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TumorImagingwith MonoclonalAntibodies

The recent advent of hybridoma technology has introduced another dimension to the use of anti
tumor antibodies for tumor imaging and therapy. Because of the immunospecific character and
advantages in the production of monoclonal antibodies, as a result of in vitro hybridization tech
niques, they appear to be more desirable than conventional, polyclonal antibodies for these pur
poses. Both the ease of monoclonal antibody purification and the ability to reproduce this purified
preparation are superior to that of conventional antisera. Particularly burdensome has been the
need to undertake extensive purification to remove irrelevant immunoglobulins from conventional
antisera, a procedure unnecessary with hybridoma methods. The role of monoclonal antibodies for
tumor imaging and therapy is as yet undetermined, however, and thus constitutes a major interest
among investigators in this field. Whether the results with one specific or one group of monoclonal
antibodies in a particular tumor model or cancer type can be extrapolated to others will certainly
provide incentive for much future investigation. Translating the results of such studies to the clini
cal situation will present still another significant challenge.

The article by Wahl et al. (1 ) demonstrates that in a specific human colonic carcinoma xeno
graft model, the F(ab')2 bivalent antibody fragment of a distinct monoclonal antibody raised
against carcinoembryonic antigen (CEA) is superior to intact antibody or the monovalent Fab
preparations for tumor imaging with I-i 31 . The authors report that radiolabeled F(ab')2 monoclo
nal anti-CEA IgG will permit earlier imaging of CEA-containing tumors than will the correspond
ing intact antibody and that background subtraction techniques, similar to those first developed
to permit successful tumor imaging with radioactive antibodies in clinical studies and since known
as radioimmunodetection of cancer (2), could contribute to improved tumor definition. The use
of an irrelevant immunoglobulin F(ab')2 with a different label than that of the specific antibody
is surely a provocative suggestion for improved and more rapid tumor imaging. As Wahl and his
coworkers appreciate, large doses of the bivalent antibody fragment preparation may provide bet
ter imaging results, especially with smaller tumors. In this regard, it will be necessary to image tu
mors less than 5 g and acquire localization data on tumors less than I g in weight. A better evalua
tion of the radioimmunodetection capabilities of an antibody in this tumor model is achieved with
neoplasms below this size (3).

The rate of clearance of antibody from the circulation and from nontarget tissues, together with
its rate of uptake, amount of accretion, and residence time in tumors, will all influence tumor
imaging at any particular time. It has been found that both monoclonal and polyclonal antibodies
reach their maximum levels in tumors within 24 to 48 hr after injection, decreasing thereafter
(4,5). During this early period, methods that facilitate clearance of antibody without interfering
with maximum tumor accretion would afford improved tumor imaging. The use of antibody frag
ments, as described in the article by Wahl and associates (1 ), as well as in previous studies with
monoclonal antibodies used in different animal models (6,7), appears to fulfill this requirement.
Another approach is the administration of liposome-entrapped second antibody to enhance clear
ance of circulating radiolabeled antibody, resulting in improved tumor imaging (8). In my view,
use of the second antibody (directed against the first bearing the radiolabel) without liposomes is
at least equally effective (Goldenberg et al., unpublished results, 1983).

While the article by WahI et al. (I ) deals with the advantage of the bivalent fragment over the
monovalent fragment or intact monoclonal antibody for tumor imaging, it does not offer a com
parison with the similar fragment ofa conventional, affinity-purified anti-CEA IgG. The possibili
ty that a monoclonal antibody may target better than a polyclonal one may be based on the suppo
sition that antibody against the targetable epitope(s) can be produced in higher quantities with
monoclonal antibody. This suggests, however, that suitably prepared polyclonal antibodies should
be equally effective as monoclonal antibodies for tumor targeting. In fact, the more restricted
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specificity of the monoclonal antibody could be a disadvantage if there is considerable heterogene

ity in the expression in neoplasms of a particular epitope recognized by the monoclonal antibody.

In one clinical study, monoclonal and polyclonal (affinity-purified) antibodies against CEA gave
similar imaging results and tumor uptake, based on a comparison in a limited number of patients
(9). It is thusstill unresolvedwhethermonoclonalantibodieswill alleviatesomeof the problems
encountered in the radioimmunodetection of cancer with polyclonal antibodies. Nevertheless, the
use of monoclonal antibodies to identify potential targets for radioimmunodetection and for anti

body-mediated therapy will undoubtedly make these preferred vehicles for diagnostic and thera
peutic reagents.

In the past, consideration has been given exclusively to the use of single antibody preparations
for tumor imaging or therapy. It may be, however, that highly specific and restricted monoclonal
antibody preparations are not as effective for localization or therapy as antibody mixtures. Such
mixtures may be of antibodies directed against different determinants of the same antigen, such
as with CEA monoclonal antibodies (10), or against different antigens of the same tumor cells

(1 1 ). Antibody mixtures should provide an increased accretion of radioactivity or toxin in tumors,

especially neoplasms with heterogeneous cell populations with variable quantities of different epi
topes of an antigen or different tumor antigens expressed. This may have the desired result of im
proved resolution and better tumor:nontumor ratios, thus perhaps reducing the need for back
ground subtraction techniques. Such antibody mixtures for tumor localization and therapy may
be considered as â€œengineeredpolyclonal antibodies,â€•since different mixtures of epitope-restricted
monoclonal anti6odies are combined to produce more effective cancer detection and/or therapeu
tic agents. Indeed, this may well be the principal.contribution of monoclonal antibody technology
for tumor radioimmunodetection and antibody-mediated therapyâ€”the development of the proper
components of an engineered polyclonal antibody.

Radioimmunodetection is, alongside nuclear magnetic resonance, one of the newest and most
challenging diagnostic modalities, with applications reaching beyond oncology. During its gesta
tion of the last 30 years, improvements in antibody preparation and purification, tumor-marker
identification, and advances in imaging instrumentation and antibody labeling have all contri
buted to a resurgence of interest in the use of radiolabeled antibodies for specifically disclosing
tumor sites by means of external imaging methods (12,13). The advent of monoclonal antibodies
with their exquisite specificity and capacity to recognize more tumor-distinct markers will repre
sent a further contribution toward the establishment of radioimmunodetection as a standard de
tection method. But even at its current stage of development, radioimmunodetection with I-i 31
labeled antibodies against CEA, alpha-fetoprotein, human chorionic gonadotropin, prostatic acid
phosphatase, and insulin has proved useful in the assessment of sites of tumor in previously diag
nosed cancer patients, revealing neoplasms as small as 1.5â€”2.0cm (2,14â€”22).It is for these rea
sons that the corresponding advances to be expected in the labeling of antibodies with more suit
able radionuclides for imaging, in the use of single-photon emission computerized tomography,
and in the development of simpler and more specific background subtraction techniques, if needed,
will undoubtedly contribute to the maturation of radioimmunodetection to a common role in the
detection and staging of cancer. Finally, the ability to localize cancer with antitumor antibodies
serves as an obvious basis for using such antibodies for therapy, particularly monoclonal anti
bodies that show properties of organ- and tumor-specificity by radioimmunodetection.
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Erratum
In the article entitled â€œImagingof Melanoma with 1-131-LabeledMonoclonalAntibodies,â€•February 1983, \iblume 24, pp.
123-129, Figure 2 should appear as follows:
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FIG.2. PatIentMR.(No.5 InTable1).Posteriorscintigramof
@IteaIlbssae. Inni@tpopilteal fossa, uptake Is seen Inmetastatic

melanoma. Scintigram obtaIned 48 1wafter injection; Image Is un
processed.
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