Cancer Immunol Immunother (1991) 33: 351-358
034070049100076Y

The effect of antibody protein dose

mmunology
mmunotherapy

© Springer-Verlag 1991

?ancer
|

on the uniformity of tumor distribution of radioantibodies:

an autoradiographic study*

Rosalyn D. Blumenthal, Irwin Fand, Robert M. Sharkey, Otto C. Boerman**, Rina Kashi,

and David M. Goldenberg

Garden State Cancer Center and Center for Molecular Medicine and Immunology, Newark, NJ 07103, USA

Received 8 March 1991/Accepted 8 May 1991

Summary. The inaccessibility of radiolabeled antibody to
poorly vascularized regions of solid tumors may reduce the
therapeutic efficacy of these macromolecules. Theoretical
mathematical models have predicted that increasing the
protein dose administered would reduce the heterogeneity
of radioantibody distribution. This investigation was un-
dertaken to evaluate this hypothesis in experimental animal
models. We have utilized the technique of macroautoradio-
graphy to demonstrate an increase in tumor penetration of
the lower-affinity 125T-labeled NP-4 or higher-affinity
Immu-14 anti-carcinoembryonic antigen (anti-CEA)
mADbs into small (60.25-0.4 g) and large (0.8—1.5 g) GW-
39 and LS174T human colonic xenografts, grown subcu-
taneously in the nude mouse, when 400 ug unlabeled anti-
body is administered simultaneously with 10 pg (100 puCi)
radioantibody. Further increases in protein to 800 jg result
in a reduction in total tumor uptake of the antibody. These
differences in mAb distribution could be visualized as
early as 1 day after antibody injection. Improved mAb
penetration was also achieved for the Mu-9 anti-CSAp
(anti-mucin) antibody using 800 pg unlabeled antibody.
An irrelevant antibody (AFP-7-31) was found to be homo-
geneously distributed 3 days after injection, even at a low
protein dose. Attempts to improve mAb penetration by
increasing the protein dose in the GS-2 colorectal tumor, a
model that has low NP-4 accretion as a result physiological
barriers separating antibody from antigen, were not
successful. These results suggest that a more homogeneous
distribution of radioantibody can be achieved by carefully
selecting a dose of unlabeled antibody to coadminister.
Work is currently in progress to determine the effect of
improved tumor distribution of radioantibody on the thera-
peutic potential of a single dose of radioantibody.

* This work has been supported in part by USPHS grants CA-37895,
CA 39841, and RR-05903 (Division of Research Resources), National
Institutes of Health, Department of Health and Human Services

** Research fellow of the Dutch Cancer Society

Offprint requests to: D. M. Goldenberg, Center for Molecular Medicine
and Immunology, 1 Bruce Street, Newark, NJ 07103, USA

Key words: Microdistribution -~ Radioantibodies -
Autoradiography

Introduction

Radionuclides conjugated to antibodies have been eval-
uated in several experimental animal models [2, 8, 20, 49,
53] and clinical trials [9, 13] for their antitumor activity.
Several investigators have demonstrated a heterogeneous
distribution of antibody conjugates; penetration was re-
stricted to a thin layer of tumor cells in the perivascular
space [12, 38]. Although radioantibodies are potentially
tumoricidal within several cell diameters (13! energy
deposited within a range of 0.99 mm and %Y effective in a
range of 5.9 mm [16], large regions of tumor tissue would
be expected to escape therapy as a result of being outside of
the range of energy emission of the radionuclide. Over-
coming this potential obstacle of nonuniform antibody dis-
tribution would be expected to enhance the therapeutic
potential of these antibody conjugates.

Multicellular tumor spheroid systems have provided a
useful in vitro model for studying the dynamic aspects of
drug penetration [27, 34, 35, 44, 51]. Spheroids have been
used to demonstrate that antibody fragments penetrate bet-
ter than intact antibodies [44] and that an antibody cannot
penetrate and bind with an antigen in well-polarized epi-
thelial cells [39]. In vitro spheroid models are limited,
however, in their usefulness; they ignore in vivo drug
disposition [i.e., (a) passage of the drug from the site of
administration to the site of pharmacological action, (b)
role of plasma binding proteins, (¢) transport from the
vascular compartment to the target tissue, (d) effect of
protein in the interstitial fluid, and (e) potential for metab-
olism]. Tumor xenografts have provided a useful in vivo
model to address questions on antibody conjugate penetra-
tion into tumor tissue [7, 32, 36—38]. Immunohistology of
a pancreatic tumor model has shown that intact IgG is
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Fig. 1. Distribution of (A) specific antibody NP-4 anti carcinoembryonic
antigen (CEA) IgG and (B) irrelevant antibody AFP-7-31-anti-AFP 1gG
in GW-39 tumors. Mice were sacrificed 3 days after injection of 100 puCi
125T-]abeled antibody

found in some highly vascularized areas but not in other
areas, even though the epitope was present [7]. Pervez et al.
have used autoradiography of LoVo colorectal xenografts
to support the findings of the spheroid model; smaller-size
F(ab"), fragments show better tumor penetration that intact
antibody [37, 38]. However, Ong and Mattes have reported
ahomogeneous distribution of intact antibody in their solid
tumor model, a human ovarian carcinoma [36]. Several
differences exist between the model systems employed,
which may account for the differences in the two sets of
observations; €. g., size of tumor, distribution of antigen,
time between antibody administration and evaluation, and
method of evaluation. Further studies are therefore re-
quired to determine the specific limitations to the penetra-
tion of antibody conjugates in an in vivo model. Several
mathematical models have been developed to determine
the best approaches to improve uniform distribution of
anticancer agents [17, 25, 46]. In summary, these models
suggest that antibody penetration could be improved by (a)
decreasing antibody affinity so that antigen-antibody bind-
ing is reduced and more free antibody is available to perco-
late through the tumor, (b) increasing the antibody (pro-
tein) dose to saturate all antigenic sites, and (c) using
smaller molecules, i.e., antibody fragments with higher
diffusion coefficients. However, the parameters considered
in these theoretical papers have not been evaluated in es-
tablished experimental animal models. In this paper, we
provide the first assessment of protein dose in three
colorectal xenograft models.

These studies have been done by macroautoradiogra-
phy, a technigue that has previously been used by us (2) to
analyze antibody distribution and localization in hamsters
bearing subcutaneous tumors [14], (b) to identify lung
metastases that could not be detected by external imaging
or direct tissue counting [40], and (c) to study the kinetics
of radioantibody localization in relationship to regional cell
viability [15].

Materials and methods

Experimental animal model. GW-39, a signet-ring colon carcinoma [19],
LS174T, a moderately differentiated colon adenocarcinoma, and GS-2, a
well-differentiated colon adenocarcinoma, were serially propagated as
subcutaneous growths in 5- to 6-week-old female nu/nu mice (Harlan
Sprague Dawley, Indianapolis, Ind.). Tumors were excised, minced with
a scissors in 0.9% NaCl solution with gentamycin (100 pg/ml) and
passed through a 40-mesh screen to obtain a 20% suspension. Subcu-

taneous tumors were initiated with 200 |l 20% tumor suspension. The
size of the tumor was controlled by varying the amount of time between
tumor implantation and injection of radioantibody. Studies were per-
formed on tumors weighing 0.25-0.4 g and 0.8-1.5 g.

Antibody purification and labeling. All antibodies were purified from
mouse ascites using protein A and ion-exchange chromatography over
S-Sepharose (Pharmacia, Piscataway, N.J.). Low-affinity NP-4 anti car-
cinoembryonic antigen (CEA) mAb (1 x 108M-1) and Mu-9 anti-CSAp
have been described previously [18, 42]. Higher-affinity Immu-14 anti-
CEA (1x10°M-1) and an irrelevant IgG of the same IgGl isotype,
AFP-7-31 were obtained from Immunomedics, Newark, N. J.

Intact antibody was radioiodinated with Na 1251 (Amersham) by the
chloramine-T method [30]. Radioantibody was separated from free
radioiodine by passage over a PD-10 column (Pharmacia) equilibrated
with 0.04 M phosphate-buffered saline containing 1% human serum
albumin. Each radioantibody preparation was evaluated for aggregation
and for free iodine (<4%) by size exclusion by HPLC using a GF-250
(Dupont, Wilmington, Del.) column. Immunoreactivity of NP-4 and
Immu-14 was confirmed by CEA-Affi-Gel-10 (77% for both antibodies)
and for Mu-9 by CSAp-Affi-Gel-10 (Bio-Rad) immunoadsorption
(84%). Low-protein doses contained 1 pg (100 uCi) labeled antibody.
High-protein treatments were prepared by mixing 1 \g labeled material
with a balance of unlabeled antibody (50-800 pg) prior to intraperi-
toneal injection.

Whole-tumor autoradiography. Following pentobarbital anesthesia and
cervical dislocation, tumors were removed from mice, flash-frozen in
hexane cooled to ~70° C on solid CO; and embedded in carboxymethyl-
cellulose. The block was then trimmed to the midline region in the
sagittal plane and 50-um sections were made with an LKB-PMV2250
cryomicrotome at —17°C at 250-uM intervals. The sections were
mounted with transparent tape, freeze-dried for 34 days at —17°C, and
then placed directly on Dupont MRF33 Blue film for about 13- 15 days
at —20° C. Rapid freezing and freeze-drying of cryosections ensures that
no translocation of radioantibody occurs from the site of uptake. Expo-
sure was made without the use of intensifying screens. Completed auto-
radiograms were processed using standard photographic methods.
Sample autoradiograms were selected from the center of the tumor and
comparisons were made between size-matched tumor samples.

Results

The technique of macroautoradiography can be used to
demonstrate differences in the pattern of intratumor distri-
bution of specific and irrelevant antibodies. Figure 1 il-
lustrates the heterogeneous pattern of the specific antibody
NP-4 anti-CEA in the GW-39 tumor and the more homoge-
neous pattern of the irrelevant antibody AFP-7-31 in size-
matched samples of the same tumor taken 3 days after
injection of the radioantibody. Regional NP-4 “hot-spots™
can be seen more clearly in the upper panel of four tumors.
The dense grains in these areas most likely represent sites
where radioantibody has permeated tumor vessels and
bound to available CEA. A similar antigenic barrier does
not exist in these tumors for the anti-AFP antibody and,
therefore, a greater degree of percolation of the irrelevant
antibody occurs (lower panel).

It has been suggested that penetration of a specific
radioantibody could be enhanced by increasing the protein
dose to help saturate more of the antigenic sites and en-
hance the amount of free radioantibody available to dis-
tribute randomly through the tumor [17, 25]. Uptake stud-
ies with small tumors (0.2 g) suggest that around 100-
200 pg unlabeled antibody is needed to saturate tumor
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Fig. 2. Dose response of NP-4 IgG distribution in GW-39 tumors 3 days

after injection of 100 puCi 1251-NP-4 at (A) 10 pg (B) 100 pg, (C) 200 g,
(D) 400 g and (E) 800 Lg unlabeled antibody

antigen in a small (0.2-g)tumor (Boerman, Sharkey, Blu-
menthal, Aninipot, and Goldenberg, manuscript in prepa-
ration). This is in good agreement with our estimate of total
antigen (extractable and non-extractable) based on im-
munoassay measurements (150-200 pg/g = 30-40 pg in
a 0.2-g tumor) and antibody accretion studies (30% -40%
injected dose/g; therefore, 2.5—3.3 times more antibody is
required than what is actually taken up by the tumor). To
saturate antigen in larger tumors of 1.0-1.5 g (i.e., no
change in the percentage injected dose per gram), we esti-
mated that a minimum of 450 pg unlabeled antibody would
be needed (150 pg/g CEA at 30% injected dose per gram).
Figure 2 illustrates that the change in NP-4 antibody distri-
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bution resulting from an increased protein dose is a dose-
dependent phenomenon. At low protein doses (10 ug,
Fig. 2A), the heterogeneity of “hot” regions can be appre-
ciated. Escalating the protein dose to 100 ug (Fig. 2B) does
not result in a qualitatively different distribution pattern.
Coinjection of 200 pg (Fig. 2C) or 400 pg (Fig. 2D) un-
labeled NP-4 enhances the homogeneity of antibody distri-
bution. Further dose escalation to 800 pg unlabeled NP-4
(Fig. 2E) resulted in a greater enhancement of antibody
distribution; however, the total grain density was reduced,
suggesting an over-saturation of antigen and reduction in
specific tumor accretion. Therefore, the selection of an
optimal protein dose to increase the homogeneity of anti-
body distribution must be based on an appreciation of
tumor size, total tumor antigen and percentage injected
dose per gram of antibody accreted by the tumor. As would
be expected, for a given high-protein dose (400 pg-one that
is not saturating without reducing total antibody accretion),
antibody distribution is enhanced more in smaller tumors
than in larger tumors (Fig. 3).

To demonstrate that the changes in antibody penetration
seen with 400 pug coadministered unlabeled antibody are
the result of saturation of tumor antigen, we evaluated the
effect that 400 ug isotype-matched irrelevant antibody
AFP-7-31 would have on NP-4 distribution. Figure 4 il-
lustrates that the heterogeneous pattern of NP-4 distribu-
tion does not change when 400 p1g nonspecific antibody is
added to the radioantibody.

In order to obtain a more dynamic picture of radioanti-
body distribution under low and high penetrating condi-
tions, tumors were evaluated 1, 3, 7, and 14 days after
injection of NP-4 IgG. Figure 5 (left panel) shows a clear
enhancement of antibody penetration as a result of increas-
ing protein dose as early as 1 day after radioantibody injec-
tion. Within 7 days of antibody injection, NP-4 distribution
has improved even at a low protein dose (10 ug). However,
a further increase in NP-4 penetration is indicated in three
out of four tumor samples at 400 pg. By day 14, much of
the antibody has cleared from the tumor and the effect of
the protein dose is less dramatic. Figure 5 (right panel)
evaluates the same dynamics of distribution for the anti-
body Immu-14, a CEA antibody recognizing the same
epitope class as NP-4 [21] but with a 10-fold greater affin-
ity. Fujimori et al. [17] have suggested that an increase in
antibody affinity from 1x108M-! (e.g., NP-4) to
1 x109M-1 (e.g., Immu-14) would further increase the
heterogeneity of antibody distribution. Our results indicate
a clear difference on days 7 and 14 after injection in Immu-
14 distribution at a 10-pg dose compared with NP-4;

Fig. 3. Effect of protein dose on NP-4 distribution
in large (0.8 1.5 g) and small (0.2-0.4 g) tumors
3 days after injection of 100 uCi 125I-NP-4 at

10 ug (A, C) or 400 ug antibody (B, D)
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Fig. 4. Effect of a high protein dose (400 pg) of the irrelevant antibody
AFP-7-31 on the distribution of 10 ug >5I-NP-4 in GW-39 tumors 3 days
after injection: A 10 ug !*>-NP-4 and B 10 pg '25I-NP-4 + 400 ug un-
labeled AFP-7-31
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Immu-14 retention is increased and its distribution is more
heterogeneous. Increasing the protein dose to 400 ug im-
proved Immu-14 distribution at all three evaluation times
(3,7, and 14 days). Even though much of the antibody in
the 10-1g dose samples had cleared the tumor by day 14, a
much greater amount of antibody remained in the tumor in
the 400 (g dose samples, as noted by the intensity of the
grain deposition.

Many of the tumor-associated antigens used for anti-
body-guided therapy are mucins. Therefore, we evaluated
the effect of protein dose on the distribution of Mu-9, an
antibody directed against CSAp, a mucin antigen. Im-
munohistochemistry reveals a greater amount of the CSAp
antigen in GW-39 tumors (unpublished data). Therefore, a
greater amount of antibody would be necessary to saturate
the tumor antigen. Figure 6 illustrates the change in distri-

Immu-14 1aG

Fig. 5. Effect of protein dose on lower-affinity NP-4 anti-CEA distribution (/eff), and higher-affinity Immu-14 (right) anti-CEA distribution asa fur_lction
of time after injection. Tumors were processed for autoradiography 1, 3, 7, and 14 days after injection of NP-4 and 3, 7, an.d 14 days after injection of
Immu-14. The upper film strip in each set was done at 10 ug antibody and the lower strip of tumors was done at 400 g antibody
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bution pattern of Mu-9 at 10 ug and 800 g protein, 7 and
14 days after injection. Mu-9 retention is greater than that
of both of the CEA antibodies. Although we did not opti-
mize the high-protein dose concentration, nor did we eval-
uate earlier times after injection (e.g., 1 and 3 days), one
can appreciate a substantial increase in the penetration of
Mu-9 at the higher protein dose.

In the last study, we determined whether increasing the
protein dose would enhance the distribution of NP-4 anti-
CEA in two additional colorectal lines: L.S174T, an adeno-
carcinoma with high antibody accretion, and the GS-2
tumor with low antibody accretion but high antigen content
(Blumenthal et al., manuscript in preparation). Figure 7
reveals that the effect of 400 ug on NP-4 distribution seen
in GW-39 tumors can also be appreciated in LS174T but
not in GS-2. In this study, as in all previous ones, increases
in the homogeneity of antibody distribution at a high pro-
tein dose are variable from tumor to tumor. Variability in
the density of grains can also be appreciated within a single
tumor sample, even under these improved conditions. The
results presented are all qualitative and can be easily visu-
alized. However, further quantification to determine the
coefficient of variation of the density in individual pixels in
these tumor samples, taken from low- and high-protein
treatments, would be beneficial.

Discussion

The inaccessibility of poorly vascularized regions of solid
tumors to a cytotoxic agent such as an antibody conjugate
would be expected to influence the efficacy of that agent.
There is an increasing recognition that poor penetration of
chemotherapeutic drugs into solid tumors may be an im-

Day 14
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Fig. 6. Protein dose effect in the GW-39 xenograft model
for 100 uCi 1251-Mu-9 anti-CSAp at 10 ug (A, C) and
800 ng (B, D) on days 7 and 14 after injection

Fig. 7. Comparison of the protein dose effect in
three colorectal cancer xenografts: GW-39

- e signet-ring carcinoma, L.S-174T moderately
e differentiated adenocarcinoma, and GS-2 well-
differentiated adenocarcinoma using 100 pCi
125]-NP-4 1gG at 10 pg (A -C) and 400 ug

GS-2 D-F)

portant aspect of cytotoxic drug resistance [26, 31]. Tumor
size, growth pattern, and vascularity have been shown to be
important physiological factors regulating the penetration
of cytotoxic agents.

It has been suggested that nonuniform distribution of
radioantibodies in solid tumors is a function of peculiarities
found in the tumor microcirculation. Theoretical models
have suggested that the relatively high vascular permeabil-
ity in tumors results in increased endogenous proteins, in
the interstitium, causing an elevation in the interstitial
osmotic pressure [45]. The elevated interstitial pressure
counters the high hydraulic conductivity of tumor vessels,
thus lowering fluid extravasation [22, 52]. Once a radio-
labeled antibody penetrates the endothelial lining, it is
thought that its transport is further retarded by the large
interstitial space. The different distribution patterns of the
specific and the irrelevant antibodies as early as day 3 in
our studies suggest that, in this tumor model, interstitial
pressure may not be an important factor regulating anti-
body penetration.

The vascular barriers that do exist are known to be
greatest in larger tumors; as tumors increase in size, the
vascular surface area decreases, resulting in a reduction in
transvascular exchange and an increase in intercapillary
distance, which in turn results in longer times for the
radioantibody to reach all areas of the tumor. In addition, as
tumors grow, interstitial pressure rises, presumably be-
cause of the proliferation of tumor cells in a confined space
and the absence of functioning lymphatic vessels [23].
These differences in vascular physiology between small
and large tumors represent the rationale for studying mAb
distribution in tumors of varying size. Our studies have
indicated a more uniform distribution of antibody in
smaller tumors than in larger ones at a low protein dose.
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According to mathematical models [17, 25, 46], one
approach that might be useful to reduce the heterogeneity
of antibody distribution is to increase the antibody (pro-
tein) dose in order to saturate all antigenic sites and permit
the antibody conjugate to bind at random throughout the
tumor. We have evaluated antibody penetration following
injection of a range of 1-800 ug unlabeled antibody and
have found a qualitative enhancement of antibody distribu-
tion in large (1-g) tumors at 400-800 pig protein. Several
animal studies have demonstrated that the amount of anti-
body taken up by a tumor is not dependent on the dose of
antibody protein administered [1, 41, 50]. However, in our
model, 800 pig is an over-saturating dose for this size of
tumor, and therefore resulted in a reduction in total anti-
body accretion, which would effect a reduction in the total
radiation dose delivered to the tumor. This observation
indicates the importance of titrating the unlabeled antibody
dose to maximize antibody penetration and minimize the
loss in antibody uptake.

Our results also indicate that even when the total anti-
body taken up does not change when protein doses are
increased (e.g., at 400 ug), its microscopic localization
may change, thereby influencing the microdosimetry and
therapeutic efficacy of the antibody conjugate (i.e., a scat-
tered distribution of high-dose areas vs a more homoge-
neous distribution of lower doses). Direct tissue counting
alone, as has been done in the past {1, 41, 50], would not
provide this information.

The next question that should be addressed is whether
the increase in the uniformity of radioantibody distribution
within the tumor will result in improved tumor therapy. In
one recent study, we demonstrated that NP-4 F(ab")2 could
be equally therapeutic to the intact IgG in GW-39 tumors
grown in the hamster cheek pouch, even though the radia-
tion dose delivered by the fragment was less than the dose
delivered by the IgG. The intact antibody distribution was
restricted to a thin layer of tumor cells at the perimeter of
the mass, while the F(ab’); fragment distributed through
several cell layers [4], an observation that has also been
made by others [37, 38]. We postulated that this phenome-
non might explain the equivalent tumoricidal effect of the
IgG and F(ab”)2 [43]. Studies are in progress to evaluate the
therapeutic efficacy of a noncurative dose of a radiolabeled
IgG under “normal” (low-protein, non-saturating) condi-
tions, “enhanced penetrating” conditions (saturating), and
“enhanced penetration but lower specific uptake” (over-
saturating) conditions. The hypothesis in these studies is
that improved antibody penetration will result in a greater
tumoricidal effect as a result of a more uniform delivery of
the radiation dose throughout the tumor. However, other
possibilities also exist. Reducing the intense “hot spots”
seen in the low-protein tumor autoradiograms might re-
duce the tumoricidal effect of the radioantibody. We have
recently observed a dramatic reduction in tumor vascular
activity and a reduction in the number of tumor vessels
following a single dose of radioantibody [6]. We suggested
that this suppression in tumor vascular function might be a
direct result of radioantibody localizing around tumor ves-
sels and delivering a substantial radiation dose in the re-
gion of these vessels. If vascular suppression contributes to
the tumoricidal effect of radioantibody therapy, then en-

hancing the penetration of radioantibody would reduce the
radiation dose delivered around tumor vessels, and thereby
reduce the therapeutic effect.

Another possibility might exist that would prevent a
more uniform distribution of antibody from resulting in
enhanced therapeutic efficacy. The heterogeneity in tumor
microcirculation and resulting ischemia subsequent to
physical compression of vessels [24, 48] may result in
hypoxia and zones of necrosis within tumors. This state of
hypoxia within the tumor results in resistance to chemo-
and radiotherapy and will therefore also limit the therapeu-
tic efficacy of radiolabeled antibodies [47]. In addition,
low tumor oxygen tension has been reported to reduce
expression of two melanoma-associated antigens on the
human FME melanoma, independent of cell cycle [10]. If
the oxygen microenvironment negatively affects the an-
tigenic properties of cancer cells, it may complicate the use
of cytotoxic agents conjugated to tumor-localizing anti-
bodies. Thus, improving the penetration of antibodies may
result in more of the antibody being distributed to hypoxic
tumor regions. However, one report has demonstrated that
regional hypoxia may be short-lived; i.e., vessels are com-
pressed and then relax again such that hypoxia measured at
one location may not be there minutes later [33]. The use of
radiolabeled antibodies may overcorne the limitation im-
posed by short-term hypoxia because of the time required
for maximal accretion and the duration of radioantibody
retention within the tumor. These issues require further
investigation.

Another factor that has been suggested to affect tumor
targeting and antibody distribution is antibody affinity.
One report claims that a high-affinity antibody is prefera-
ble because of the longer retention of antibody [28]. Anoth-
er study claims that a low-affinity antibody is advan-
tageous because it would result in more uniform distribu-
tion [29]. In general, antibody affinity for tumor targeting
is in the range of 108—1012M-1 [43]. Thomas et al. have
developed a mathematical model to determine how anti-
body affinity affects tumor uptake. The model predicts that
as antibody affinity increased from 108 to 1013M-1, specif-
ic antibody uptake would increase over 100-fold, but only
if the protein dose was increase 100-fold from 0.6 nM
(typical scanning dose) to 60 nM [46]. The validity of this
model is supported by reported values [11]. We recently
reported a small improvement in antibody accretion when
Immu-14 anti-CEA (1 x 10M-1), an antibody with 10-fold
higher affinity than NP-4 anti-CEA [11, 21] and recogniz-
ing the same class epitope on CEA {21, 30], is used. mAb
accretion appears to be more responsive to changes in
affinity in larger tumors (>0.6 g) than in smaller tumors
(<0.2 g). With respect to antibody distribution, mathemati-
cal models suggest that a single log difference in affinity
can produce significant differences in antibody distribution
[17]. Our results indicate that we observe better retention
of the higher-affinity Immu-14, and that regional distribu-
tion of Immu-14 is more heterogeneous than that of lower-
affinity NP-4 7 and 14 days after injection.

We have demonstrated differences in the magnitude of
radioantibody uptake by the GW-39 tumor grown in sever-
al sites [3] and by the GW-39, LS174T, and GS-2 tumors
grown in the same subcutaneous site of the nude mouse [5].



Several physiological factors, including total vascular ac-
tivity, tumor and serum antigen content, and antigen acces-
sibility have been shown to differ between these models
(R. Blumenthal et al., manuscript in preparation). Of par-
ticular interest is the observation that a structural barrier
exists in the GS-2 tumor model, which results in antibody
distribution to the basolateral surface of glands where it
cannot bind to the antigen, which is located within gland
cells and on the apical surface of glands. The structural
barrier that exists in the GS-2 tumor, which appears to be
similar to that seen in the HRA-19 adenocarcinoma line
[39], cannot be overcome by increasing the protein dose.
The results presented here highlight the importance of
evaluating theoretical concepts in established experimentat
models. The physiological principles established from this
research are applicable not only to radioimmunoconju-
gates, but to drug- and toxin-antibody conjugates and to
therapy with other anticancer agents, such as cytokines,
growth inhibitors, and biological response modifiers.
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