
successful application of monoclonal antibodies
(MAb) for radioimmunoimaging and therapyof human
tumors, regardless of tumor localization, requires a
proper knowledge of the kinetics of the MAb distribu
tion, the affinity of the antibody to the antigen, and its
localization.

New monoclonal antibodies are continuously intro
duced, and a reliable and reproducible animal model
for in vivo testing is urgently needed. The nude mouse
is very susceptible to low grade infections and surgical
procedures are difficult to carry out (1). An optimal
experimental animal should be large enough to discrim
mate well between tissue areas for quantitative scintil
lation camera imaging, tolerate repeated blood sam
pling, surgical manipulations, and selective injections
of monoclonal antibodies. In addition, it is desirable
that detailed biokinetics can be evaluated including,
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i.e., the lymph nodes and the bone marrow, necessary
for compartment analysis and absorbed dose calcula
tions, and that a correction for the blood content of
labeled antibody in tissues could be made.

Different in vivo animal models for testing tumor
antibody specificity have been published (2-7). All
these models use the heterotransplanted nude mouse.
However, in most human studies with radiolabeled
antibodies, the highly promising results from experi
ments in the nude mice could not be reproduced (8-
11). The tumor uptake of antibodies was much lower
in patients than in the nude mouse and the tumor-to
background ratio was relatively low, often less than two.

In this paper we present the basic data for our nude
rat model that overcomes much of the difficulties in
the nude mouse model.

It is crucial to define accurately the type of uptake
that is evaluated in the experiments. In most papers,
the specific tissue uptake (STU) reported consists of a
sum of the corrected specific tissue uptake (STU@)
and the activity present in the blood. We describe here
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A tumormodelis presentedto study the biokineticsand localizationof radiolabeled
monoclonalantibodies (MAb)in the nude rat (Rowett RNu/RNu)heterotranspianted with
human melanoma metastases. The nude rat is larger, less sensitive, and lives longer than the
nude mouse. It is, therefore, well suited for in vivostudies of tumor localizationwith
radiolabeled monoclonal antibodies. The tumor-to-host weight ratio was closer to the human
situation for the nude rat than for the mouse, and quantitative imagingcould be performed
with a parallel hole collimator. We followed the antibody biokinetics for as long as 8 days, with
repeated blood sampling and imaging.Specific uptake of MAbwas higher in tumor tissue
than in allother tissues except blood. Initialhigh uptake was also recorded in the bone
marrow. The lymphglands showed a slow uptake of specific and control antibody. A simple in
vitrocorrection procedure is described to calculate the corrected specific tissue uptake
(STU@)that takes the blood activityinto account. Thus it was shown that 80% of the tissue
uptake in the dissected liverat 30 hr was due to labeled antibodies circulatingin the blood.
The specific tissue uptake ratio of antibodies 96.5 and 0KT3 (nonspecificcontrol) was unity
for all other organs except for tumor tissue, where the ratio was greater than two and even
higher when correction for blood content of labeled antibody was made.
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a simple correction method to evaluate the corrected
specific tissue uptake in our nude rat model.

MATERIAL AND METhODS

The NudeRat
Nude rats (Rowett RNu/RNu strain), 2-3 mo of age, with

a weightof2i0 Â±25 g wereused (12). The rats are bred and
kept in cageswith filter taps and provided with autoclaved
feed pellets,sterilizeddrinking water ad libitum, and sterile
wood granulate bedding in a temperature controlied unit
receivingparticlefilteredair. Duringthe experiments(â€˜..â€˜lwk),
the rats were kept outside the sterile atmosphere in special
cages with an air filter. The animals were anesthetized with
ether and 0.5-1 ml ofblood was withdrawnfrom the penor
bitai venous plexa four to five times during the week, without
any signs of negative effects.

Tumor
A tumor biopsy was taken from a patient with melanoma

metastases.Under sterile conditions the tumor was cleaned
from connective and necrotic tissue and put into sterile Ringer
solution. The tumor specimen was then meshed into a cell
suspension that was injected at different locations in the
animal. Tumor growth was established by serial passages in
the rat. Thetumors reportedhereareall fromthe samepassage
and all animals received a tumor on each thigh; intramuscu
larly (right) and subcutaneously (left). In general, the tumor
growthwaslocallyinvasivewithoutany distant tumor spread.
In this studyanimalswereinjectedwith antibodies 1wk after
tumor inoculation when the tumor wasjust palpable.

MonoclonalAntibody
The monoclonal antibody reportedhere was the 96.5 (IgG

2a) specific for p97, a cell surface glycoprotein with the
molecular weight of 97,000, present in 60-80% of human
melanoma but only in trace amounts in normal tissues (13).
(MAbs supplied by Drs. Ingegerd and Karl-Erik HellstrÃ¶m,
Oncogen, Seattle, WA) Antibodies were purified from ascites
fluid of mice, bearing hybridoma ascitestumors, by affinity
chromatographyon a Protein A SepharoseCL-4B column
(Pharmacia Uppsala, Sweden) with a stepwise pH gradient
elution (13,14). The purityofthe monoclonal antibodieswere
estimated by agarose electrophoresis. The antibodies were
stored at â€”70Â°C.

Monoclonal antibody OKT3 (IgGl, specific for T-cell an
tigen,not presentin thesenude rate lackingthymus)wasused
as a nonspecificcontrol (15).

Immunohistochemical @,
The bindingof mouse monoclonalantibodiesto antigens,

expressed in xenografts of human melanoma in the nude rat,
was demonstrated in a modifiedbiotin-avidinbased immu
nohistochemical assay (16). Briefly, the primary antibody was
incubated on frozen tissue sections for 1 hr. This and succes
sive incubations were performed at room temperature. After
washing the sections, the second biotinylated antibody was
incubated for one-half hour. To reduce background staining
as a result of the presenceof endogenousrat Ig in the tissue,
a monoclonal rat anti-mouse Ig (light chains) antibody was
used in this step. The sections were washed again and a
streptavidin biotinylated peroxidase complex was added and

incubated for one-half hour. After washing, the substrate
solution (diaminobenzidine)was added and sections incu
bated for 15mm. The sectionswerewashedwith ether, dried
and mounted directlyor counter stained with Giemsa before
counting.

Antibody Labeling
The monoclonalantibody 96.5 (350 @g)was labeledwith

37 MBq iodine-l25 (125!)(the iodine solution contained 3 x
l016 iodine ions per ml), using the Chloramine-T method
(1 7). By elution on a Sephadex G 25 column (Pharmacia PD
lO)the peak fractions oflabeled protein were eluated and used
for the experiments. The labeling efficiency of the $25!96.5
MAb was 70%. The antibody was labeled with less than one
iodine atom per molecule, thus not interfering with the im
munoreactivity(18).TheantibodyOKT3(300 @g)waslabeled
accordingly with â€˜@â€˜I(25 MBq).

Cell BindingAssay
The binding of the labeled antibodies to a suspension of

cultured melanoma cells H-1477 (Mel-28) was tested by the
direct binding assay described by Brown et al. (15). Briefly, 2
x 106trypsinized melanoma or control cells were incubated
with 20 ng of labeledantibody in 100 @ilof PBS (phosphate
buffered saline) with 1% BSA(bovine serum albumin) and
0.01% NaN3 for 1 hr at 0Â°C.Cells were washed twice and
bound activity counted. The antibody activity of the labeled
protein was expressedas the ratio of bound and total added
activity. By precedingtitrations it was shown that the number
of cells used representeda largeantigen excess.The binding
oflabeled antibody to cultured melanoma cells (Mel 28), was
62%, implicatingthat the binding capacityto the melanoma
antigen p97 was retained.

Red Blood Cell Labeling
The blood volume was calculated by technetium-99m

(@â€œTc)labeling of red blood cells (RBC) in vivo (19) and
determinedpostmortem in the differenttissuesamples.Four
hours before the animal was killed, the RBC labeling was
performed by i.v. injection ofO.5 @igSn2@ion solution (10 mg
SnC12diluted in 10 ml saline with HG at pH 2.0). After 10 to
is mmincubation,@â€œTcO4(10MBq)(freshiyeluated)was
injected intravenously. Labeling efficiency was 90%, deter
mined by measuring the 99mTcactivity in the red blood cells
and in the plasma, 15-30 mm after injection.

Experimental Design
Through a groin incision,the superficialfemoralvein was

exposedand punctured, and the labeledantibodieswere in
jected, thus minimizing extravascular deposits. The mean
amount ofantibody 96.5 injectedwas45 @ig(40-49gig),which
correspondsto @@-5MBq 125!and for OKT3, injected sepa
rately,26.5 Â±7 @igcorrespondingto 0.5 MBq.Bloodsamples
were taken from the periorbital venous plexa at regular inter
vals and the plasma and red blood cells were separated by
centrifugation. The rats were killed at different times (6 -200
hr) following the injection of labeled antibodies, with an
overdoseof ether. Tumors, liver, spleen, lungs, kidneys,and
muscles (samples from four different locations in each rat)
were then removed. In addition, ten separate lymph nodes
were dissected (bilaterally the popliteal, inguinal and two
axillary nodes, as well as one retroperitoneal and one node
from the hilus of the liver).The bone marrow was aspirated
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from the cut femoralbone with a sterile needle and syringe weredissectedin the same way as the rats and radioactivity
avoiding contamination. Samples of the marrow in the ster
num was also taken. The rats were not bled and the different
organs and tissues were not washed. Each tissue sample was
weighed, m@(g), and measured in an automatic NaI(Tl)
gamma counter for radioactivitycontent, A3(MBq).

The feasibilityoftumor imagingwitha scintillationcamera
with parallel holes or a pin hole collimator in different hosts
was evaluated by inoculating 22 nude mice in parallel exper
iments with the same tumor suspension from the same passage
as used in the nude rats. The mice were injected through the
tail veinwith the same labeledantibody96.5,4 @g(range 1.2-
7.7 pg), and imaged and killed at intervals during 100 hr. Mice

content measured in tissue.

Corrected Specific Tissue Uptake (STU@)
The commonly calculated specific tissue uptake (STh),

Am.t('251) for 1251965 MAb, is calculated by dividing A@(125!)
withm3,thus

Am@(125 I) = A@(i25 l)/m@ (MBqJg).

Knowingthe @â€œTc-RBCspecificactivityin the blood,Am,
blood (99mTc) and the total @mTc@activityin the tissue
A@(@mTc),then the mass ofthe blood@ is calculated by

mbl@ = A@(99mTc)/A (99mTc)(g)
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TABLEIRelative
Blood Flow Measured by lntracardial Injection of

141@ Microsphares in the Nude RatHaterotransplantedwith

MalignantMelanoma (n=9)Organ
MeanÂ±s.d.

The blood activity in the tissue from 1251..96.5MAb,
A@j'25I), can then be evaluatedwhen knowingthe specific
activity in the blood, Am,blood (125!)as

@ (1251)=@ (1251)x@

The corrected specific tissue uptake (STU@) is then,

A 1125T\ A i125
IA j12S@@i â€”@ â€˜)@ â€œb1ood@

L m.t@ JJcon@â€” m@ â€”

This calculation takes two important factors into account,
first the activity in the blood as a result oflabeled antibodies,
and secondthe massofblood in each samplemeasured.

BloodFlowMeasurements
Relativetumor and tissueblood flowin the nude rat was

determined by injecting cerium-l4l- (â€˜41Ce)labeled nonbio
degradable microspheres (16.5 @m,DuPont Company, No.
Billerica, MA), through an intraarterialcatheter through the
carotid artery,with the tip of the catheter in the left ventricle
of the heart. The sphereswere injected during 20 sec. The
animals were then killed and tumor and organs dissected and
counted for activityuptake. Animalswere excludedwhen a
20% difference in uptake between the kidneys was present.
Bloodflowvalueswerecalculatedwith referenceto the renal
values.

Scintillationcamerameasurements
The nude rat and the nude mouse models were compared

with respectto in vivo detectabilityby imagingthe animals
using either a parallel hole (32,000 holes, low energy)or a
pinholecoffimator.A standard scintillationcamera (General
Electric Maxi Camera I, GE, Milwaukee, WI) was used con
nected to a computer for storage ofimages(Gamma 11,Digital
EquipmentCorp.).To compare the spatial resolutionfor the
two collimators a line source phantom was imaged.

For 125!96.5 MAb biokinetics, static images (sampling
time 15min)were taken at regulatintervalswiththe rat under
ether anesthesia in supine position on the collimator face. A
25%energywindowwascenteredoverthe 28-keVphoto peak
for 1L@1@In the digital image, regions of interest (ROIs) were
selected and the count rate subsequently estimated. The tumor
uptake was calculated from the tumor RO! subtracted with
background ROl normalized to the same area as the tumor,
and divided by the total count rate (100%) in the rat. Back
ground wereselectedover the musclesin the shoulderregion
with approximatelythe same musclevolumesurroundingthe
tumor in the thigh.

Followinglabelingofthe RBCswith @â€œTc,an imageof the
blood pool was taken with the nude rat in the same position
on the scintillation camera using a 25% energy window cen
tered over the 140-keV photo peak.

The count rate in the 28-keY(125!)windowfrom â€˜@@!was
6% of the count rate in the 365-keV(â€˜@â€˜I)window for the
parallel hole collimator.

RESULTS

Tumor

3 to 4 wk. The melanoma grafts used, retained their
histology and antigenic activity through repeated pas
sages (>10), and the tumor take was 100% without any
pretreatment. The mean passage time was 2 wk.

All tumors in this experiment were from the same
passage. The intramuscularly implanted tumors
reached a median weight of 1.2 g (range 0.7-6.7; n =
17) and 1.8 g subcutaneously applied (range 0.6-4.4; n
= 13) at the end of the experiments. In fast growing

tumors necrosis was observed in their central parts.
Some subcutaneously inoculated tumors grew inva
sively into the muscles. This explains the uneven num
bers of s.c. and i.m. tumors.

Tumor to Host Weight Ratio
The final tumor burden in a patient seldom exceeds

the ratio of0.02. As shown in Fig. 1Aand B, the tumor
to-host weight ratio in the nude rat resembles the hu
man situation better than in the nude mouse, in which
extreme ratios are reached rapidly. This enables more
long lasting experiments in the nude rat, before the
tumor has reached such a size the animal has to be
killed.

Relative Tumor Blood Flow
A 20% difference was accepted between the two

kidneys in the rat indicating an even distribution of the
microspheres in blood from the heart. In Table 1 the
blood flow measurements with â€˜41Cemicrospheres (nine
rats) relative to the kidneys are presented. The tumors
had a higher blood flow than the resting muscle, but it
was lower than other tissues measured.

In Vivo Imaging
In comparison between images of nude mice and

nude rat inoculated with the same tumor suspension,
injected with the same amount oflabeled antibody (125I
96.5) per gram animal, it was clearly seen that the larger
nude rat was preferable to image, when the parallel hole
collimator was used, and this enabled a quantification
ofthe image.

Kidney*1.00Lungs0.420.30Spleen0.450.38Liver0.150.08Tumor0.110.07Muscle0.070.03

The mean life span of the nude rats is 4 mo. In our
experiments, 2-mo-old rats were used. The mean sur-@@ th5fl 20% diff@flC@W8S @CC@Ptedbetween kidney
vival time from inoculation ofthe tumor xenograft was valt*S.
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In Vivo Biokinetics Measured by Scintillation Camera
The total-body retention of the â€˜251-labeledwhole

antibody 96.5 is given in Figure 2A. The outflow can
be described by a biexponential function. The uptake
in the subcutaneous and intramuscular tumors as a
function of time are given in Figure 2B.

Image Contrast
The contrast, calculated as T-B/B for the nude rats,

is given in Figure 3A and B. During the first 50 hr an
increase in the image contrast of a factor of approxi

mately seven in magnitude was registered. The individ
ual variations between different tumors were quite ex
tensive as shown, by the s.d. values. No significant
difference between the s.c. and i.m. tumor images could
be recorded.

Specific Tissue Uptake of 125I..%,5
The disappearance rates of 125I..96.5and â€˜311-OKT3

from whole blood and plasma were identical as shown
in Figure 4.

The specific tissue uptake for the different dissected
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i.m. (B) tumors after a period of 200 hr after antibody
in@ction.
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Time

FIGURE 4
Specific activity of 1251..96.5(filled symbols) and 131l-OKT3
(unfilledsymbols) in plasma, whole blood and blood cells
during 200 hr after i.v. injectionin the nude rat.

_\@ (STU) wasrelatively high, higher than all other organs,
but it then fell and after 30 hr it levelled out together
with the other organs. The lymph glands, showed a
slower initial increase than the other tissues and then
remained relatively high. Liver, kidney, and spleen
showed an intermediate accumulation. The muscle tis

- I I I I@ sue, however, showed a constant 5Th of 0. 1 %/g of

50 100 150 200@ injected dose.

h In the parallel experiments with the nude mouse

model injected with the same 1251..96.5antibody the
tissue/blood and tumor to tissue was in the same order
as the rat. Table 2 shows the uptake ratio at 40 hr after
i.v. injection.

Corresponding curves for the control monoclonal
antibody OKT3 did not show any selectivity for the

tissues are given in Figure 5A and B. In the tumors, the tumor and following the plasma clearance the uptake
uptake of antibody 96.5 reached a maximum after 30 curves were parallel for all organs including the tumors
hr, with peak values of l.6%/g for i.m. tumors and (Fig. SC and D). The disappearance rate in the bone
l.4%/g for s.c. tumors. Early high values were also marrow was equal for OKT3 and 96.5. The initial slow
recorded in the lungs, whereas the muscles showed the increase of specific tissue uptake in the lymph nodes
lowest activity (0.1% g). were also similar for 96.5 and OKT3. The ratio over

Initially, the bone marrow specific tissue uptake time between specific activity of MAb 96.5 and OKT3
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amount of nonbound @mTcis actively excreted in the
urine making correction impossible.

In Figure 8 the corresponding corrected specificity of
the labeled antibody uptake is shown as the ratio of
corrected specific tissue uptake of specific and control
antibody 96.5/OKT3. Here also the ratio equals unity
for all organs except for the tumors in which a higher
ratio was reached due to the specific binding of antibody
96.5.

DISCUSSION

As shown in Figure 1, even if the tumors in the rat
and mouse grow at approximately the same rate, the
tumor-to-host ratio is more favorable for the rat than
for the mouse because ofthe larger size ofthe rat. High
ratios (>0.02) are soon reached in the nude mouse and
do not resemble the clinical situation.

is shown in Figure 6. It clearly illustrates that for all
other tissues than the tumor the ratio equals unity.

Corrected Specific Tissue Uptake (STU@)
In Figure 7, the corrected specific tissue uptake

(STU@) is shown. These tumor values compared to
the STh-values, were only slightly influenced by this
correction which implies that the main tumor activity
(Fig. 5A and B) was truly bound and not emanating
from the blood content of the tumor sample. In the
liver and lungs, however, the STU@-values after 30 hr
were reduced to -@.-20%of the uncorrected ones (Fig. 5
A and B). The correction did not seem to influence the
initial high bone marrow values, but after 30 hr the
STU@OIFwas very low. The uptake in the lymph glands
was only reduced by 20% by the correction indicating
that the main activity was bound to the tissue. The
renal values have not been evaluated since the small
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TABLE2Specific
Tissue Uptake of 125I-LabeledMonoclonalAntibody

96.5 40 hr After i.v. Injection of the NudeRatand
in the Nude MouseHeterotransplantedwith

HumanMelanomaNude

mouse NuderatRatio

Ratio%/g
Ti/B* TUt/Ti %/g Ti/BTu/TiBlood

9.00 â€” 0.70 1.90 â€”0.74Tumor
6.30 0.70 â€” 1.40 0.74â€”Lungs
4.30 0.48 1.47 0.82 0.431.71Liver
3.75 0.42 1.68 0.51 0.272.75Kidney
3.50 0.39 1.80 0.41 0.223.41Muscle
1.70 0.19 3.70 0.12 0.0611.7.

Tissue.t

Tumor.tBlood.
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(21). In previous experiments, we have also noted this
inverse relationship between tumor size and STU
(Poster: YdstrÃ¶m,Strand, Ingvar. University of Lon
don, Hammersmith Hospital, June 1984). Other work
ers have not found any evidence that regional differ
ences in blood flow and capifiary permeability might

influence the delivery of immunoglobulins to tumor
tissue (22). However, Sands et al. found that the local
ization index was five times higher for subrenal than
for subcutaneous tumors, and they explained this by
differences in local blood flow (23). In our measure
ments with 14l@ microspheres in rats of blood flow,
there was a higher variation of blood flow in the intra
muscular than in the subcutaneous tumors. The intra

0
0 0
. 0

The opportunity to use a parallel hole collimator for
the larger nude rat facilitates the imaging procedure
and gives a higher sensitivity and the images are more
easily quantitated. Although the pinhole collimator
showed the best spatial resolutionâ€”7 mm compared
with 12 mm for the parallel hole collimatorâ€”the lower
and nonhomogenous sensitivity of the pinhole colli
mator still makes it less favorable for in vivo imaging.

The retention ofthe whole antibody 96.5 and OKT3
in blood and plasma of the nude rat was identical as
seen in Figure 4. There are no comparable OKT3-data
for the nude mouse. However, seems that the biologic
half-life for whole antibodies was longer in the rat than
the half-life reported in the nude mice even if the
injected amount of antibody per gram animal was
identical (20). As in the nude rat, the tumor-to-blood
ratio of radiolabeled 1251965 in the mouse was never
above unity (Table 2). This important factor limits the
possibility for good imaging, but the size of the rat
compensates for this, and good visibility of the tumors
was obtained. In the parallel experiments where rats
and mice were injected with the 125I..96.5antibodies, we
found no difference between the tumor-to-organ ratios
(Table 2). They were of the same order of magnitude
as reported by other authors (2,20).

The relative uptake measured in the image for the
different tumors showed a marked variation (Figs. 2B,
3A, and 3B). This fact appears to reflect the clinical
situation in which the uptake in small tumors is often
difficult to compare with the background activity. The
variability does not seem to depend entirely upon the
tumor size, but might also be a result of the presence
of necrosis, heterogeneity, ischemia, and hypoxia. Ha
gan et al. found that the uptake per gram radiophar
maceutical in the tumor was inversely proportional to
the tumor size in the nude mouse but local variations
were found, probably because of necrosis in the tumor
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FIGURE 6
Ratio of specific tissue uptake of 96.5 and 0KT3 in differ
ent organs and tumors in the nude rat. Note that allorgans
except the tumors have a ratio of one.
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muscular tumor varied more in size and showed a
higher degree of necrosis in the larger tumors.

The ideal time for imaging depends on several factors
including type of radioisotope, type and form of anti
body molecules, and the characteristics of the target
antigen. In the present study, the tumor contrast
reached an optimum after â€”40hr, and it then tended
to stay high during the whole observation time (200
hr). The specific tissue uptake in organs like liver, lung
and spleen (Figs. 5 A and B) might indicate the presence
of a low amount of tumor antigen or presence of Fc
receptors in these tissues. The possibility ofshed antigen

p97, though not reported, causing the presence of la
beled antibody in these organs may represent clearance
by the reticuloendothelial system of antibody-antigen
complexes (24).

When the corresponding in vivo and in vitro uptake
values for the individual tumors were compared, it was
found that there is a tendency to overestimate the
uptake values in in vivo by the gamma camera. A linear
regression for these values gives the relation, y = 0.52x
+ 1.58, where y is the percentage uptake in vivo and x
the percentage uptake in vitro. This discrepancy was
also found when in vivo images of rat thighs without
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phatic ducts and the lymph nodes. The bone marrow
showed a very high uptake immediately following the
antibody injection. This finding, confirmed by others,
is alarming from a clinical point of view. It has been
hypothesized that the 100-nm openings characteristic
of the sinusoidal blood vessels in the bone marrow,
spleen and liver permit a very rapid access of antibodies
to sites ofbinding and/or uptake (25).

The killing of the animals and the handling of the
tissue samples for in vitro measurements ofthe relative
activity is important. Few authors have reported their
procedures in detail. Some workers bleed their animals
to death and blot and rinse dissected tissues in saline
(2). Such measures influence the measurements. We
propose instead the described correction method where
the specific activity of the remaining blood could be
calculated for every tissue sample and subtracted.

The corrected specific tissue uptake appears to yield
a more accurate evaluation of the biodistribution for
the radiolabeled antibody in the different tissues (Fig.
7). This is most evident when looking at the blood rich
liver, where the activity was reduced to 20% at 30 hr
and to â€”â€˜0after 90 hr. This implies that the activity
found in the liver represented mainly that of the circu
lating blood. The initial high uptake in the liver, how
ever, could be the result of an accumulation in the
reticuloendotheial system by a relative initial overload
of antibodies and the clearance of damaged labeled
protein and immune complexes. The lungs, however,
still showed a high uptake after correction (tumors
excluded), which indicates some binding of antibodies
to lung tissue or trapping of immune complexes there.
These two speculations have to be further investigated.
There was no significant difference in the STU and
STUcorr in the tumors implanted subcutaneously or
intramuscularly, showing that the main part of the
activity registered was bound.

As far as we now know, there are several factors in
addition to immunologic ones that account for the
antibody localization to the tumor. These additional
factors include, e.g., the dehalogenation of iodinated
antibodies, tumor vascular permeability, and blood
flow. They must be identified both in animal models
and in humans before any animal model should be
considered reliable and used for predicting the efficacy
of radiolabeled antibodies for diagnosis and therapy.

In conclusion, we fund the nude rat model superior
to the nude mouse model for investigating all these
important factors which have been intensely discussed
in recent years. We should especially like to emphasize
the advantages of calculating the corrected specific tis
sue uptake in vitro in order to achieve a quantitative
estimate of tissue antibody uptake. Also the antibody
biokinetics for the bone marrow and lymph glands has
shown that these organs should be carefully considered
when monoclonal antibodies are evaluated for clinical
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FIGURE 8
Ratio of corrected specific tissue uptake of 96.5 and OKT3
in different organs and tumors in the nude rat based on
the data in Figure 7. Note that in comparison with Figure
6 thecorrectionfor bloodcontentis onlysignificantfor the
tumor values.

tumors were compared with thighs with tumors. During
0-48 hr, the used shoulder background values was
underestimated by a factor of two, slightly more right
after injection and somewhat less at 48 hr. This points
out the necessity to select proper background areas. Still
a degree ofuncertainty exists and has to be regarded for
every image study.

The lymph nodes showed a slower initial uptake
relative to other organs and it did not parallel them or
the blood until after 50 hr. This slower uptake might
represent an alternative route of the antibodies to the
nodes. Instead ofmainly being taken up from the blood,
the antibodies could penetrate the basal membrane and
then be distributed via the interstitial fluid to the lym
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