19.
20.

21.

22.

23.

24.
15.

26.

27.

28.

29.

30.

31.

with reactive adenocarcinomas (AC): comparison to ln-I I l-labeled B72.3
[Abstract]. J Nucl Med 1990;31:725.
Harwood SJ, Carroll RG, Webster WB, et al. Human biodistribution of
Hqn-labeled B72.3 monoclonal antibody. Cancer Res 1990;50:932s-936s.
Cotcher D, Minelli MF, Roselli M, Muraro R, Simpson-Milenic D, Schlom
J. Radioimmunolocatization of human carcinoma xenografts with B72.3
second generation monoclonal antibodies. CancerRes 1988;48:4597--4603.
Begent RHJ, Ledermann JA, Bagshawe KD, et al. Chimeric B72.3 antibody
for repeated radioimmunotherapy of colorectal carcinoma. Antibody lmmunoconjug Radiopharm 1990;3:86.
Johnston WW, Szpak CA, Lottich SC, Thor A, Schlom J. Use of a
monoclonal antibody (B72.3) as an immunocytochemical adjunct to diagnosis of adenocarcinoma in human effusions. Cancer Res 1985;45: t 8941900.
Radiation Therapy Oncology Group (RTOG). Toxicity criteria. Copies
available from RTOG Office, 1101 Market Street, 14th Floor, Philadelphia,
PA 19107.
Stewart JSW, Hird V, Snook D, et al. Intraperitone',d yttrium-90-1abeled
monoclonal antibody in ovarian cancer. J Clin Oncol 1990;8:1941-1950.
Meredith RF, LoBuglio AF, Plott WE, et al. Pharmacokinetics, immune
response and biodistribution of '3q-labeled chimeric mouse/human IgG 1,k
17- l A monoclonal antibody. J Nucl Med 1991 ;32:1162-1168.
Ellett WH, Humes RM. MIRD Pamphlet No. 8: absorbed fractions for
small volumes containing photon-emitting radioactivity, J Nucl Med
1971; 12(suppl 5):26-32.
Snyder WS, Ford MR, Warner GG, et al. Absorbed dose per unit cumulated
activity for selected radionuclides and organs. MIRD pamphlet no. 11. New
York: Society of Nuclear Medicine; 1975.
Fraker PJ, Speck JC, et al. Protein and cell membrane iodination with a
sparingly soluble chloramide, 1, 3, 4, 6-tetrachloro-3a, 6a-dio-phenytglycoluril. Biochem Biophys Res Commun 1978;80:849-857.
Kazikiewicz JM, Zimmer AM, Spies SM, et al. Rapid miniaturized chromatography procedures for iodinated monoclonal antibodies: Comparison
to gel exclusion chromatography. J Nud Med Technol 1987;15:129-131.
Lindmo T, Boven E. Cuttitta F, et al. Determination of the immunoreactive
fraction of radiolabeted monocional antibodies by linear extrapolation to
binding at infinite antigen excess. J Immunot Meth t984;72:77-89.
LoBuglio AF, Wheeler RH, Trang J, et al. Mouse/human chimeric monoclonal antibody in man: kinetics and immune response. Proc Natl Acad
Sci USA 1989:86:4220-4224.

32. Loevinger R, Berman M. A revised schema for calculating the absorbed
dose from biologically distributed radionuclides. MIRD pamphlet no. 1,
Revised. New York: Society of Nuclear Medicine: 1976.
33. Lenhard RE Jr, Order SE, Spunberg J J, Asbell SO, Leibel SA. Isotopic
immunoglobulin: a new systemic therapy for advanced Hodgkin's disease.
J CTin Oncol 1985:3:1296-t300.
34. Order SE, Stillwagon GB, Klein JL, et al. Iodine-131-antiferritin, a new
treatment modality in hepatoma: a radiation therapy oncology group study.
J CTin Oncol 1985;3:1573-I 582.
35. Khazaeli MB, Meredith RF, Wheeler RH, et at. Pharmacokinetics ofsing/e
and repeated therapeutic ~~q-doses of mouse/human chimeric monoclonal
antibody chB72.3 in colorectat carcinoma patients [Abstract]. Antibody
Immunoconjug Radiopharm ! 991 ;4:42.
36. Khazaeli MB, Sateh MN, Wheeler RH, el al. Phase I trial of multiple large
doses of murine monoclonal antibody CO17-1A. II. Pharmacokinetics and
immune response. J Nail Cancer lnst 1988:80:937-942.
37. Colcher D, Carrasquillo JA. Esteban JM, et al. Radiolabeled monoclonal
antibody B72.3 localization in metastatic lesions of colorectal cancer
patients. Nud Med Biol 1987;14:251-262.
38. Siegel JA, Pawlyk DA, Lee RE, et al. Tumor, red marrow and organ
dosimetry for ~~tlqabeled anti-carcinoembryonic antigen monoclonal antibody. Cancer Res 1990;50:(suppt): 1039s- 1042s.
39. Press OW, Eary JF, Badger CC, et al. Treatment of refractory nonHodgkin's lymphoma with radiolabeled MB-1 (anti-CD37) antibody. J
Clin Oncol 1989:7:1027-1038.
40. Khazaeli MB. Saleh MN, Liu T, el al. Characterization of human immune
response to a diagnostic dose of murine B72.3 monoclonal antibody.
Antibody lmmunoconj Radiopharm 1991 ;4:212.
41. Morrison SL. Transfectomas provide novel chimeric antibodies. Science
1985 ;229:1202-1207.
42. Buchsbaum DJ. Lawrence TS. New trends in the use of radioimmunoconjugates for the therapy of cancer. Series: targeted diagnosis and therapy. In:
Rodweil J, ed. Targeted TherapeuticS vstems. Volume3. New York: Marcel
Dekker; 1989:215-255.
43. Muraro R, Kuroki M, Wunderlich D. et al. Generation and characterization of B72.3 second generation monoclonal antibodies reactive with the
tumor-associated glycoprotein 72 antigen. Cancer Res 1988:48:4588--4596.
44. Colcher D, Minelli MF. Roselti M, et al. Radioimmunolocalization of
human carcinoma xenografts with B72.3 second generation monoclonal
antibodies. Cancer Res 1988;48:4597-4603.

EDITORIAL

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).

research over the past
Considerable
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 preclinical and clinical evaluations demon-
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strated that these antibodies are subjected to the same physiological and
metabolic processes as drugs and hormones. As a result, the tumor accretion of these agents has been less than
originally hoped (2,3). In general, uptake 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 approximately 80% of known lesions were
detected (4-6). With rare exception
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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 definition 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 chimeric immunoglobulins. (see definition 1 above): most of the antibody is
human with binding sites derived
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from mouse protein. This paper describes a well-designed and well-executed Phase I therapeutic study of 131 Ichimeric B72.3 in patients with metastatic colorectal cancer. It is surprising to see that in this trial seven of
twelve patients developed antibody to
chimeric B72.3 after an initial infusion, 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 localization 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, including generation of antibodies to purified 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 chimeric nature of the protein is not
sufficient by itself to prevent the production of human antibodies against
them. Perhaps a more promising approach to the issue ofimmunogenicity
is the production of completely human antibodies. It is encouraging that
there have been no reports of human
anti-human antibody (HAHA) in several clinical trials of labeled and unlabeled human antibodies, some involving several hundred patients (913). This is somewhat surprising since
the Jerne's idiotypic network hypothesis would predict the generation of
anti-idiotype antibodies (14). Possibly
these will be seen in more detailed
investigations; however, HAHA appears not to be a major limitation to
the use of human antibodies for diagnosis and therapy.
Unfortunately, the production of
human antibodies is not without technological difficulties (15). These include: the generation of stable human
cell lines; adequate antibody production; availability of suitable immune
lymphocytes and good fusion part-
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ners; and low antibody affinities. Despite these limitations, labeled and unlabeled 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 improved either the selectivity or sensitivity seen in the clinic. Radioiodinated 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 limitations.
Such a human protein, an IgG3(k),
was reported by De Jager et al. (17).
The antibody, 88BV59, recognizes an
intracytoplasmic tumor associated antigen. 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 patients. Since 88BV59 reacted moderately to strongly with 11/12 colon tumor xenografts, 17/23 primary colon
tumors, 15/18 breast tumors, 10/13
ovarian tumors, 7/9 pancreatic tumors, 2/2 lung adenocarcinomas and
1/2 squamous lung carcinomas, it has
the potential of being the long sought
"pancarcinoma" antibody (18). In addition to its potential as a cartier of
radioactivity, is the possibility that as
an IgG3(k), this antibody may participate 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 reported for both radioiodinated chi-

meric human-mouse and radioiodinated human monoclonal antibodies.
The chimeric B72.3, an IgG4, had a
more rapid whole-body clearance
than seen in a previous report on chimeric 17-1A, an IgG~ (20). Is the difference 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 differences 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 reasons for this disparity in clearance (5.1
days for human polyclonal IgMs versus 30 hr for human monoclonal
IgMs) are unclear. Perhaps the radioiodination procedure used changed
either monoclonal or polyclonal antibodies pharmacokinetics. Or perhaps
a very different conclusion can be
drawn from the study of naturally occurring polyclonal versus laboratorymade monoclonal antibodies resulting from factors such as differences in
glycosylation.
A third question is the use of "second generation antibodies," including
antibodies generated to purified antigens such as TAG 72, which express
higher avidity and more rapid binding. Since there are many nonimmunologicai factors that control the uptake of antibody by tumor, it is not
clear whether the use of second generation antibodies with increased
specificity and/or avidity will, by itself, 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 immunological factors, several physiological
factors play major roles in determining the degree of antibody accumulation. The relative permeability of the
tumor vasculature is a major determinant in the uptake of radiolabeled
antibody by tumor (22). Lack oflym-
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phatic drainage leads to an increase in tion time due to catabolism of the
the interstitial pressure found in tu- protein and trapping of the radiomors; this in turn leads to the collapse nuclides differ greatly (26). Other
of the small capillaries and aberrant radionuctides and/or different chelablood flow (23). Reduced fluid flow tion chemistries may result in imrates, due to the increased pressure, proved diagnostics and therapeutics.
combined with the slow diffusion rate
At this time, we cannot answer the
of macromolecules, produces slow original question: is the concept of the
migration rates for antibodies. An IgG use of radiolabeled monoctonal antiwill take 2-3 days to move 1 mm, bodies for cancer diagnosis and therwhile it will take 0.5-l day for a Fab apy a chimera, "an illusion or fabrito migrate the same distance (24). The cation o f t he mind, especially an unslow migration rate combined with r e a l i z a b l e dream." While the results
high interstitial pressure results in a from initial clinical trials have not
reduced tumor accretion of antibody, lived up to our earlier expectations,
which will not be overcome simply by we now have a better understanding
increasing antibody specificity and/or of the problems that need to be solved.
Improved immunological reagents
affinity.
An alternative approach to murine (e.g., human IgGs, single-chain bindand human monoclonal antibodies is ing proteins, etc.) and better chelation
the single chain binding protein. This chemistry combined with a greater
protein is considerably smaller than a knowledge of tumor physiology (vasFab antibody fragment and possesses cularity and permeability, interstitial
antigen binding ability. A recombi- pressure, non-target antibody uptake
nant single chain protein having tu- and catabolism) should eventually
mor targeting ability has been re- make the dream a reality. We have
ported by Colcher et al. (25). This just started to approach these probprotein, when radioiodinated, dem- lems and should be able to overcome
onstrated more rapid blood clearance them with combined efforts in chemthan a Fab, yet maintained a high ical, physiological and immunological
degree of specific tumor localization research. The result will be that the
relative to retention in blood and nor- high specificity and affinity of monomal tissue. Unfortunately, because of clonal antibodies will eventually serve
its rapid clearance, its absolute tumor as the basis of in vivo radioisotopic
uptake in tumor xenografts was much diagnosis and therapy of cancer.
lower than that seen with murine IgGs
Howard Sands
and Fabs. Since single-chain binding
Dupont Merck Pharmaceutical
proteins are smaller molecular entiCompany
ties, methods may be found to modify
l,Vilmington, DeJaware
the protein to tailor its biodistribution
and pharmacokinetics to suit the clinical needs.
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