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E D I T O R I A L  

Radiolabeled Monoclonal Antibodies for Cancer Therapy and 
Diagnosis: is It Really a Chimera? 

ehi-mer-ra or chi-mae-ra n (L chimeara, fr. Gk chimaira she-goat, chimera," akin to Gk cheimon winter) 1. cap. a fire 
breathing she-monster in Greek mythology having a lion's head, a goat's body, and a serpent's tail, 2. an illusion or 

fabrication o f  the mind, especially an unrealizable dream (1). 

C onsiderable research over the past 
few years has attempted to use 

the high specificity and affinity of 
monoclonal antibodies as the basis of 
radiolabeled in vivo diagnosis and 
therapy of cancer. Results of preclin- 
ical and clinical evaluations demon- 
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strated that these antibodies are sub- 
jected to the same physiological and 
metabolic processes as drugs and hor- 
mones. As a result, the tumor accre- 
tion of these agents has been less than 
originally hoped (2,3). In general, up- 
take of the radionuclides into tumors 
of patients was in the range of 
0.001%-0.01% of the injected dose 
per gram of tumor, and approxi- 
mately 80% of known lesions were 
detected (4-6). With rare exception 

the limit of detection appears to be 
1.0-1.5 cm (7). This limited success 
leads one to ask whether our hope is 
really a chimera, as found in defini- 
tion 2 above. 

One approach to increase the tumor 
uptake of radiolabeled antibodies, as 
described in the previous article by 
Meredith et al. (8), is the use of chi- 
meric immunoglobulins. (see defini- 
tion 1 above): most of the antibody is 
human with binding sites derived 

Radiolabeled Mabs for Cancer Therapy and Diagnosis • Sands 29 



from mouse protein. This paper de- 
scribes a well-designed and well-exe- 
cuted Phase I therapeutic study of 131 I- 
chimeric B72.3 in patients with met- 
astatic colorectal cancer. It is surpris- 
ing to see that in this trial seven of 
twelve patients developed antibody to 
chimeric B72.3 after an initial infu- 
sion, a finding similar to that seen for 
murine antibodies. Most of the data 
reported are similar to those seen with 
murine antibodies: rapid whole-body 
clearance; inconsistent tumor local- 
ization restricted to large lesions; lack 
therapeutic effects at the dose limiting 
bone marrow toxicity; and produce 
very, low tumor absorbed radiation 
doses. The authors suggest that this 
construct has limited utility and offer 
several alternative strategies, includ- 
ing generation of antibodies to puri- 
fied antigen such as TAG 72, other 
radionuclides, and chimeric human 
antibodies of other isotypes. 

The data of Meredith et al. (8) raise 
several important questions. First is 
the immunogenicity of chimeric 
B72.3. As they have shown, the chi- 
meric nature of the protein is not 
sufficient by itself to prevent the pro- 
duction of human antibodies against 
them. Perhaps a more promising ap- 
proach to the issue ofimmunogenicity 
is the production of completely hu- 
man antibodies. It is encouraging that 
there have been no reports of human 
anti-human antibody (HAHA) in sev- 
eral clinical trials of labeled and un- 
labeled human antibodies, some in- 
volving several hundred patients (9- 
13). This is somewhat surprising since 
the Jerne's idiotypic network hypoth- 
esis would predict the generation of 
anti-idiotype antibodies (14). Possibly 
these will be seen in more detailed 
investigations; however, HAHA ap- 
pears not to be a major limitation to 
the use of human antibodies for di- 
agnosis and therapy. 

Unfortunately, the production of 
human antibodies is not without tech- 
nological difficulties (15). These in- 
clude: the generation of stable human 
cell lines; adequate antibody produc- 
tion; availability of suitable immune 
lymphocytes and good fusion part- 

ners; and low antibody affinities. De- 
spite these limitations, labeled and un- 
labeled human antibodies are now 
available for testing in the clinic. 

To date, despite the lack of HAHA, 
radiolabeted human monoclonal IgM 
antibodies have not markedly im- 
proved either the selectivity or sensi- 
tivity seen in the clinic. Radioiodi- 
nated 16.88 detected tumors greater 
than 4 cm in six of ten patients (12). 
In a second study, the same antibody 
detected 60% of tumors greater than 
2 cm but only 6% of smaller tumors. 
Radioiodinated 28A32, also a human 
IgM, detected only 31% of known 
lesions greater than 2 cm and failed to 
detect any smaller lesions (16). The 
large size (900K daltons) of human 
IgMs may be partially responsible for 
the lack of efficacy. The availability of 
human IgGs (mole wt 140K daltons) 
may overcome some of the limita- 
tions. 

Such a human protein, an IgG3(k), 
was reported by De Jager et al. (17). 
The antibody, 88BV59, recognizes an 
intracytoplasmic tumor associated an- 
tigen. Lesions as small as 0.5 cm were 
imaged and no anti-human response 
was detected when 88BV59 labeled 
with 99mTc was used in colorectal pa- 
tients. Since 88BV59 reacted moder- 
ately to strongly with 11/12 colon tu- 
mor xenografts, 17/23 primary colon 
tumors, 15/18 breast tumors, 10/13 
ovarian tumors, 7/9 pancreatic tu- 
mors, 2/2 lung adenocarcinomas and 
1/2 squamous lung carcinomas, it has 
the potential of being the long sought 
"pancarcinoma" antibody (18). In ad- 
dition to its potential as a cartier of 
radioactivity, is the possibility that as 
an IgG3(k), this antibody may partic- 
ipate in the host immune response 
and contribute antitumor activity. 

A second major question raised by 
the Meredith et al. paper is the reason 
for chimeric B72.3's rapid clearance. 
Waldmann in his classic review (19) 
reported that the plasma half-times for 
radioiodinated polyclonal human 
IgGs and IgMs in humans were 20 hr 
and 5.1 days, respectively. This is in 
sharp contrast to what has been re- 
ported for both radioiodinated chi- 

meric human-mouse and radioiodi- 
nated human monoclonal antibodies. 
The chimeric B72.3, an IgG4, had a 
more rapid whole-body clearance 
than seen in a previous report on chi- 
meric 17-1A, an IgG~ (20). Is the dif- 
ference in clearance rates due solely 
to the disparity in isotype, or are there 
differences in antibody preparation, 
production or glycosylation which can 
account for the pharmacokinetic dif- 
ferences seen? Studies of four human 
IgMs, targeted to bacterial endotoxins, 
cytomegalovirus, glycolipid A, or a 
cancer-related antigen, demonstrated 
a plasma half-time of approximately 
20-30 hr (9-12). The reason or rea- 
sons for this disparity in clearance (5.1 
days for human polyclonal IgMs ver- 
sus 30 hr for human monoclonal 
IgMs) are unclear. Perhaps the radio- 
iodination procedure used changed 
either monoclonal or polyclonal anti- 
bodies pharmacokinetics. Or perhaps 
a very different conclusion can be 
drawn from the study of naturally oc- 
curring polyclonal versus laboratory- 
made monoclonal antibodies result- 
ing from factors such as differences in 
glycosylation. 

A third question is the use of "sec- 
ond generation antibodies," including 
antibodies generated to purified anti- 
gens such as TAG 72, which express 
higher avidity and more rapid bind- 
ing. Since there are many nonimmu- 
nologicai factors that control the up- 
take of antibody by tumor, it is not 
clear whether the use of second gen- 
eration antibodies with increased 
specificity and/or avidity will, by it- 
self, markedly change the antibody 
accretion. Second generation TAG 72 
antibodies when tested in xenograft 
models showed only modest increases 
in tumor uptake above that of the 
original B72.3 (21). There are, as yet, 
no reports of clinical studies of these 
antibodies. In addition to immuno- 
logical factors, several physiological 
factors play major roles in determin- 
ing the degree of antibody accumula- 
tion. The relative permeability of the 
tumor vasculature is a major deter- 
minant in the uptake of radiolabeled 
antibody by tumor (22). Lack oflym- 
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phatic drainage leads to an increase in 
the interstitial pressure found in tu- 
mors; this in turn leads to the collapse 
of the small capillaries and aberrant 
blood flow (23). Reduced fluid flow 
rates, due to the increased pressure, 
combined with the slow diffusion rate 
of macromolecules, produces slow 
migration rates for antibodies. An IgG 
will take 2-3 days to move 1 mm, 
while it will take 0.5-l day for a Fab 
to migrate the same distance (24). The 
slow migration rate combined with 
high interstitial pressure results in a 
reduced tumor accretion of antibody, 
which will not be overcome simply by 
increasing antibody specificity and/or 
affinity. 

An alternative approach to murine 
and human monoclonal antibodies is 
the single chain binding protein. This 
protein is considerably smaller than a 
Fab antibody fragment and possesses 
antigen binding ability. A recombi- 
nant single chain protein having tu- 
mor targeting ability has been re- 
ported by Colcher et al. (25). This 
protein, when radioiodinated, dem- 
onstrated more rapid blood clearance 
than a Fab, yet maintained a high 
degree of specific tumor localization 
relative to retention in blood and nor- 
mal tissue. Unfortunately, because of 
its rapid clearance, its absolute tumor 
uptake in tumor xenografts was much 
lower than that seen with murine IgGs 
and Fabs. Since single-chain binding 
proteins are smaller molecular enti- 
ties, methods may be found to modify 
the protein to tailor its biodistribution 
and pharmacokinetics to suit the clin- 
ical needs. 

Finally, the suggestion by Meredith 
et al. for research into other radio- 
nuclides is of value. Nonspecific up- 
take and catabolism of radiolabeled 
antibodies lead to rapid clearance and 
increased nontarget organ uptake and, 
in therapeutic applications, toxicity. 
This phenomenon is determined not 
only by the nature of the targeting 
molecule, but by its radionuclide and 
conjugation chemistry. For example, 
uptake of the radioiodinated IgG by 
liver hepatocytes is similar to that of 
radio-indium labeled IgG, but reten- 

tion time due to catabolism of the 
protein and trapping of the radio- 
nuclides differ greatly (26). Other 
radionuctides and/or different chela- 
tion chemistries may result in im- 
proved diagnostics and therapeutics. 

At this time, we cannot answer the 
original question: is the concept of the 
use of radiolabeled monoctonal anti- 
bodies for cancer diagnosis and ther- 
apy a chimera, "an illusion or fabri- 
cation o f t  he mind, especially an un-  

r e a l i z a b l e  dream." While the results 
from initial clinical trials have not 
lived up to our earlier expectations, 
we now have a better understanding 
of the problems that need to be solved. 
Improved immunological reagents 
(e.g., human IgGs, single-chain bind- 
ing proteins, etc.) and better chelation 
chemistry combined with a greater 
knowledge of tumor physiology (vas- 
cularity and permeability, interstitial 
pressure, non-target antibody uptake 
and catabolism) should eventually 
make the dream a reality. We have 
just started to approach these prob- 
lems and should be able to overcome 
them with combined efforts in chem- 
ical, physiological and immunological 
research. The result will be that the 
high specificity and affinity of mono- 
clonal antibodies will eventually serve 
as the basis of in vivo radioisotopic 
diagnosis and therapy of cancer. 

Howard Sands 
Dupont Merck Pharmaceutical 

Company 
l, Vilmington, DeJaware 
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