 of 11 tumors grew rapidly after 28 days and were eliminated
from further measurements on day 49 when the tumors had
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Table 1 Biodistribution ofNP-4 and Ag8 in hamsters bearing 7-day-old GW-ÃŒ9tumors
Tumors were 0.19 Â±0.04, 0.19 Â±0.03, 0.30 Â±0.05, and 0.41 Â±0.14 g on days 1, 3, 7, and 14, respectively, after injection of "'I-labeled NP-4/125I-labeled Ag8.

Values are means Â±SE.

TPI"(days)13714131I-Iabeled
NP-4TissueGW-39LiverSpleenKidneyLungsBloodGW-39LiverSpleenKidneyLungsBloodGW-39LiverSpleenKidneyLungsBloodGW-39LiverSpleenKidneyLungsBloodn10656662111111110113117171717171266666%

ID/g1.20

Â±0.2130.83
Â±0.0250.66
Â±0.0300.82

Â±0.1001.05
Â±0.0632.48

Â±0.0985.57

Â±0.5650.47
Â±0.0360.36
Â±0.0360.58
Â±0.0640.79
Â±0.0901.34

Â±0.1253.63

Â±0.3350.14
Â±0.0160.12
Â±0.0130.18
Â±0.0180.18
Â±0.0170.41

Â±0.0381.63

Â±0.3580.02
Â±0.0020.03
Â±0.0030.03
Â±0.0030.03
Â±0.0040.67
Â±0.011T/NT1.4

Â±0.221.9
Â±0.321.7

+0.391.2
+0.150.5
Â±0.0712.2

Â±1.4916.6
Â±2.3910.3
Â±1.647.9
Â±1.194.2
Â±0.5632.7

Â±4.9340.0
Â±7.5825.7
Â±4.2024.7
Â±4.5510.4
Â±1.68108.9

Â±34.6766.1
Â±17.9862.3
Â±17.7752.9
Â±15.5225.4
Â±7.84'"I-labeled

Ag8%

ID/g0.79

Â±0.0740.84
Â±0.0321.04

Â±0.0690.89
Â±0.1171.22

Â±0.0672.40
Â±0.0901.61

Â±0.100.60
Â±0.050.66
Â±0.070.73
Â±0.801.17

Â±0.161.56
Â±0.130.73

Â±0.0730.24
Â±0.0320.30

Â±0.0410.33
Â±0.0480.38
Â±0.0470.85
Â±0.108Not

determinedT/NT0.9

Â±0.100.8
Â±0.121.0
Â±0.230.7

Â±0.080.3
Â±0.042.7

Â±0.202.6
Â±0.232.3
Â±0.211.6

Â±0.201.0
Â±0.073.2

Â±0.292.8
Â±0.362.4
Â±0.272.1

Â±0.280.9
Â±0.10Not

determined

1TPI, time postradioantibody injection; % ID/g, percentage of injected dose per gram tissue; T/NT, tumor/nontumor ratios.

increased 6-fold over the initial measurement and became ul
cerated. An additional 2 tumors began to increase in size only
after 70 days. Initially these 4 tumors that eventually were
considered as nonresponders were greater than 0.3 cm3, whereas

most of the other tumors that remained responders were smaller
in size at the time of therapy. Overall, the highest percentage
of responders in all of the groups occurred within the first 2
weeks and NP-4 consistently had a higher proportion of re
sponders in all of the groups than Ag8.

Table 2 summarizes the percentage of growth-inhibition mea
sured 21 days after treatment. The specificity of the therapeutic
effect by NP-4, in contrast to Ag8, is apparent in all
instances. A significant therapeutic effect in comparison to
untreated animals was only observed with 0.5 and 1.0 mCi of
Ag8 in 1- and 4-day-old tumor transplants, but unlike 13II-
labeled NP-4, tumors eventually grew as rapidly as the un
treated group. Indeed, animals given 1.0 mCi 13II-labeled Ag8
progressed in size, reaching 2.0 cm3 within 32 days. We have
also separately studied un labeled NP-4 antibody (100 Â¿tg)in
animals bearing 1-day-old tumor transplants and have found
no influence on the growth of the tumors (data not shown).

Toxicity, as measured by the percentage of loss in body
weight, was the highest with 1.0 mCi of radioactivity (between
11 and 13% loss) with no significant difference between I3II-
labeled NP-4 or Ag8 (Fig. 4). The maximum loss in body weight
occurred within 7 days after treatment, with a rapid recovery
thereafter.

Radiological effects were determined by calculating the ra
diation dose to the tumors and organs. Data from the biodis-
tribution studies of Table 1 and the weights of all the tissues
were used to estimate the mean absorbed dose in rads to the
tumor and selected tissues (Table 3). A total dose of approxi
mately 1200 rads was delivered to the tumor with 0.5 mCi of
I3ll-labeled NP-4, whereas most of the major organs had almost

10 times less dose during the 14 day period. The lungs received
240 rads during this same time period. Since the biodistribution

studies for Ag8 were only followed for 7 days, a comparison of
the cumulative doses between Ag8 and NP-4 is given only for
7 days. By day 7,77% of the total cumulative dose to the tumor
calculated on day 14 for 13ll-labeled NP-4 was already achieved.
At this time, the tumors in animals given 13ll-labeled NP-4

received 3.6 times more radiation than the Ag8 animals, but
the rad dose to the normal tissues was slightly higher with Ag8
than with NP-4.

DISCUSSION
We have shown that a single injection of 131I-Iabeled, mouse

monoclonal anti-CEA antibody (NP-4) selectively inhibits the
growth of a human colonie tumor xenograft with minimal
toxicity to the host. These results confirm our original studies
showing that a single injection of '-"I-labeled goat anti-CEA

antibody retards tumor growth (12). In contrast to our previous
studies with 13ll-labeled goat anti-CEA IgG, where 0.5-mCi
doses did not significantly reduce the growth rate of 4-day-old
tumors, 0.5 mCi of I3ll-labeled NP-4 was able to reduce the
growth rate of 4-day-old GW-39 tumors by 84% on day 14, but
was unable to sustain growth inhibition. However, 1 mCi of
131I-labeled NP-4 or I31l-labeled goat anti-CEA had approxi

mately the same percentage of growth inhibition on day 14
when compared to untreated animals (80 and 70%, respec
tively). Although our previous studies indicate that the percent
age of tumor uptake of the goat antibody is about 1.5 times
lower than NP-4, we have recently compared the biodistribution
of the goat antibody to NP-4 in the GW-39 tumor-hamster
cheek pouch model and found no significant difference in the
percentage of tumor or normal tissue uptake.4 This finding

suggests that there would be no difference in the therapeutic
efficacy between NP-4 and the goat antibody. In addition, we
have investigated the therapeutic efficacy of another anti-CEA
MAb (NP-2) and have found results similar to those with goat

4 Unpublished results.
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Fig. 1. External scintigraphy of hamsters bearing d\\ .w tumors in each
cheek pouch. A, image taken 14 days after 13'I-labeled NP-4 (40,000 counts)
showing tumors of 0.05 cm3 (left) and 0.02 cm3 (right) clearly visible; B and C,
images of an animal given ' "I lulx-k-dNP-4 that was imaged on day 7 (B, 100,000
counts) and day 14 (C, 25,000 counts). Tumor sizes were 0.37 cm3 (left) and 0.26
cm3 (right) on day 7 and 0.90 cm3 (left) and 0.25 cm3 (right) on day 14; D and E,
images of an animal given 13ll-labeled Ag8 that was imaged on days 7 (I), 100,000
counts) and 14 (E, 25,000 counts). Tumor sizes were 0.54 cm3 (left) and 1.01 cm3
(right) on day 7 and 0.76 cm3 (left) and 1.2 cm3 (right) day 14.

DAYS POST INJECTION
Fig. 2. Influence of 0.5 and 1.0 mCi of "'I-labeled Ag8 (â€¢)or NP-4 (A) on

the growth of GW-39 tumors in the hamster cheek pouch. Tumors were trans
planted either 1, 4, or 7 days prior to treatment. A separate group of animals
transplanted in an identical manner was left untreated (O). Each group started
with 5-8 animals, each bearing 2 GW-39 tumors. Measurements were terminated
if fewer than 3 animals remained at any given time. The means Â±SE (bars) are
plotted for each group.

antibody (26). Because MAbs are easily prepared in larger
quantities than polyclonal antibodies, we are pursuing further
studies with NP-4 as well as other individual or combinations
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Fig. 3. Percentage of tumors responding to treatment as a function of time.

(â€¢),NP-4; (O), Ag8.

Table 2 Comparison of the percentage of inhibition of tumor growth 21 days
after treatment with 0.5 and 1.0 mCi of'" Â¡-labeledAgS or NP-4

% growth inhibition,
dav21Dose

(mCi)0.51.0Tumor
age(days)147147Ag849.862.5-8.4"93.223.1-89.8NP-494.491.953.998.178.878.7

'' Negative percentage refers to tumor progression in comparison to the un

treated controls.
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DAYS POST TREATMENT
Fig. 4. Toxicity of radioantibody treatment as monitored by the percentage of

change in body weight over time.

of anti-CEA antibodies in order to optimize therapeutic effi
cacy.

We calculated that the tumor received nearly 2400 rads over
14 days when 1 mCi of ml-labeled NP-4 was administered.

The standard medical internal radiation dose dosimetry scheme
used in this study gives reasonable first-order approximations
of organ doses. However, several assumptions limit its useful
ness, e.g., homogenous source distribution and total local ab
sorption of paniculate radiation. This latter assumption will
result in dose overestimation, especially in those organs having
dimensions smaller than the mean ÃŸranges of ' "I. Dose esti

mates in these cases may be obtained by various point source
functions or Monte Carlo techniques (27, 28). Since we have
shown that radiolabeled anti-CEA antibody predominantly lo
calizes in the outer perimeter of the GW-39 tumor (29), further
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Table 3 Mean cumulative absorbed doses in tissues assuming 0.5 mCi of m Â¡-labeledNP-4 or Ag8 was administered

Mean adsorbed dose"(rads)Day

1TissueTumor

Liver
Spleen
Kidney
LungsNP-427.2

44.2
30.2
51.9
87.2Ag819.444.2

48.4
47.9
29.9Day

3NP-4289.9

52.6
38.5
58.6
80.8Ag8119.7

60.1
66.5
66.5

108.9NP-4607.3

33.5
28.8
38.4
57.8Day

7Cumulative

dose924.4

130.3
97.5

148.9
225.8Ag8116.4

46.0
50.4
62.2
93.5Cumulative

dose255.5

150.0
165.3
176.6
232.3Day

14NP-4271.4

9.1
11.0
10.4
16.1Cumulative

dose1195.7

139.4
108.6
159.2
241.9

The mean adsorbed dose represents the cumulative dose within the time intervals, e.g., the dose at day 1 represents the total dose for the first 24 h; the dose at day
3 represents the total dose for days 1-3; the dose for day 7 represents the total dose for days 3-7, etc. The cumulative dose represents the total dose from the time of

injection.

studies are required to refine our dose estimates so that they
more accurately reflect the biological uptake of the radioanti-

body in the tumor.
The fact that smaller, less developed tumors are more suscep

tible to antibody-guided radiotherapy was not an unexpected
finding, because adsorbed radiation dose is inversely propor
tional to the mass (21, 22). In addition, since in comparison to
larger tumors, smaller tumors bind a higher proportion of
specific antibody than irrelevant IgG (30, 31), it is expected
that a specific antibody would be more effective than an irrele
vant IgG for eradicating small tumors. Although it is difficult
to extrapolate animal studies to a clinical setting, these results
predict that if given as a single injection, radioimmunotherapy
would be more effective in treating patients with a smaller
tumor burden than those with larger tumor masses. This may
be one explanation as to why some of the Phase I clinical trials
with '"I-labeled antibodies have shown limited mixed tumor

responses in patients with advanced gastrointestinal cancer
(32).5 In our Phase I clinical trial with I31l-labeled anti-CEA
MAb, we found that multiple small injections (50 mCi of 3-4
mg radiolabeled MAb given once/week for 4 consecutive weeks)
generally lead to the development of such a high titered human
anti-mouse antibody response after the second injection that
subsequent injections were cleared too rapidly to have a signif
icant therapeutic effect (32). This result may suggest that single,
larger doses of radiolabeled MAb given before the development
of human anti-mouse antibody may deliver a higher therapeutic
dose to the tumor. Further studies in experimental animals and
new clinical protocols are required to determine whether differ
ent injection schedules or antibodies labeled with radionuclides
that would increase the amount of absorbed radiation, perhaps
even combinations of radiotherapy with chemotherapy, will
improve our ability to inhibit the growth of larger tumor masses.

We are encouraged by the finding that tumor killing was
apparent in about 50% of the tumors in animals given 1 mCi
of radiolabeled NP-4 1 day after transplantation and that this
level of radioactivity only transiently reduced total body weight
by 13%. This finding suggests that we may be able to increase
the percentage of tumors responding to treatment with slightly
higher doses of radiolabeled antibody. Alternatively, an addi
tional dose of radioantibody may be administered at a later
time, e.g., when body weight is regained. These studies are now
in progress.

With one exception, most therapeutic studies with I31l-la-

beled antibodies in experimental animals have failed to inhibit
completely the growth of well-established tumors (13-15).
However, Cheung et al. (15) were able to ablate 0.5-2.0 cm3

neuroblastoma xenografts in nude mice with a single injection
of 1 mCi of 13ll-labeled 3F8 MAb. Whether these results are

' D. M. Goldenberg, personal communication.

due to a property of the antibody, the radiosensitivity of the
tumor, or some other factor, is unclear, but all of the current
experimental evidence indicates that radiolabeled antibodies
can be effectively used to inhibit tumor growth.

Since '"I is not as effective a therapeutic radionuclide as

other isotopes (32, 33), other radioconjugates are being pur
sued. One of the best candidates that can be coupled conven
iently to antibodies is 90Y.Although (t natowich et al. (34) have
successfully labeled antibody with 90Y, at least 2 studies have
reported some difficulty in using 90Y-labeled MAbs (35, 36).

Some of the difficulties included high uptake in normal tissues,
especially the liver, and problems associated with obtaining
high specific activity 90Y. In addition, """Yand its parent com
pound '"Sr are known to concentrate in the bone (37), but in

one experimental model, complete remission of leukemia was
observed at doses of '"Y that were not toxic (36). Although
each radionuclide-antibody-tumor system has advantages and
disadvantages, our findings suggest that early treatment of a
sensitive tumor using selectively localizing antitumor antibodies
conjugated with suitably cytotoxic radionuclides may provide a
useful new approach to the treatment of disseminated cancer.
However, many variables need to be assessed in both animal
studies and clinical trials, including tumor type and stage,
antigen target(s), single or mixed antibodies, antibody affinity,
radionuclide binding, specificity and stability of conjugate, and
radioantibody dose and dose schedule.
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