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Fig. 2. Tumor:blood ratios observed at various times postcoinjection of 13'I-labeled
(@) and $7Cu-labeled () intact MADb35.

imaging 5’Cu in the same animal, the improved tumor:blood ratio of
the %7Cu-labeled MAb35 resulted in the xenograft being clearly vis-
ible (Fig. 3b).

In Vivo Distribution Studies of '*'I-labeled and ¢’Cu-labeled
MADb35 F(ab’), Fragment. In contradiction to the results obtained
using intact antibody, ®’Cu-labeled MAb35 F(ab'), fragment did not
achieve higher %ID/g values in target xenografts than its 13![-labeled
counterpart with a maximum of 6,7%ID/g and 6.9%ID/g, respectively,
at 12 h postinjection (Table 2), although the more rapid clearance of
the ®’Cu-labeled material did lead to improved tumor:blood ratios
(Fig. 1b). Highly elevated levels were, however, observed in the
kidney (maximum of 36.7 %ID/g at 12 h postinjection) and in the liver
(6.5%ID/g). Corresponding values for the '3'I-F(ab’), were 4.1 and

a)

Fig. 3. Gamma camera scintigraphy of a tumor
xenograft-bearing nude mouse 6 days post coinjec-
tion of '3-labeled and 7Cu-labeled intact
MAD3S. Images were generated using windows set
for (2) 13! and (b) S7Cu. T, tumor xenograft (vis-
ible only when imaging $7Cu).

1.4%ID/g (Table 2; Fig. 4). Clearance from the blood stream was
apparently faster in the case of the “’Cu-F(ab’), so that by 8 h
postinjection, it had fallen to a level around one-half of that observed
with the '*'I-F(ab"), (4.8 and 9.3%ID/g, respectively), although the
effect was not significant (P > 0.05).

In order to determine if deiodination of **'I-F(ab'), in the kidney
followed by rapid excretion of iodine was responsible for the lower
observed kidney levels of 131 than %’Cu, in vivo distribution studies
using the reagent N-succinimidyl-4-tri-n-butylstannylbenzoate to
achieve a more stable iodination of MAb35 F(ab'), were performed.
Biodistribution results are shown in Table 3 and show that this ap-
proach did not result in increased accumulation of 3! in the kidney
(Fig. 4) with 3.1%ID/g at 24 h compared with 2.0%ID/g when labeled
by the conventional lodogen method. However, the enhanced stability
of the iodine labeling used in this experiment did lead to a difference
in the level of tumor accumulation of '3'I with 12.0 + 2.56 %ID/g
tumor at 24 h postinjection compared with 5.5 * 1.55) %ID/g for the
Iodo-Gen-labeled material.

Another possible explanation for the different kidney uptake of the
11-(Fab’), and the ®’Cu-F(ab’), was that the substitution of frag-
mented antibody with the 14N4 ligand leads to its rerouting and
accumulation in the kidney, thereby resulting in the observed elevated
7Cu levels. To test this possibility, a control experiment was per-
formed in which MAbB35 F(ab'), fragment was first substituted with
14N4 ligand but then labeled with '3'[; in vive distribution was
assessed as described previously. It was found that levels of '3']
measured in the kidneys at various time points postinjection remained
low with %ID/g values at 1 h postinjection similar to those observed
with non-14N4 substituted '3'I-labeled F(ab'), fragments at 7.0 +
1.36 and 8.3 = 1.05, respectively, and falling to 0.9 * 0.26 %ID/g at
24 h (Fig. 4). These results indicate that a rerouting of F(ab'), frag-
ments as a consequence of substitution with the 14N4 ligand is not the
sole cause of the observed differences in nuclide accumulation in the
kidney.

b)
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Table 2 In vivo distribution of 97Cu- and 3'I-labeled MAb35 F(ab'), fragments expressed as %ID/g

A mixture of the two preparations was injected into mice in groups of 3 animals.

h postinjection

1 4 12 24 48
67Cu
Blood 16.6 * 2.91¢ 9.9 * 0.65 4.8 043 4.0 *0.18 1.5+019 10 +0.17
Tumor 24+082 4.6 =090 59 =120 6.7 * 427 52 %282 48+ 117
Liver 51+092 6.3 % 0.87 58 *0.76 6.5+ 135 53+ 0.67 55+124
Kidney 223 357 358 332 319 +233 36.7 = 4.98 29.1 * 2.00 234+ 478
Spleen 3.8 £0.97 42 +1.06 28 £0.25 38+ 051 3.3+0.26 4.1+037
Heart 45+181 34£014 23*036 27018 17037 17+026
Intestine 112013 11013 0.7 £031 1.0 + 0.07 11+017 12+0.16
1311
Blood 17.3 +3.57 14.6 £ 1.50 93+ 0.70 82+ 035 4.1+ 064 1.8 + 0.30
Tumor 2.8 097 52+ 1.07 55+155 6.9 * 4.98 55*3.90 32+ 1.63
Liver 23 %057 19 +015 1.2+ 0.08 1.4+013 0.7 £ 0.19 05+*013
Kidney 83 * 1.05 6.0 + 0.64 3.9 * 049 41 %075 20+022 1.0 + 0.25
Spleen 26*0.75 23 %052 13+017 13020 09 *0.17 05*0.12
Heart 47x216 3.6 *0.41 2.7 * 0.46 29 *0.16 1.5+052 07*0.11
Intestine 1.1+ 0.04 1.6 +0.21 0.7 * 0.29 0.7 021 0.6 +0.21 0.3 = 0.08
¢ Mean *+ SD.
45 - therapeutic index in clinical studies, assuming these observations
translate to the patient.
40 An important point of debate in the field of RIT in recent years has
35 4 been whether intact or fragmented antibody should be used as the
vehicle to deliver therapeutic nuclides (14, 21). An equivalent im-
30 1 provement in the biodistribution of $’Cu-F(ab’), MAb35 compared to
o o5 ] the 3'[-F(ab"), (as was observed in the case of the intact antibody)
~ . . .
o ] would have given considerable support to claims that F(ab'), frag-
® 20 ments are preferable for therapy (because of their rapid clearance and
§ accompanying reduced whole-body toxicity) and would have reduced
15 panying y y
the validity of the criticism that F(ab'), fragments generally achieve
10 1 lower absolute levels of tumor accumulation and have shorter mean
5 residence times at the target tumor than intact antibodies and therefore
have a poorer chance of achieving a therapeutic effect (22, 23). An
0 T T T ' improvement in F(ab’), biodistribution following %’Cu labeling was
0 10 20 30 40 50

Hours post—injection

Fig. 4. Nuclide levels found in the kidneys of nude mice expressed as %ID/g at various
times following injection of (M) 57Cu-labeled MAb35 F(ab’),, (A) 1*!I-labeled MAb35
F(ab')y, (V) deiodinase-resistant !3!I-labeled MAD35 F(ab'),, or (@) !3!I-labeled 14N4-
substituted MAb35 F(ab’),.

DISCUSSION

This paper describes preclinical studies on radioimmunoconjugates
constructed using the intact and fragmented MAb35 anti-colon carci-
noma antibody and the potential therapeutic isotope 5’Cu. MAb35 is
an appropriate antibody for our studies because it is directed against
a carcinoembryonic antigen determinant expressed on colon carci-
noma, one of the most prevalent and lethal of cancers but also because
MAD35 is one of the most extensively studied murine monoclonal
antibodies in the literature and one with which much clinical exper-
tise, in both scintigraphy and therapy, has already been gained
(19, 20).

At the outset of our studies, it was anticipated that 57Cu would
prove more appropriate as a therapeutic moiety for RIT simply by
consideration of its radiation characteristics. However, our initial in
vivo studies using intact MAb35 confirmed a potential secondary
benefit to be gained from the application of ’Cu in that the absolute
levels of accumulation in the target tumor were almost twice as high
as those observed using **!I-labeled MAb35. Clearly, a lower whole-
body toxicity through reduced vy emissions and an increased tumor
accumulation would be expected to combine to give an improved

not observed, with tumor accumulation for 4’Cu and '3'I-labeled
F(ab"), found to be similar. However, high accumulation of 4’Cu was
observed in the kidney at all time points postinjection. Reports have
already appeared in the literature of studies performed in animal
model systems showing high accumulation in the kidney following
administration of F(ab'), fragments labeled with radiometals such as
indium (23-25) and lutetium (26), and there has also been a report of
a similar effect observed following administration in a hamster model
of an F(ab'), fragment labeled with the PET nuclide %*Cu (27). This
seems then to be a general phenomenon which may, if it presents itself
in the clinical situation, prohibit the use of radiometal-F(ab'), immu-
noconjugates for therapeutic purposes. The normal routing of small
proteins within the kidney involves initial glomerular filtration, which
is size and charge dependent, followed by uptake into endocytotic
vesicles in the apical region of proximal tubular cells. The endocytotic
vesicles then migrate away from the apical border and fuse with
lysosomal vesicles where proteolytic degradation occurs (28). The
catabolism of radioiodinated antibodies is thought to proceed by two
distinct mechanisms, dehalogenation by deiodinase enzymes and pro-
teolytic digestion by acid proteases within the lysosome. In accord-
ance with this, the observed difference in accumulation in the kidney
of radioiodine and radiometals after the administration of labeled
antibody fragments may be explained by differences in catabolism. In
our present study, the utilization of a stable iodine linkage to the
F(ab"), fragment did not lead to increased levels of *3'I in the kidney,
suggesting that even in the absence of deiodination the radioiodinated
antibody fragment is catabolised to yield a product which can readily
exit the cell and be excreted in the urine, whereas the radiometal-
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Table 3 I vivo distribution of %’Cu- and *3'I-labeled MAb35 F(ab'), fragments expressed as %ID/g.
131] Jabeling was performed using the N-succinimidyl-4-tri-#-butylstannyl benzoate ligand to confer stability. A mixture of the two preparations was injected into mice in groups

containing 3 animals.

h postinjection

i 4 8 12 24
7Cu
Blood 17.8 * 9.63¢ 89 +0.38 32011 1.7+ 029 0.6 +0.13
Tumor 2.1+ 0.60 27+127 5.6 = 1.96 4.7+ 030 6.6+ 145
Liver 7.6 339 83092 10.8 = 1.80 7.4+ 1.70 8.4 +£2.09
Kidney 20.1 =590 326 +532 46.5 * 5.48 33.0+2.70 424 +12.34
Spleen 2.9 * 0.06 4.1+ 1.02 54 * 156 35049 4.3 *+ 007
Heart 57229 3.6+078 32076 1.8 £0.36 1.2 +0.12
Intestine 1.7 £ 0.59 1.2*0.10 1.1 +037 0.8 = 0.01 09 =014
131y
Blood 26.5 877 189 +1.97 149 232 87096 5.5 = 0.67
Tumor 3.0+ 113 42 +2.06 102+ 3.11 8.7+ 095 12.0 * 2.56
Liver 4.7+ 1.77 33+032 35021 1.6 = 0.31 14 +021
Kidney 73170 5.6+ 102 6.5 £ 1.00 4.0 £0.90 31x084
Spleen 33021 28+052 25+083 1.7 x0.21 1.3 + 0.06
Heart 83+198 53+ 161 7.7+ 264 23130 27*+029
Intestine 2107 1.6 £ 0.06 1.2 + 044 0.9 + 058 0.6 =012
% Mean = SD.

labeled material is not. The most likely explanation for the raised
levels of 57Cu found in the kidney in our studies centers on the
inability of the nuclide-14N4 complex, whether peptide bound or not,
to exit from the cells in which degradation occurs, whereas negatively
charged radioiodo-tyrosine and free iodide achieve this readily (29).
Of interest in this respect would be an evaluation of the kidney
accumulation of rhenium following administration, in a similar model
system, of a Re-labeled F(ab'),. Rhenium is known to be relatively
easily oxidized when not extremely stably chelated, resulting in the
liberation of perrhenate which has a similar size as the iodide ion and
is also negatively charged. Should these prove fo be deciding factors
in the ability of a given nuclide to escape the catabolic environment of
the proximal tubule cell lysosome, then a correspondingly low nuclide
accumulation in the kidney may be anticipated, as has been described
recently in the case of a 1%6Re-F(ab'), fragment of the E48 Mab which
has potential for application in head and neck cancer (30).

Still unclear is the mechanism whereby radiolabeled F(ab’), frag-
ments, with a M, ~100,000, gain access to the kidney where glomer-
ular filtration is known to play a role, predominantly for proteins with
a molecular weight of under M, 50,000 (28). It may prove to be the
case that the fragments must first dissociate into their constituent Fab
fragments (perhaps through easier reduction of interchain disulfide
bridges following the removal of the Fc region) prior to glomerular
filtration. Analysis of serum samples following injection of F(ab’),
fragments shows no evidence of breakdown (24), although this may
be the result of it being a relatively slow but continuous process,
together with a very high efficiency of clearance of the breakdown
products by the kidney.

Our attention is now centered on the performance of a limited
clinical study to determine whether our observations in relation to
87Cu-labeled F(ab'), fragments translate into benefits for the patient.
If so, further characterization of the catabolism of ’Cu-F(ab'), within
the kidney is needed in order to find out how a ®’Cu-labeled immu-
noconjugate with similar rapid blood clearance but lower retention in
the kidney should be devised. If cellular retention of the Cu-chelate
complex after terminal degradation of the Cu-F(ab’), fragment
within the cell is found to be one of the mechanisms leading to
enhanced kidney uptake, the construction of cleavable linkers between
carrier and chelate, as has been proposed to reduce nuclide accumu-
lation in nontarget tissues {31), may not prove to be effective. On the
other hand, bioengineering of fragments which bypass the process of
glomerular filtration may be found to be more useful. In the case of the
intact MAb35 antibody, we conclude that the application of ’Cu as a

therapeutic moiety for the construction of radioimmunoconjugates
offers distinct advantages over *3!1 in terms of its reduced vy radiation,
the stability of chelation within the 14N4 ligand, and the improved
absolute accumulation of %7Cu at the target tumor.
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