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The pharmacokinetics of two iodine-131- (**'l) labeled mu-
rine anti-rat colon carcinoma monoclonal antibodies (D3
and E4) were compared in normal Sprague Dawley rats,
syngeneic BDIX rats, or nude mice bearing that tumor.
Results of antibody uptake after i.v. administration were
analyzed in terms of accumulation and localization indices
for normal tissues and tumor. Statistically significant dif-
ferences between rat and mouse tissue biodistribution
were found. D3, which reacts in vitro with the tumor and
several normal rat tissues, cleared quickly from the blood
of rats and was specifically targeted to several normal
tissues, notably the lung. Virtually no targeting to the tumor
was observed. Nude mice, however, showed a slower
blood clearance and specific antibody targeting only in the
tumor. Similar results were seen after injection of another
antibody, E4, which is tumor-specific in vitro. Data suggest
that studies on the xenogeneic nude mouse model may
not necessarily be relevant to the choice of monoclonal
antibodies for clinical diagnostic imaging or therapy.
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'I‘he use of radionuclide-labeled antibodies to localize
tumors in vivo was reported 30 yr ago by Pressman (7).
Since then, several investigators have used polyclonal
antibodies raised in a variety of species as diagnostic or
therapeutic agents in oncology (2-5). With the advent
of monoclonal antibodies (MAbs), radioimmunodetec-
tion of tumors has been more widely implemented
clinically, with scattered reports of promising initial

Received April 5, 1989; revision accepted Jan. 9, 1990.

For reprints contact: Thomas Hoffman, MD, Laboratory of Cell Biology,
Division of Blood and Blood Products, Center for Biologics Evaluation and
Research, U.S. Food and Drug Administration, 8800 Rockville Pike, Be-
thesda, MD 20892.

1028

results (6-10). Most of the experimental data which
support clinical use, including therapeutic trials, are
based on in vitro reactivity and biodistribution studies
in nude mice engrafted with tumor (/1-13).

This paper compares the pharmacokinetics of mouse
MADbs against rat colon carcinoma in normal rats, nude
mice, or rats bearing a syngeneic colon carcinoma.
These studies address the lack of information on the
relevance of pharmacokinetics in a xenogeneic model
to those of syngeneic tumors. The differences observed
in these studies carry important implications for under-
standing the basis for successful clinical use of murine
MADbs for imaging and therapy of human cancers.

MATERIALS AND METHODS

Animals

BDIX rats were purchased from Centre National de la
Recherche Scientifique (Orleans, France) and were housed
and bred at the National Institutes of Health (NIH) animal
facility. Animals were 3-6 mo old when used. Sprague Dawley
rats and nude mice (6-12 wk old) were obtained from NIH.
Animals were provided ad libitum with NIH rat and mouse
ration (NIH-07) and tap water and kept in individual cages.
Three days before injection of radiolabeled antibodies, animals
were provided with 2% potassium iodide enriched water, in
order to saturate their thyroid with cold iodine.

Cell Lines

Rat colon adenocarcinoma DHD K12 TRb, (Trypsin-re-
sistant “TR”), was generously provided by F. Martin (Dijon,
France) (14). Cells were cultured in RPMI 1640 (Gibco Inc.,
Grand Island, NY) and were enriched with 10% fetal bovine
serum (Hyclone, Logan, UT) and 1% Penicillin-Streptomycin
(Gibco). To engraft animals, and to maintain cells in culture,
cells were detached from flasks by a 1-min incubation with a
solution of EDTA disodium salt (I mg/ml, Sigma, St. Louis,
MO) followed by 3 min of incubation with 1 mg/ml trypsin
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(Sigma) in Ca®*-Mg?*-free Hank’s balanced salt solution
(Gibco).

Monoclonal Antibodies

Murine monoclonal anti-colon carcinoma antibodies used
in this study have been described previously (15). E4 reacts
histochemically with TR tumor but not with normal tissues;
D3 demonstrates cross-reactivity between TR tumor and a
variety of normal rat tissues, including colon and lung. The
isotype-matched IgG,,. mouse MADb, 17.1A, (kindly provided
by Centocor Inc., Malvern, PA) was used as a control. 17.1A
reacts with a tumor-associated antigen of human colon carci-
noma and does not react with the rat tumor or with normal
rat or mouse tissues. Monoclonal antibodies were radiolabeled
with iodine-131 (**'I) (D3 and E4) or '*I (17.1A) by using
1,3,4,6-Tetrachloro-3a,6a-diphenilglycouril (Sigma, St Louis,
MO) as an oxidizing agent; following previously described
procedures under conditions where no loss of immunoreactiv-
ity was incurred (15). The specific activity varied between 1-
2 uCi/ug.

Pharmacokinetic Studies

For each experimental antibody (D3 or E4), 9 BDIX rats
or 9 nude mice received subcutaneous injections of 107 or
5x10° TR cells, respectively. Ten days later, tumor had
reached 170 = 19 mg and 43 + 12 mg (mean * s.e.m.) for
rats and mice, respectively. At this point, 50 ug (rat) or 10 ug
(mouse) of either '*'I-E4 or '*'I-D3 and the same amount of
1251.17.1A were injected (i.v.) into the anaesthetized animals.
Male rats were injected in the dorsal vein of the penis, while
females and nude mice were injected in a tail vein. One, 3, or
5 days after injection of labeled antibodies, three rats and
three mice, each previously injected with experimental anti-
body and control, were anaesthetized and blood samples were
drawn by cardiac puncture (rats) or eyebleeding (mice). Ani-
mals were killed by cervical dislocation, the organs were
resected, washed in phosphate-buffered saline (PBS), and care-
fully blotted dry. Organs were weighed and the radioactivities
of '*'I and '®I determined in a gamma counter (1218 Com-
pugamma, LKB, Bromma, Sweden). In the rat studies, one
animal of the Day 5 group was placed in a metabolic cage and
its urine recovered on Days 1, 3, and 5. The '*'I and '*1
radioactivities of a 1-ml aliquot were determined as described.

Calculations of the dose of radioactivity injected and the
percent of the dose per gram of tissue were performed as
follows: for both '*'I- and '*I-labeled antibodies, a standard
syringe was prepared together with the syringes to be used for
injection. The amount of radioactivity used did not allow a
direct determination of the dose injected by means of the
gamma counter, therefore the syringes were counted in a
gamma camera (Raytheon WB-1, Nuclear Diagnostic, Chi-
cago, IL) before the injection. Simultaneously with the injec-
tion of the animals, the content of the standard syringe was
transferred into 20 ml of PBS. All the empty syringes were
counted in the gamma camera again and the difference be-
tween the full and empty values was the injected dose, as
determined by the gamma camera. As the gamma counter
was used to measure the radioactivity incorporated in the
animal tissues, it was necessary to calculate the dose of radio-
activity injected that the gamma counter would measure. To
determine the factor that existed between the measurement of
the gamma camera and the gamma counter, three aliquots
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(1 ml) of the 20-ml standard solution were counted with the
tissues at each day studied. The average of these values was
used to calculate the dose of radioactivity transferred into
PBS, as determined by the gamma counter. This last value
permitted the calculation of the relationship between the two
counting devices and was used to calculate the injected dose
for each animal, as determined by the gamma counter. The
counting of the standard aliquots simultaneously with the
tissues at each day studied also corrected for the radioactive
decay.

Data Analysis

Results are expressed by calculating two different parame-
ters from the counting data. First, the accumulation index
(Al) is defined as the ratio between the percent of the injected
dose per gram (%ID/g) found in each tissue and the dilution
factor, equivalent to the theoretical value of %ID/g that would
be found in all the tissues if the dose injected were identically
distributed in the animal’s entire body. For example, in a
100-g animal, 1% of the injected dose would ideally be found
in each and every gram of tissue. Therefore, this factor is 100/
body weight. For the mice used in this study with an average
weight of 17 g, this value is 5.8; for the rats (average weight of
325 g) this value is 0.3. The Al allows comparison of the
antibody uptake by the tissues of animals of different weights
and corrects for the difference in volume of distribution in
animals of different size. The Al is an indication of the avidity
of a tissue for a given antibody: the Al is <1 in tissues in
which antibody uptake is not significantly different from the
uptake due to the dilution of the antibody through the body,
considering that some antibody has been eliminated through
the urine. An Al of 1 or greater in a given tissue means that
the antibody, regardless of its antigen specificity, accumulates
in that tissue.

The second parameter is the localization index (LI), first
described by Moshakis (/6) and defined as:

% dose/g relevant antibody (tissue)
% dose/g control antibody (tissue)
% dose/g relevant antibody (blood)
% dose/g control antibody (blood)

This parameter is a measure of the specificity of the anti-
body localization. It is designed to correct for immunoglobulin
uptake by organs which is not due to binding of the experi-
mental antibody to its intended antigen. This is achieved by
taking into account the “irrelevant” antibody. Since LI is
calculated as a ratio of tissue:blood of two antibodies in the
same animal, it is independent of the animal’s weight.

Trichloroacetic acid precipitation

To ensure that the radioactivity found in the tissues was
due to antibody and not to its catabolites or free iodine,
several organs from one animal of each day studied were
homogenized in a solution of 20% trichloroacetic acid in
water. The homogenized organs were centrifuged at 3,000 g
for 15 min and the precipitate and supernatant radioactivities
were counted.

Statistical Analysis

Analysis of variance was performed using BRIGHT STAT-
PAK (Bright Software, Rutgers, NJ). Bartlett’s F-test was used
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to determine the presence or absence of heterogeneity of
variance and Duncan’s multiple range test was used for statis-
tical comparisons between groups. Significance was accepted
at p < 0.05.

RESULTS

Pharmacokinetics of the Control Antibody 17.1A

Accumulation indices were calculated in mice and
rats for 17.1A used as a control antibody (Table 1 and
Figures 1 and 3). Nonspecific accumulation of murine
MAD occurred in rat and mouse tissues. Radiolabeled
17.1A was found in rat lung, kidney, spleen, and liver,
in addition to accumulating in tumor tissue. Nonspe-
cific antibody retention in mice occurred essentially in
the spleen and the tumor and, to some extent (Day 1
only), in skin, liver, and lung. Monoclonal antibody
cleared from the blood at a slower rate in rats than in
mice.

Pharmacokinetics of D3 Antibody

Accumulation and localization indices of the D3
antibody were calculated in tissues of normal Sprague
Dawley rats, and BDIX rats or nude mice engrafted
with the rat tumor. The biodistribution of D3 in normal
Sprague Dawley and tumor-bearing BDIX rats was
similar (data not shown). Al from several tissues were
different when rats and nude mice were compared (Fig.
1). More D3 accumulated in mouse blood, skin, liver
and spleen than in the respective rat tissues. Rat kidney
(Day 1), heart (all days), and lung (all days) accumula-
tion indices were significantly higher than in mice. The
difference in lung was most striking, with values ranging
from 58 (Day 1) to 20 (Day 5) in rat lung versus 0.85
(Day 1) and 0.25 (Day 5) in mice. The tumor accu-
mulation indices differed between tumor-bearing BDIX
rats and nude mice (p < 0.05). In BDIX rats, the index

was low, as compared with other organs, and decreased
with time (0.60, 0.32, and 0.30 on Days 1, 3 and 5,
respectively). In contrast to observations in rats, in nude
mice the tumor Als were significantly greater than those
of any other organ (3.69, 3.88, and 3.00 on Days 1, 3
and 5, respectively).

The differences in D3 biodistribution between BDIX
rats and nude mice became more conspicuous when
the localization indices were examined. With the excep-
tion of the liver, the LIs of all the rat organs (Fig. 2A)
were greater than those of the tumor during the three
days studied. In general, for all tissues including tumor,
the value was >1, indicating a preferential specific
uptake of D3 as compared to the control antibody,
17.1A, by the majority of rat tissues. In contrast, the
tumor LI in nude mice (Fig. 2B) was the highest of all
murine tissues. The LIs in normal tissues of nude mice
were slightly less than one, indicating the absence of a
preferential uptake of D3 over the control antibody in
this model.

Statistical analysis indicated that all murine tissues,
except skin and liver, showed significantly different LI
from those of rat tissues on all days. In contrast to the
difference between tumor and normal tissue in nude
mice, at no time did rat tumor LI differ from rat tissue
LI

Pharmacokinetics of E4 Antibody

Accumulation and localization indices of E4 also
were calculated in normal Sprague Dawley rats, and
tumor-bearing BDIX rats or nude mice. In spite of
preferential reactivity of E4 with the tumor and metas-
tases by immunohistochemical analysis (/5), high ac-
cumulation indices were found in the liver, stomach,
and lung of BDIX rats, as well as in the tumor (Fig.

TABLE 1
17.1A Accumulation Indices in BDIX Rats or Nude Mice
BDIX Rats Nude Mice
Organ Day 1 Day 2 Day 3 Day 1 Day 2 Day 3
Blood 55+21 41+16 34+14 30+18 25+13 08+09
Skin 07+0.7 08+0.1 09+0.2 15+04 07+04 04+04
Muscle 04+04 0.2+0.1 03+0.1 03+0.1 0.2+0.1 0.1+0.1
Liver 10+£04 07+0.2 06+0.2 13106 0.7+0.2 03+0.1
Kidney 15+£0.6 1.0+ 04 0805 1.0+ 05 06+03 02+0.2
Colon 06+02 03+0.1 03+0.1 09+05 05+0.1 0.2+0.1
Spleen 12+04 07+02 0.6 +£0.1 29+16 1.7+ 09 0805
Stomach 0.7+0.2 0.7+0.7 0.3+0.1 0.6 +0.3 03+0.1 02+02
Heart 12+04 1.0+ 04 08+03 07+03 05+0.2 02+0.2
Lung 1.9+07 19+0.9 14+04 12+ 06 08+04 03+03
Bone 0.2+0.1 02+04 02+08 0.6+0.3 05+0.1 02+0.1
Brain 0.1 +0.1 0101 0.1 +£0.1 0.1+0.1 0.1+0.1 0.1+0.1
Tumor 1.5+0.6 21+05 1.7+£07 31+15 30+1.2 1.0+ 05

+ = standard deviation (n = 6).
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FIGURE 1

Comparison of D3 accumulation indices in tumor-bearing
BDIX rats (A) and tumor-bearing nude mice (B). Bars represent
the average of the values obtained with three animals injected
with experimental antibody and six injected with control at
each time point. The s.d. of the pooled Al data from all days
was 0.67. Abbreviations: bl = blood; sk = skin; mu = muscile;
li = liver; ki = kidney; co = colon; sp = spleen; st = stomach;
he = heart; lu = lung; bo = bone; br = brain; and tu = tumor.

3A). These organs from Sprague-Dawley rats also
showed high Al values (data not shown).

Several differences in E4 biodistribution were ob-
served between tumor-bearing BDIX rats and nude
mice. Over the period studied, Al in nude mice (Fig.
3B) were greater than Al of BDIX rats in blood and
spleen (p < 0.05), bone, and tumor, and smaller in liver
(p < 0.05), heart, and lung (p < 0.05; Day 3, Day 5).
In BDIX rats, the Al of the tumor was the highest value
found on Day 1. However, on Days 3 and 5, the lung
had greater Al values than the tumor. In contrast, tumor
Al in nude mice were the highest throughout the entire
period studied (p < 0.05).

As in the case of D3 antibody, the differences in the
biodistribution of E4 between BDIX rats and nude mice
become more prominent when localization indices were
examined. In this case, however, only the liver on Days
1 and 3, the colon, stomach, and lung on Days 3 and
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FIGURE 2

Comparison of D3 localization indices in tumor-bearing BDIX
rats (A) and tumor-bearing nude mice (B). Bars represent the
average of three individual values. The s.d. of the pooled Al
data from all days was 1.19. The tissue abbreviations are
explained in Figure 1.

5, and the kidney on Day 5 showed greater LI than the
tumor. LI values of all rat tissues were >1, indicating a
specific uptake of E4 as compared to 17.1A. In nude
mice (Fig. 4B), tumor LIs were higher than those of the
other tissues on Days 1 and 3, but not on Day 5, where
it dropped below 1, reflecting the absence of prolonged
targeting of the antibody at the tumor site. For most
mouse tissues, LIs were around one or slightly lower,
indicating no discrimination between E4 and 17.1A
uptake by these tissues. Statistical analysis identical to
that applied to D3 showed that mouse and rat tissues
differed significantly throughout the study. On Day 1,
however, kidney and brain were not different. Bone,
brain, kidney, and spleen were not found different on
Day 3 and Day 5. Rat tumor LI differed from other rat
organs only on Day 1 (except for liver). We conclude
that, while greater tumor accumulation occurred using
E4 than D3, in neither case was the nude mouse model
predictive of the results in the syngeneic model.
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FIGURE 3

Comparison of E4 accumulation indices in tumor-bearing BDIX
rats (A) and tumor-bearing nude mice (B). Bars represent the
average of the values obtained with three animals injected
with experimental antibody and six injected with control at
each time point. The s.d. of the pooled Al data from all days
was 0.97. The tissue abbreviations are explained in Figure 1.

Trichloroacetic Acid Precipitation

Table 2 shows the results of trichloroacetic acid pre-
cipitation of several rat and mouse tissues one to five
days after the injection of the radiolabeled antibodies.
The amount of precipitable radioactivity in the tissues
was >90% (lower limit of 95% confidence interval of
the mean of 96.8 = 3.4 of all determinations). This
indicates that no catabolites or free iodine was being
measured. In the urine, however, the amount of precip-
itable radioactivity was very small, indicating that the
radioactive antibody was eliminated after its catabo-
lism. The only exception was seen in the urine re-
covered on Day 1 of one BDIX rat injected with E4
and 17.1A, which showed 16.8% precipitable radioac-
tivity for E4 and 15.6% for 17.1A. These results indicate
that a considerable amount of antibody is eliminated
by urine without total degradation. In addition, some-
what <90% of iodine radioactivity was occasionally
found in the stomach at Day 1, probably reflecting
metabolism of free iodine through the gastric mucosa.
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FIGURE 4

Comparison of E4 localization indices in tumor-bearing BDIX
rats (A) and tumor-bearing nude mice (B). Data are the average
of three individual values. The s.d. of the pooled Al data from
all days was 1.47. The tissue abbreviations are explained in
Figure 1.

DISCUSSION

The pharmacokinetic studies reported here point up
important considerations for the use of xenogeneic
MAbs in a syngeneic host-tumor system. Murine mono-
clonal antibodies may accumulate in normal tissues,
irrespective of their binding to specific antigen. Anti-
body distribution into various organs may differ be-
tween species as a function of a variety of factors,
including: body mass, blood flow to various organs, as
well as specific antigen targeting.

Two anti-rat colon carcinoma antibodies, each raised
against the same tumor cell line, localized identically in
rat tumors transplanted in nude mice. When injected
into rats bearing the tumor to which the antibodies had
been raised, these same two antibodies were taken up
by a variety of normal tissues (in slightly different
fashion from one another), as well as by the tumor.
Similar targeting to normal tissues was also seen in
another rat strain, indicating that this binding of xeno-
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TABLE 2
Percentage of TCA-Precipitable Radioactivity in Rat or Mouse Tissues After Injection of lodine-Labeled Monocional

Antibodies
D3 E4 171A
Tissue Normal B8DIX Nude Normal BDIX Nude BDIX Nude
Blood 980+15 987+02 974+15 884+48 952+36 993+03 987x11 991106
Muscle ND 99.1 £ 0.6 ND ND ND ND 98.6 +£ 0.8 ND
Liver 924+52 958+13 983+06 992+01 99.1+02 985+01 978+21 985x+0.1
Kidney 982+18 983+02 963+28 963+12 949+30 97414 970+23 97.0+06
Colon 973+18 97712 979+03 985%x15 963+28 983+03 994+43 98401
Spleen ND 976+06 99.1+0.1 ND ND 987+04 982+03 99.1+0.1
Stomach 93177 904%+15 909+31 978+25 91858 904+61 892+67 915+16
Lung 998+01 998+05 969+23 992+08 984+15 980x11 956x33 97901
Brain 98.0 + 2.1 ND ND 99.0+ 1.0 ND ND ND ND
Urine 40+13 33+08 ND 4802 9.8+6.0 ND 82+64 ND
Tumor — 932+04 970x14 —_ ND ND 984+05 985+03

ND = not determined.
+ = standard deviation.

geneic monoclonal antibodies may be a general phe-
nomenon not limited to this particular strain or model.

The differences found between rat and mouse phar-
macokinetics and targeting of the antibodies may be
due in part to the expression of tumor or cross-reactive
antigens on the normal rat tissues to which the antibod-
ies are able to bind. As a consequence, antibodies are
directed to different tissues, depending on antigen
expression, accessibility, or tissue distribution of the
antigens. In nude mice, the only tissue expressing the
antigens to which D3 and E4 react is the transplanted
(xenogeneic) tumor; the distribution of both antibodies
in normal mouse tissues is identical, and only tumor is
specifically targeted. However, these results in nude
mice do not allow one to conclude that murine MAbs
similar to D3 and E4 have a tumor specificity appro-
priate for use in rats or, moreover, in a less evolution-
arily related syngeneic system.

The LI is generally used to determine the specificity
of antibody targeting in vivo (/6); LI >1 indicates such
specificity. Most rat tissues show localization indices
>1 for both antibodies (the exceptions are tumor and
liver in the case of D3). This may indicate real specific
targeting of the antibodies to virtually all rat tissues.
However, other factors may also account for LI values
higher than 1. The LI actually corresponds to the divi-
sion of tissue/blood ratio for specific antibody by the
same ratio for the nonspecific antibody. The utility of
this index is based on the assumption that the general
distribution of an injected antibody is only dependent
on its blood concentration. In our case, the presence of
cross-reactive antigens in some rat tissues results in a
decrease of D3 and E4 concentration in blood, unlike
that which occurs for 17.1A. This decrease may happen
more quickly than the decline in the concentration of
these antibodies from the extravascular and extracellu-
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lar space. As a consequence, differences in blood levels
of specific and nonspecific antibodies will artificially
increase LI values in some organs, even those binding
very few tumor-directed antibody molecules. For ex-
ample, brain tissue, which would not be expected to
interact with injected D3 or E4, and did not retain these
antibodies in excess of the nonspecific antibody in vivo
(AI were similar), showed LI values clearly above 1 for
both antibodies. It is likely that only for LI values much
higher than those observed for the brain does the LI
truly indicate specific targeting. In several rat tissues
(muscle, colon, heart, lung for D3, and muscle, liver,
colon, stomach, and lung for E4), the extremely ele-
vated LIs clearly indicate a specific targeting of the
respective antibodies to these tissues. Data in the nude
mouse showed similar biodistribution of both specific
and control antibodies in blood and other normal tis-
sues, except the engrafted rat tumor. Therefore, LI
values of around 1 were found for all normal tissues
except tumor. In this case, use of LI >1 is meaningful
and useful because no antigenic competition between
tumor and other tissues occurs.

Previous studies (/5) have shown that D3 antibody
reacts strongly in vitro with a variety of normal rat
tissues, including stomach, small intestine, and colon
epitheliums; and, less strongly, with the bronchial epi-
thelium and alveolar walls, bladder, myocardium, and
skeletal muscle. Therefore, to a certain extent, the bio-
distribution data might not be unanticipated. E4, on
the other hand, gave an intense histochemical reaction
only with primary or metastatic tumor, although it also
reacts faintly with stomach, small intestine, colon and
lung. Other tissues are completely negative with respect
to E4 binding. In this case, not dissimilar from a num-
ber of anti-colon carcinoma antibodies in investiga-
tional studies (proprietary information submitted to the

1033



FDA in Investigation New Drug applications), the bio-
distribution data would not have been predicted. The
comparison of these results with the biodistribution of
D3 and E4 in vivo indicates that no clear correlation
can be established between in vitro reactivity and in
vivo targeting of these antibodies. For example, lung
stains in vitro with D3, and takes up the antibody in
vivo. However, differences between the intensity of in
vitro staining and the degree of in vivo uptake were
noted. Skeletal muscle and myocardium stained slightly
for D3, but, after the lung, were the tissues most tar-
geted. In the case of E4, liver, which was negative in
vitro, retained as much antibody as did lung. Differ-
ences in vascularization resulting in enhanced accessi-
bility of circulating antibodies to antigenic sites dis-
played on the surface of the tissue cells and metabolic
fate of the antibodies may account for these differences,
as suggested by Ballou (/7). Experiments using F(ab’),
fragments showed similar tissue distribution to that of
the whole antibodies (data not shown), ruling out Fc
receptor binding as an explanation.

Our results indicate that conclusions drawn from a
xenogeneic model regarding the biodistribution of tu-
mor-specific murine MAbs do not necessarily apply to
syngeneic models, particularly when animals of differ-
ing size are compared. The situation found in our rat
model may be more comparable to that of patients with
colorectal carcinoma who have been injected with
MADs that have been selected by using the nude mouse
model. Similarly, in patients with neuroblastomas or
gliomas, Jones (18) has reported major differences with
the findings in nude mice regarding quantitative anti-
body targeting, half-life, and blood values, as well as
vascularization and accessibility. He concluded that the
mouse xenograft model had actually very little similar-
ity with the data obtained in humans. Our results also
strongly support the idea that other animal models,
more appropriate to each clinical situation and tumor
type, are needed in order to obtain clinically pertinent
information to the selection of monoclonal antibodies
as candidates for imaging and therapy in humans.

ACKNOWLEDGMENTS

We appreciate the valuable comments of B. Ballou, D.M.
Goldenberg, and R. Sharkey. The statistical consultation of S.
Rostoghi is gratefully acknowledged.
REFERENCES

1. Pressman D, Day ED, Blau M. The use of paired labeling in
the determination of tumor localizing antibodies. Cancer Res

1034

13.

14.

15.

16.

17.

18.

1957; 17:845.

. Goldenberg MD, DeLand F, Kim E, et al. Use of radiolabeled

antibodies to carcinoembryonic antigen for detection and
localization of diverse cancers by external photoscanning. N
Engl J Med 1978; 298:1384.

. Mach JP, Carrel S, Forni M, Ritschard J, Donath A, Alberto

P. Tumor localization of radiolabeled antibodies against car-
cinoembryonic patients with carcinoma. N Engl J Med 1981,
303:5.

. Primus FJ, MacDonald R, Goldenberg DM, Hansen HJ.

Tumor detection and localization with purified antibodies to
carcinoembryonic antigen. Cancer Res 1977; 37:1544.

. Order SE, Klein JL, Ettinger D, Alderson P, Siegelman S,

Leichner P. Use of isotopic immunoglobulin in therapy.
Cancer Res 1980; 40:3001.

. Chatal JF, Saccavini JC, Fumoleau P, et al. Inmunoscintig-

raphy of colon carcinoma. J Nucl Med 1984; 25:307.

. Farrands PA, Perkins AC, Pimm MYV, et al. Radioimmuno-

detection of human colorectal cancers by an anti-tumor
monoclonal antibody. Lancet 1982 ii:387.

. Larson SM, Brown JP, Wright PW, Carrasquillo JA, Hell-

strom I, Hellstrom KE. Imaging of melanoma with '*'I-
labelled monoclonal antibodies. J Nucl Med 1982; 24:123.

. Mach JP, Chatal JF, Lumbroso JD, et al. Tumor localization

in patients by radiolabeled monoclonal antibodies against
colon carcinoma. Cancer Res 1983; 43:5593.

. Epenetos AA, Mather S, Granowska M, et al. Targeting of

iodine-123 labeled tumour associated monoclonal antibodies
to ovarian, breast, and gastrointestinal tumours. Lancet 1982;
ii:999.

. Colcher D, Zalutski M, Kaplan W, Kufe D, Austin F, Schlom

J. Radiolocalization of human mammary tumors in athymic
mice by a monoclonal antibody. Cancer Res 1983; 43:736.

. Douillard JY, Chatal JF, Saccavini JC, et al. Pharmacokinetic

study of radiolabeled anti-colorectal carcinoma monoclonal
antibodies in tumor-bearing nude mice. J Nuc/ Med 1985;
11:107.

Buchegger F, Haskell CM, Schreyer M, et al. Radiolabeled
fragments of monoclonal antibodies against carcinoem-
bryonic antigen for localization of human colon carcinoma
grafted into nude mice. J Exp Med 1983; 158:413.

Martin F, Caignard A, Jeannin JF, Leclerc A, Martin M.
Selection by Trypsin of two sublines of rat colon cancer cells
forming progressive or regressive tumors. Int J Cancer 1983;
32:623.

Douillard JY, Laborda J, Burg C, Ridge J, Levenbook I,
Hoffman T. Monoclonal antibodies to a rat colon carcinoma:
a model for monoclonal antibody therapy of solid tumors.
Cancer Res 1989; 49:687.

Moshakis V, Mcllhinney R, Raghavan D, Neville AM. Mono-
clonal antibodies to detect human tumours: an experimental
approach. J Clin Pathol 1981; 34:314.

Ballou B, Jaffe R, Taylor RJ, Solter D, Hakala TR. Tumor
radioimmunolocation: differential antibody retention by an-
tigenic normal tissue and tumor. J Immunol 1984; 132:
(4):2111.

Jones DH, Lashford LS, Dicks-Mireux C, Kemshead JT.
Comparison of pharmacokinetics of radiolabeled monoclonal
antibody UJ13A in patients and animal models. NCI Monogr
1987; 3:125.

The Journal of Nuclear Medicine ¢ Vol. 31 « No. 6 ¢ June 1990





