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TUMOR DETECTION WITH HUMAN MONOCLONAL ANTIBODIES

Clearance of '*I-labeled 16-88 from the circulation followed
a biphasic pattern as shown in Table 2. Measured over 0-24 h,
0-48 h, or 24-48 h the apparent half-life of '**I-labeled 16-88
in serum was 7 to 8 h. The rapid component lasted 48 h and
removed all but 1-2% of the injected dose. The slower compo-
nent measured from 24 to 96 h or 48 to 96 h had an apparent
half-life of 12 h and reduced the circulating radioactivity to
0.1% of the injected dose.

Clearance from spleen, liver, kidney, and thigh muscle
showed an initial rapid clearance for the first 24 h with apparent
half-life retention of '**I-labeled 16-88 of 8 h (spleen), 5 h
(liver), 12 h (kidney), and 9 h (muscle). The slower clearances
from 24 to 96 h were at rates of 19 h (spleen), 17 h (liver), 24
h (kidney), and 16 h (muscle). For both the rapid and slower
clearance phases, the kidney was substantially slower in remov-
ing the radioactivity than were the other organs. Most signifi-
cant, however, was our finding that the rapid clearance over the
first 24 h reduced the radioactivity in these organs and tissues
to 1.5% or less of the injected dose.

An ELISA for human IgM was used to monitor 16-88
antibody concentrations in mouse serum. Experiments using
crude or purified antibody showed no difference in clearance
rates from serum as determined by ELISA, demonstrating that
our results were not influenced by denaturation of the antibody
during purification. Furthermore, iodination of 16-88 did not
affect the serum clearance rate as shown by the fact that
radiolabeled and unlabeled 16-88 cleared identically when com-
pared in separate groups of mice. In mice given injections of
15]_]abeled 16-88, both the '2°I label and 16-88 antibody cleared
from the serum at the same rate.

There was no evidence of any increase in free '>I in the
mouse serum since the proportion of serum '*I bound to acid-
precipitable protein remained between 90 and 95% for at least
24 h, the period required to clear 93% of the injected dose.
After 24 h there was too little remaining activity in the serum
to determine the protein-bound fraction.

The pharmacokinetic properties of antibody 28A32 in the
non-tumor-bearing nude mice were very similar to those of 16-
88, also exhibiting a serum half-life of 6 to 8 h for the initial
24 h postinjection and initial tissue clearance rates of 5-12 h
for liver, spleen, muscle, and kidney.

Tumor Xenograft-bearing Mice. No remarkable difference in
the kinetics of clearance of '**I-labeled monoclonal antibody
from the circulation and normal tissues was seen when mice
bearing human colon tumor xenografts and control mice were
compared. The clearance curves from the tumor-bearing mice
were very similar to those of non-tumor-bearing mice (Fig. 1).

The pattern of antibody accumulation and clearance from the
tumor xenograft tissue was markedly different from that of the
normal mouse tissues. Accumulation of antibody in tumor
tissues reached a peak 2 h after injection but antibody cleared
much more slowly from tumor tissue than from the normal
tissues (Fig. 1). The half-life of '**I-labeled 16-88 and 28A32 in

Table 2 Clearance of '*I-labeled 16-88 from serum and tissues of non-tumor-

bearing nude mice®
Half-life (h)
Serum  Spleen Liver Kidney Muscle
Time peak to 24 h® 7 8 5 12 9
24hto9%h 12 19 17 24 16

¢ Animals received 50 ug, 50 xCi, '**I-labeled 16-88 i.v. Serum and tissues
were collected from 15 min to 96 h postinjection.
Rapid phase of serum and tissue clearance was measured from the time of
peak activity (cpm/g) to 24 h. Peak activity occurred at 15 min for serum, spleen,
and liver and at 2 h for kidney and skeletal muscle.
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Fig. 1. Clearance of '**I-labeled 16-88 from tumor (®), kidney (A), spleen (O),
serum (W), liver (O), of non-tumor-bearing (- - - -) and THO tumor xenograft-
bearing (——) nude mice. Each animal received 50 ug (50 uCi) *I-labeled 16-
88 i.v. at time 0. Groups of three animals were sacrificed at 15 min and 1, 2, 4,
8, 24, and 48 h postinjection. Serum and tissues were monitored for incorporation
of '], and the data were expressed as a fraction of the peak activity (cpm/g)
which occurred 15 min (liver, serum, spleen tumors) or 2 h (kidney, tumors)
postinjection.
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Fig. 2. Specific localization and retention of human monoclonal antibody in
THO tumor xenografts. Tumor xenograft-bearing nude mice were given injections
i.v. of 50 ug 16-88, 28A32, or control human myeloma IgM. Groups of three
animals were sacrificed at 8 h and 1, 2, 4, and 8 days postinjection. '*I cpm/ml
serum (M) and '*I cpm/g of tumor (@), spleen (O), kidney (), liver (O), and
skeletal muscle (O) were determined.

tumor tissue was 48 to 72 h compared to 8 to 12 h for the
normal tissues. Using indirect peroxidase staining of tumor and
normal mouse tissues for the detection of human IgM, we
determined that antibody was retained by tumors, and there
was no detectable antibody in normal livers 2 days postinjection.
This experiment confirmed that antibody was retained in the
tumor and was cleared from the normal tissues eliminating the
possibility that differences in rates of clearance were related
entirely to differences in the metabolism of the !> radiolabel.
The retention of 16-88 and 28A32 in the tumor was antibody
specific. Fig. 2 shows the activity in tumor and normal tissues
up to 7 days after injection of '**I-labeled 16-88, 28A32, or a
control human myeloma IgM. Only 16-88 and 28A32 were
retained in tumor tissues, the control IgM cleared from tumor
tissues as rapidly as from normal tissues. When the data shown
in Fig. 2 are expressed as a percentage of the injected dose,
comparisons between specific and nonspecific antibody accu-
mulation in the tumor xenografts can be made. At 4 and 8 days
postadministration the differences in tumor uptake between the
control IgM and both 16-88 and 28A32 are significant to at
least the 95% confidence limit (P < 0.05) as determined by the
standard Student’s ¢ test. Also, the difference between tumor
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TUMOR DETECTION WITH HUMAN MONOCLONAL ANTIBODIES

and serum levels of human antibody on days 4 and 8 postad-
ministration are significantly (P < 0.05) different for mice given
injections of 16-88 and 28A32 but not for those that received
the control IgM.

Tumor:normal tissue ratios for 16-88 and 28A32 reached a
peak 4 to 7 days after injection (Table 3). No peak of IgM
retention was seen, and only twice were the tumor:normal ratios
for the control IgM greater than 1.0, substantiating the tumor
specificity of these antibodies. In this experiment, tu-
mor:normal ratios greater than 1.0 were seen for 16-88 and
28A32 as early as 3 days after administration. The peak tu-
mor:serum ratios of 7.2:1 for 16-88 occurred at 4 days and
5.8:1 for 28A32 occurred at 8 days. Both ratios were quite
sufficient for detecting tumor and compared quite favorably
with results obtained with murine antibodies in murine model
systems. The tumor:serum ratios were expressed on the basis
of the ratios of cpm/g tumor:cpm/ml serum. The tumor:blood
ratio was nearly twice the tumor:serum ratio since the cellular
elements of the blood excluded the radiolabeled antibody.

The tumor:normal tissue ratios (cpm/g) were not affected by
the quantity of antibody administered over the range of 10 ug
to 160 ug, by the specific activity of the radiolabel (0.5 uCi/ug
to 2.0 uCi/ug), or by the size of the tumor xenograft (0.5 to 3.0
g). However, the total activity in the tumor did increase with
tumor size and the amount of radiolabeled antibody adminis-
tered. Optimal detection of '**I-labeled antibody occurred with
1.0 to 2.0 g tumor and 50 to 100 nCi of radiolabeled antibody.
For the experiments described in Table 3 and Figs. 1 and 2 the
average tumor size was 0.56 g with the standard deviation of
0.34 g reflecting the growth of the tumor during the 8-day study
period. There was no significant difference in tumor size among
animals receiving human antibodies 16-88 or 28A32 or the
control human IgM. Optimal detection of !*’I-labeled antibody
occurred with 1.0 to 2.0 g tumor and 50 to 100 nCi of radiola-
beled antibody.

Localization of 16-88 and 28A32 was seen with several tumor
xenografts as well as with the THO tumor used in most of these
experiments. Both 16-88 and 28A32 reacted better with more
highly differentiated colon tumors in immunohistochemical

Table 3 Ratio of the amount of '**I-labeled antibody per g tumor to the amount
of '**I-labeled antibody per g of normal tissue or per ml serum as determined at
3, 4, 7, and 14 days after administration of 50 ug (approximately 50 uCi) '*I-
labeled antibody 16-88, 28432, or control IgM

3 days 4 days 7 days 14 days
16-88
Serum 1.1:1 7.2:1 5.2:1 1.9:1
Spleen 2.5:1 13.0:1 15.1:1 1.7:1
Liver 3.6:1 6.7:1 4.7:1 0.5:1
Kidney 5.5:1 13.4:1 10.0:1 1.0:1
Tumor
% injected 1.0 0.7 0.3 0.2
cpm 1.1 x 10® 0.8 x 10°
28A32
Serum 0.6:1 4.4:1 5.8:1 3.8:1
Spleen 2.6:1 7.1:1 3.9:1 0.5:1
Liver 2.9:1 7.3:1 3.4:1 0.4:1
Kidney 1.5:1 4.6:1 2.9:1 0.3:1
Tumor
% injected 0.7 0.8:1 0.3 0.02
cpm 1.3 x 10° 0.8 x 10*
IgM
Serum 0.4:1 0.5:1 0.8:1 0.2:1
Spleen 0.7:1 0.3:1 0.7:1 0.1:1
Liver 1.5:1 0.5:1 0.6:1 0.2:1
Kidney 0.7:1 0.7:1 1.3:1 0.3:1
Tumor
% injected 03 0.2 0.2 0.03
cpm 0.4 x 10° 0.6 x 10°

studies. To further establish the specificity of the human anti-
body localization, we performed several experiments with a
poorly differentiated colon tumor xenograft (EPP) which re-
acted poorly with 16-88 and 28A32 as determined by indirect
peroxidase staining. Fig. 3 shows the tumor:normal tissue ratios
4 days after mice bearing the THO or EPP xenograft were
given injections of antibody. Results with 16-88 in mice bearing
the 16-88-reactive ATK colon tumor xenograft are also pre-
sented. As predicted by the indirect peroxidase staining results,
there was little localization of 16-88 or 28A32 in the poorly
reactive EPP xenograft and excellent retention of antibody by
the strongly reactive THO and ATK xenografts. The low ratios
with the EPP xenograft were the result of lack of retention of
the antibody in the tumor and not to poor access of the antibody,
as shown by the finding that approximately the same amount
of '*I-labeled 16-88 (2%) was taken up by both the EPP and
THO tumors. However, the labeled antibody was cleared from
the EPP tumor at the same rate as from normal tissues, whereas
clearance from the THO xenograft was much slower.

Results of radioimmunoscintigraphy with '*’I-labeled 16-88
and 28A32 in mice bearing THO xenografts (right side) and
contralateral EPP xenografts are shown in Fig. 4. With both
16-88 and 28A32 the reactive THO xenograft was easily seen
by day 4. At 8 days, although the THO xenografts were still
obvious, the thyroid was the only detectable normal tissue. The
EPP xenograft was poorly visible at day 8 in the mice given
injections of 16-88 and was not detected at any time in the mice
given injections of 28A32.

DISCUSSION

This study showed that human IgM monoclonal antibodies
can localize selectively and be retained by reactive primary
human tumor xenografts on nude mice. The retention of anti-
body in the tumors together with the rapid clearance of the
labeled antibody from normal tissues allowed us to detect
tumors by external radioimmunoscintigraphy 2 to 4 days after
injection of the antibody. Ratios of the amount of activity in
serum to that in tumor adjusted to an activity per ml of serum
or per g of tumor gave values typically in the range of 6:1 to
8:1 or more with both human IgM antibodies. These values are
comparable to tumor:blood ratios of 10:1 to 14:1, which are
considered very good when achieved with a murine antibody in
a syngeneic system and are consistent with a very strong exter-
nally detected tumor image (21-23). The 7- to 8-h circulating
half-life of the human antibody was not surprising since earlier
studies showed that various murine IgM monoclonal antibodies
had 4 to 18 h circulating half-lives in tumor-bearing nuce mice
(22-24) and since the human antibody, as a foreign substance
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Fig. 3. Localization of '*I-labeled 16-88 and '*I-labeled 28A32 in colon
tumor xenografts THO, EPP, and ATK. Ratio of '**I cpm/g in tumor xenograft
tissue compared to serum (W), spleen (B), liver (O), and kidney (B) 4 days after
i.v. injection of 50 ug '*°I-16-88 or 50 ug '*°I-28A32.

4351

20z Jaquiada( 60 U0 3sanb Aq Jpd-81E1S L 08Y0I0/Y L EZEYZ/8YEY/S LI8Y/Pd-BoNIE/SBLI80URD/6I0 Sjeunolioee//:djy woly papeojumoq



TUMOR DETECTION WITH HUMAN MONOCLONAL ANTIBODIES

Day 8

Fig. 4. Radioimmunoscintigraphy of nude mice bearing contralateral human
colon tumor xenografts EPP (left flank) and THO (right flank). Images were
recorded 1, 4, and 8 days after i.v. administration of 100 ug '**I-labeled 16-88 (4)
or '*I-labeled 28A32 antibodies (B).

in the mouse, would be expected to be cleared quickly. The
situation in patients will be interesting since the circulating
half-life of IgM antibody in humans is 5 days (25). The rapid
clearance of human antibody from the mouse circulation could
also have been the result of denaturation of the antibody, as
indicated by the fact that we were able to increase the rate of
clearance of human IgM in mice by heat denaturing the anti-
body. However, we confirmed the full functional integrity of
the antibody used in each experiment and performed pharma-
cokinetics studies to show that purification and radiolabeling
did not denature the antibody. For 16-88 we were able to assay
the mouse serum for the cognate antigen (CTA 1). We found
no evidence of the antigen in the mouse serum. Similarly, an
ELISA for natural antibody reactive with the human IgM
showed no evidence of anti-human antibody in the nude mouse.
We conclude that for these two human monoclonal antibodies,
7 to 8 h is the circulating half-life in the mouse circulation.
This finding probably cannot be generalized, however, because
tests of another recently developed human antibody showed
that it persists in the mouse circulation a much longer time (13
h serum half-life).

In colon cancer, if not in all cancers, there is little likelihood

that radioimmunoscintigraphy with radiolabeled antibodies will
ever be extensively used for detection of primary tumors. Cur-
rent radiographic and endoscopic procedures are highly accu-
rate and sensitive techniques for finding primary colon tumors.
The contribution of radioimmunoscintigraphy to patient man-
agement will be in those areas where improvements are most
needed: staging of tumors: monitoring disease progression;
detecting recurrence; and, possibly, specific tumor therapy.
Antibody will be most useful if it can be given frequently over
a long period as the targeting component in several different
therapeutic/diagnostic regimens. Diagnostic images developed
early in the disease will be most useful when compared with
images obtained later with the same antibodies as the disease
progresses or as therapy reduces the amount of disease. Anti-
body-delivered therapeutic agents will be most effective if they
can be administered over long periods and if antibody can
continue to be used as the carrier as the need for new agents
and new protocols develop. Thus it is of paramount importance
that the patient does not develop an immune response to the
antibodies. The advantages of human or human-mouse chimeric
antibodies over murine antibodies are clear. Only allotypic and
idiotypic determinants are potentially immunogenic with hu-
man monoclonal antibodies. Any immune response that does
develop should be less intense than that elicited by murine
antibody and should occur much later in the course of admin-
istration than the response of patients to murine IgG and IgM.
Allotypic and idiotypic responses can be managed by varying
the specific human antibody used, e.g., using human antibodies
of different idiotype to the same antigen or human antibodies
to other antigen(s) or with antibody to the same epitope derived
from a different patient. Human anti-mouse antibody responses
cannot be circumvented in this way and result in rapid removal
of circulating antibody and its concentration in the spleen and
liver, increasing the radioactive (or toxic drug) dose to this
organ (6) and reducing the efficacy of tumor detection overall,
especially in the liver. With murine Fab fragments the problem
remains that at least 50% of patients will develop human
antimouse antibody responses directed toward the common
regions of the Fab fragment as well as anti-idiotype responses
after receiving murine monoclonal antibodies (3). Thus, mono-
clonal human antibodies or human-mouse chimeric antibody
are the only appropriate alternatives if antibody-mediated tu-
mor detection and therapy are to realize their full potential.
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