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We have evaluated the pharmacokinetics in patients of a monocional antibody (19-9) F(ab’),
fragment coupled with DTPA and labeled with !''In. In addition to imaging and organ uptake
determinations, serum and urine samples were analyzed to help determine the in vivo
behavior of the label. Using a competitive binding assay, the immunoreactivity of the
coupled fragment was found to be indistinguishable from that of the unmodified fragment.
The absence of radiocolloids in the injectate was confirmed as was the in vivo stability of the
attached DTPA groups. By a variety of techniques, we show that the only significant source
of label instability was transcomplexation to circulating transferrin. About 9% per day of

label exposed to transferrin (about 1-2% of the injected dose) dissociated with slight

bone

marrow accumulation. Following i.v. administration, serum activity levels fell rapidly (T1/2, 2
hr, T1/25 19 hr). Whole-body clearance of the label was slow (T1,2 160 hr) and may be
attributed entirely to urinary excretion (0.26 % of the injected dose per hour). Organ
accumulation was greatest in the liver and persisted after rapidly attaining high values (20 %
of the injected dose). A total of 14 cancer patients were studied, nine with identifiable sites
of metastatic disease from colorectal [8], pancreatic [2], ovarian [3], or small cell lung [1]
primaries. Eight of the 12 sites of documented tumor were visualized by external imaging

(67 %) most distinctly at 48—72 hr postadministration.
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Recent interest has focused on the application of
monoclonal antibodies directed against tumor-associ-
ated antigens as in vivo diagnostic (/-6) and therapeu-
tic reagents (7). These applications require knowledge
of the pharmacokinetics and biodistribution of anti-
bodies after administration to patients. Only through
the use of antibodies stably radiolabeled with gamma-
ray emitting radionuclides can these properties be de-
termined in patients. Although radioisotopes of iodine
have been employed for labeling antibodies, these la-
bels are not stable and significant deiodination may
occur rapidly in vivo (8).

We have recently described a method of labeling
antibodies and other proteins (9,10) using the bifunc-
tional chelate approach (1) in which the strong chela-
tor diethylenetriaminepentaacetic acid (DTPA) is co-
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valently attached to the antibody and used to bind
metallic radionuclides such as indium-111 (!!!In).

We have now conducted a clinical trial in 14 patients
using the F(ab’), fragment of a murine monoclonal
antibody (19-9) labeled with !!'In. The primary pur-
pose of this study was to evaluate the stability and the in
vivo distribution of the label in humans. Informa-
tion on the biodistribution is necessary in planning
diagnostic and therapeutic applications of mono-
clonal antibodies directed against tumor-associated
antigens.

MATERIALS AND METHODS

Antibody labeling and testing

The 19-9 antibody used in this investigation was
originally developed by Koprowski et al. (12) and is
directed against an oligosaccharide (designated CA 19-
9) found to be elevated in sera from patients with
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carcinomas of the upper gastrointestinal tract and large
bowel (13). Imaging studies in patients with radioiodin-
ated intact 19-9 and its F(ab’), fragment showed sig-
nificant accumulation of activity in the majority of
colorectal cancer sites studied (4).

The 19-9 antibody was produced by intraperitoneal
injection of hybridoma cells into pristane-primed
BALB/c mice and purified from the ascitic fluid by
chromatography on Protein-A-Sepharose CL-4B. The
F(ab’), fragments were produced by adding 1.0% (w/
w) pepsin to the IgG in 0.1M citrate buffer at pH 4.0
and incubating 16-18 hr at 37°C. Analysis by high
performance liquid chromatography (HPLC) of the
digest showed no remaining intact antibody. After puri-
fication by Protein-A-Sepharose CL-4B chromatogra-
phy, the F(ab’), fragments were routinely found to be
95% pure by HPLC analysis. Prior to release for human
use, the antibody* was independently shown to be apy-
rogenic by rabbit tests, to be sterile, and to be free of
murine viruses, ecotropic viruses, and reverse transcrip-
tases.

The coupling, purification, and labeling of the anti-
body fragments were performed under sterile condi-
tions in a laminar flow hood equipped with an uv lamp.
About 30 mg of the antibody was coupled with DTPA
using the cyclic anhydride (10) so that the average
number of attached DTPA groups per molecule was
less than one. The preparation was purified from free
DTPA ona 1 cm X 13 cm column of sterile Sephadex
G50. Following purification, protein concentration was
determined by uv absorbance (Eg 19 = 1.4 at 280 nm)
and the preparation made 1% with respect to sterile
HSA. The protein solution was then divided into 15
sterile 3-ml V vials so that each vial contained 1.0 mg of
antibody in about 70 ul. The vials were then sealed and
immediately frozen for storage.

The immunoreactivity of the DTPA coupled 19-9
F(ab’), was determined in a competitive binding assay
against radioiodinated 19-9. Uncoupled F(ab’), frag-
ments and fragments which had been coupled with an
average of 1.6 DTPA groups per molecule were pre-
pared in 0.05M citrate buffer, pH 4.0 containing 1%
BSA and 0.1% thimerosal. Each antibody was then
successively diluted in this buffer a total of 12 times so
that antibody solutions at 12 concentrations between
0.1 mg/ml and 2.5 X 10~ mg/ml were available. The
19-9 IgG antibody was radioiodinated with iodine-125
('251) using Bolton-Hunter reagentt to a specific activ-
ity of 12 uCi/ug. The radioiodinated protein was dilut-
ed in the same buffer and an equal volume added to
each of the 24 antibody solutions. The final concentra-
tion of the iodinated antibody in these solutions was
0.03 ug/ml. Polyethylene beads* which were first deri-
vatized and coupled with 19-9 IgG (/4) and then ex-
posed to the multivalent antigen CA 19-9 were incubat-
ed with each of the protein solutions in duplicate for 16
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hr at 22°C. Each bead was then washed three times
with distilled water and counted in a well counter.

Before each patient study, a vial was allowed to warm
up to room temperature, and research grade '!'InS,
which had been previously made 0.25M in sterile ace-
tate ion at pH 5.0 was added with a sterile plastic
pipette tip. About 2.0 mCi of activity was usually added
in about 40 ul. The content of the vial was then diluted
with 0.2 ml of sterile saline and drawn into a 3 ml
syringe along with an additional 2.0 ml of saline. A
0.2-ml aliquot was then transferred to serve as an activ-
ity standard and as a determination of radiochemical
purity. The latter was determined by HPLC analysis
using a single 7.8 X 300 mm I-125 gel exclusion col-
umn' and an in-line radioactivity detector connected
both to a chart recorder and to a multichannel analyzer
operating in multiscale mode (15).

Prior to clinical trials, several vials were selected at
random and reconstituted. In vitro pyrogen** tests
were performed and the results were confirmed with a
rabbit pyrogen* test performed commercially. Sterility
and safety testing were performed according to 21CFR
610.11 and 610.12.

Patient characteristics

Fourteen patients were studied, eight females and six
males. Median age was 54, with a range of 29-70. Ten
patients were receiving chemotherapy at the time of
antibody administration; four of these received che-
motherapeutic regimens containing cis-platinum. His-
tologic diagnosis included colorectal carcinoma [8],
pancreatic carcinoma [2], ovarian carcinoma [3], and
small cell lung cancer [1]. Nine patients had identifi-
able sites of metastatic disease by conventional staging
methods, while five patients were considered disease
free by conventional methods. All patients underwent a
pre-study evaluation consisting of a complete history
and physical examination, chest x-ray, complete blood
count, differential and platelet count, SMA 12, urina-
lysis, and serum creatinine. All patients signed In-
formed Consent and were studied with the approval of
the FDA (IND BB1863) and the appropriate
institutional review committees.

Antibody administration and imaging

Each patient was administered 1.0 mg of fragments
containing 1-2 mCi of !!!In either by rapid injection or
slow infusion (over 45-60 min) into a peripheral vein.
The patients were then observed continuously for the
first 2 hr. Following administration, blood samples,
urine samples, and feces were obtained. Blood studies
were repeated to measure changes from pre-injection
values.

Whole-body posterior images were obtained on an
Ohio-Nuclear large-field-of-view camera equipped
with a medium-energy collimator. Whole-body activity
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was estimated without absorption correction using a
program to convert the output of the scanning camera
into a digitized whole-body computer image (/6) and
by imaging with an aliquot of the injectate in the field of
view.

Quantitation of organ activities with attenuation cor-
rection was obtained by planar imaging on a Picker
International DynaScan SPECT camera equipped with
a medium-energy collimator. Computer-acquired an-
terior and posterior images were obtained and were
combined using an empirically determined relation of
arithmetic and geometric means which yield a uniform
sensitivity with depth for a given thickness of absorber
for point sources of !!'In. Using a 5’Co flood source, a
posterior transmission image and an image without the
patient were also obtained. The ratio of these two im-
ages was used in a quadratic relation to estimate region-
al patient thickness. This effective thickness was used in
a second quadratic relation which relates patient thick-
ness to camera sensitivity to yield regional activity in
microcuries (/7). The quadratic coefficients used in
these two equations had been previously determined
using an organ scanning phantom in which organ
activity was obtained to 10% accuracy (/8).

Sample analyses

Immediately upon clotting in vacutainers, blood
samples were spun down and the serum recovered. An
aliquot of each serum and urine sample was counted in
a well counter against a standard of the injectate. Se-
rum and urine samples were analyzed by gel filtration
chromatography using both open-column and HPLC to
help establish the chemical forms of !'!In in these
samples. A 1 cm X 173 cm column of Sephadex G200
(flow rate 5 ml/hr) and a 1 cm X 150 cm column of
Sephadex G 25 (flow rate 40 ml/hr) were both used at
room temperature with 0.1M phosphate buffer pH 7.3
eluant. For the rapid analysis of multiple samples,
HPLC was employed using a single 7.8 mm X 300 mm
300 SW column (molecular weight separation range
10,000 — 500,000 daltons for globular proteins) or a
single 7.8 X 300 mm I-125 column (molecular weight
separation range 2,000 — 80,000 daltons for globular
proteins) again with 0.1M phosphate buffer pH 7.0
eluants. In the case of serum samples, and occasionally
urine samples as well, the in-line radioactivity detector
was too insensitive to detect eluant radioactivity so that
the eluant was collected in fractions for counting in a
well counter.

Serum samples were also analyzed by affinity chro-
matography using an anti-19-9 affinity column and an
anti-human transferrin affinity column. The former
was used to determine the fraction of activity in serum
which was antibody-bound and the latter to determine
the fraction of activity in serum which was bound to
transferrin.
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The anti-19-9 affinity column was prepared by cova-
lently attaching 19-9 IgG to cyanogen bromide-activat-
ed Sepharose CL-4B and dividing the resin among
several 1.0 cm X 4.0 cm columns. The resin was rinsed
with a minimum of 4 ml of 0.05M sodium citrate at pH
4.0 containing 1% BSA and 0.001% thimerosal. Anti-
gen for the column was conditioned cell medium har-
vested from confluent SW 1116 cells derived from a
human colorectal adenocarcinoma (19). After adding
the multivalent antigen, the columns were washed with
5 ml of the citrate buffer. The sample to be analyzed
was then added and the column washed with 5 ml of the
buffer. Finally, the column was regenerated by washing
with 4 ml of 3M sodium thiocyanate followed by the
citrate buffer. The effluent was counted in a well
counter to determine the fraction of added activity
which was retained. The anti-transferrin column was
prepared by conjugating 4.0 mg of goat anti-human
transferrin antibody$$ with 1 g of cyanogen bromide
activated Sepharose CL-4B using standard methodolo-
gy. Several 0.5 cm X 1.0 cm columns were prepared and
washed with 0.2M PBS. A sample for analysis was
added to a column and the column rinsed with 5 ml of
PBS. The fraction of activity which eluted was deter-
mined by counting the eluant in a well counter againsta
standard. The columns were regenerated between uses
by washing with 5 ml of 3M sodium thiocyanate and re-
equilibrated with PBS.

Samples were analyzed as soon as possible after col-
lection. When necessary, the samples were stored at
refrigerator temperatures. To ensure that significant
changes were not occurring during storage, the earliest
sample was always re-analyzed at the end of a study.

Invitro serum incubations were performed by adding
labeled antibody to a concentration of 1 ug/mlin serum
(a concentration similar to that circulating in vivo) to
fresh serum either from patients or from healthy volun-
teers. Incubations were performed at 37°C and the pH
of the serum was monitored to ensure that it remained
near neutrality throughout each study.

The levels of circulating CA 19-9 antigen were deter-
mined by radioimmunoassay (/4) on serum samples
stored until !''In had decayed beyond detection limits.

RESULTS

The results of all tests to which the antibody was
subjected, both before and after coupling and labeling,
demonstrated that the injectate was safe for human use.
Radiochemical purity of the injectates averaged 95% +
3% as determined by HPLC analysis. Radioactivity
recovery during HPLC analysis averaged 97 + 3%
showing the absence of colloidal !'!'In activity (which is
retained by the HPLC column). Following the labeling
procedure outlined above, nonspecific binding of !!!In
to uncoupled 19-9 antibody fragments was undetecta-
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ble by HPLC analysis even in the absence of free
DTPA. HPLC analysis showed that about 4% of the
protein was present in dimeric forms generated during
the coupling with DTPA. These species were not re-
moved, in part because they possess immunoreactivity
(unpublished observations). The results of the competi-
tive binding assay (Fig. 1) show that coupled and un-
coupled F(ab’), fragments of 19-9 compete identically
within experimental error at all concentrations studied.

Each injection, whether infused or rapid, was tolerat-
ed without visible effect. No acute toxicity (hypoten-
sion, tachycardia, skin rash, bronchospasm) was seen in
any patient. No significant change in white cell and
platelet count, hemoglobin levels, renal function, or
liver function tests were seen by repeat blood tests
performed up to 2 wk following antibody infusion.
Counting of formed elements separated by centrifuga-
tion from blood showed no appreciable binding of
radioactivity at any time.

Antigen-antibody complex formation and
transcomplexation

Figure 2 shows the levels of circulating CA 19-9 in
patients following administration of the antibody. Anti-
gen levels varied considerably from patient to patient
and ranged from essential zero to more than 200 units/
ml. The majority of patients in this study had circulat-
ing antigen levels below 40 units/ml, a level which is
considered to be normal (/3). Moreover, in most pa-
tients, the antigen level dropped rapidly following anti-
body administration so that a minimum was reached in
30 min to 1 hr. Subsequently, the antigen levels slowly
increased until initial levels were again attained about
4 days later.

The results of 19-9 affinity chromatography are pre-
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=LOG ANTIBODY CONCENTRATION (mg/ml )

sented in Fig. 3. In each case there was a rapid decrease
in the percentage of activity in serum which binds to the
column followed by an equally rapid increase so that a
maximum was reached at about 1 hr. Thereafter,
column retention decreased slowly at about 5-9%/day.

Figures 2 and 3 show the effects of circulating anti-
gen and the formation of antigen-antibody complex.

5
\ 5 ——-/55
S~——§—§——§—— 5

100

CA19-9 SERUM LEVEL (Units, mi)

TIME (Hours)

FIGURE 2

Level of circulating antigen (CA 19-9) in patients compared
with time following administration of '!'In-labeled 19-9 anti-
body (log-log scale). Patients identified by number
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The presence of antigen-antibody complex is also ap-
parent in Fig. 4 which presents radiochromatograms
obtained by G200 chromatography. Trace A is a ra-
diochromatogram obtained by analysis of a serum sam-
ple collected at 20 hr post administration. The majority
of activity is labeled antibody but a high molecular
weight peak appears in the void volume in fractions 22-
27, due probably to antigen-antibody complex. Trace B
is the elution profile of [!!'In]DTPA-transferrin; com-
parison with trace A shows that only 9-10% of the
activity in serum at 20 hr was bound to transferrin as
evidenced by the slight shoulder at fractions 40-43 on
the antibody peak.

The degree of transcomplexation of !!''In from anti-
body to transferrin may also be estimated from the
results presented in Fig. 5. The percentage of activity

COUNTS (ARBITRARY SCALE)

1 1

binding to the anti-human transferrin affinity column
was determined for serum samples obtained from one
patient. However, since the degree of transcomplexa-
tion will be underestimated if !!!In-transferrin clears
from serum, in vitro serum incubation studies were also
performed. Labeled antibody was incubated in sera
from five normal volunteers and samples were re-
moved periodically for analysis in duplicate. As shown
in the figure, the results of the in vivo and in vitro
analysis are in good agreement with both showing
about 8-9% transcomplexation per day.

Figure 6 presents typical radiochromatograms ob-
tained by Sephadex G25 gel filtration chromatography
of urine samples. The chromatograms show a high and
low molecular weight species varying in relative intensi-
ty from patient-to-patient. Trace A, obtained by the

FIGURE 4
Radiochromatograms obtained by
G200 Sephadex chromatography.

\Y\’"’\‘T——-o—« Trace A: Radiochromatogram of se-

-]

30 40
FRACTION NUMBER
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50 rum obtained 20-hr postadministra-
tion. Trace B: Radiochromatogram of
"in-labeled transferrin
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FIGURE 5

Percentage of activity in serum which
binds to anti-human transferrin affin-
ity column compared with time fol-
lowing administration of labeled anti-
body to Patient 13 or time of

0 -

COLUMN RETENTION ( X)

incubation of labeled antibody in five

sera from normal volunteers (semi-
log scale). Error bars indicate range of
repeat measurements

analysis of a urine sample collected during the first 4 hr
postadministration, shows that the majority of activity
eluted in fractions 37-40. Since labeled-free DTPA
also elutes in these fractions, the majority of activity
appearing early in urine is probably labeled-free
DTPA. This radiocontaminant is occasionally present
at low levels in the injectate. However, as shown by
traces B and C (urine samples collected at 12 and 44 hr
post injection, respectively), there is a progressive de-
crease in activity eluting in these fractions and an in-
crease in activity appearing in fractions 33-36. At the
same time, there is a progressive increase in activity
present as a higher molecular weight species appearing
in fractions 22-25. Analysis of these samples by HPLC
using the 300 SW column showed that this later species

FIGURE 6

Radiochromatograms obtained by
G25 Sephadex chromatography of
urine samples. Trace A: Radiochro-
matogram of urine sample obtained 4
hr after administration of labeled anti-
body. Trace B: Radiochromatogram

COUNTS (ARBITRARY SCALE

0.25 1 ' 12 24 48

TIME (Hours)

does not co-elute with labeled antibody but exhibits a
somewhat lower molecular weight.

Free [!!'In]DTPA, either administered along with
the labeled antibody as a radiocontaminant or pro-
duced in vivo by dissociation of the covalent bond at-
taching the DTPA group, will clear serum by glomeru-
lar filtration and appear rapidly in urine. However, it is
clear from Fig. 6 that after several hours, activity ap-
pearing in urine is not exclusively or even largely pre-
sent in this chemical form.

Biodistribution studies

The biological clearance of activity in patients was
determined relative to a standard by whole-body count-
ing as previously described. By calculating whole-body

AL X TR PPN Cc

\-_
- -.._B

of urine collected at 12-hr post admin-
istration. Trace C: Radiochromato-
gram of urine collected at 44 hr
postadministration
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clearance half time from the loss of activity (after decay
correction) between each pair of data points, a mean
value of 160 hr (range 120-270 hr, N=10) was ob-
tained.

The serum activity levels were determined by count-
ing an aliquot of each serum sample in a gamma-ray
well counter. The serum clearance curve was analyzed
using a multiexponential least squares program (20)
and found to be best represented by a two component
curve. The first component has a half-life (T /24) of 1.9
hr and a time-zero value of 61% of the administered
activity in total serum while the second component has
a half-life (T)/26) of 19.3 hr and a time-zero value of
38%.

Activity in urine, when represented as percent of
injected dose per 4 hr urine collection, regardless of
urine volume, decreased slowly although in the case of
four patients a maximum occurred at 4-12 hr. The
mean excretion rate was 0.26% of the administered
activity per hour (corrected for decay).

Activity appearing in spleen and kidneys were also
quantitated and both show a tendency towards maxi-
mum accumulation at about 20-hr postadministration
followed by a slow clearance. The mean value at maxi-
mum accumulation is about 2% of the administered
activity (corrected for decay) for spleen and about 5%
for each kidney.

The comparable results obtained in liver is presented
in Fig. 7. The time course of activity accumulation in
liver appears to be different from that observed for
spleen and kidneys in that near maximum levels are
usually reached almost immediately and thereafter de-
crease only slowly or remain steady. Patients 10 and 14
are clearly anomalous in that a maximum occurred and
ata much higher level than that normally observed. The
mean value in liver was 20 + 8% of the administered
activity at 24 hr postadministration.

A fairly complete stool collection was obtained in
only one patient. About 1.1% of the injected dose ap-
peared in feces between 18-66 hr postadministration.

Patient images

Figure 8 presents a series of whole-body posterior
images obtained at 1, 24, 48, and 72 hr postadministra-
tion. The figure confirms the results described above in
that the major sites of accumulation were liver and
kidneys and that this accumulation was rapid and per-
sistent. In the initial image, some activity appears in
bladder and is due to [!!'In]DTPA present as a radio-
contaminant in the injectate. Also in the initial image,
activity is prominent in blood pool which decreased such
that at 48-hr blood vessels are barely discernable. At 48
hr some activity can be seen in the bowel. The amount
of activity present in bone marrow increased slightly;
however, the degree of accumulation was minimal.

Figure 9 represents a patient with both diffuse and
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FIGURE 7

Activity in liver presented as percentage of administered
activity (corrected for decay) vs. time after administration of
labeled antibody. Patients identified by number. Most curves
have been extended to data points off scale

focal metastases from a colon cancer which involved the
mesentery. Imaging was performed at 48 hr and shows
diffused increased abdominal uptake (arrow) with two
regions of more focal uptake corresponding with the
large tumor masses identified by CT (right panel).

Figure 10 presents an anterior image obtained at 72
hr postadministration. Both dark arrows point to sites
of abnormal localization of activity (which progressive-
ly increased with time) at the biopsy site of a colorectal
recurrence.

DISCUSSION

An object of this investigation was to confirm in
patients our earlier observations that, when adminis-
tered chelated to a DTPA-coupled antibody, !''In re-
mains attached to the protein in vivo. A phenomenon
which would likely lead to in vivo instability is the
nonspecific attachment of !''In to the protein other
than at the DTPA sites. The results of this investigation
are consistent with our previous studies in showing no
evidence for this nonspecific binding. When the activity
is added as the acetate complex, labeling occurs only at
the DTPA sites as shown by hydrolyzed control studies
(10) and by attempts to label uncoupled antibodies in
the absence of free DTPA. HPLC analyses of these
samples consistently show no detectable radioactivity
co-eluting with the protein. Furthermore, it is unlikely
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FIGURE 8

Series of whole-body posterior images obtained at 1, 24, 48, and 72 hr postadministration with labeled antibody (earliest im-
age on the left). Aliquot of injectate was placed near shoulder during acquisition of each image

that nonspecific binding has occurred which dissociates
during HPLC analysis since under these conditions we
normally observe only low recovery of activity follow-
ing HPLC analysis due to trapping of loosely bound
activity on the HPLC column. As described above,
recoveries were consistently high.

Another possible instability would result from the
dissociation of the covalent bond attaching DTPA to
the protein leading to the release of free DTPA still
labeled with !''In. Labeled free DTPA would rapidly
appear in urine after clearance through the kidneys by
glomerular filtration. However, as shown in Fig. 6,
except for early time points, labeled DTPA is not pre-
sent in urine.

The most likely form of instability is the extraction of
11n from the DTPA chelate. The stability constant for
the indium chelate of free DTPA [and coupled DTPA
(10)] is extremely high so that dissociation is usually
unlikely. However, this is not the case in the presence of
unsaturated transferrin since the stability constant of
the indium chelate with this metal-binding protein ex-
ceeds that of DTPA (21). Since transferrin is likely to
be present in serum at a high concentration relative to
that of DTPA, transcomplexation of !!!'In from anti-
body to transferrin in serum is favored (21). Fortunate-
ly, the rate of transcomplexation is only about 9%/day
of !"!In-labeled antibody exposed to transferrin as is
apparent from Figs. 3-5. This value is consistent with
our previous measurements with a different labeled
antibody of 6%/day in mice (10) and 10%/day in serum

856 Hnatowich, Griffin, Kosciuczyk et al

incubations (22). This degree of transcomplexation
probably has only minimal effect on the images ob-
tained with !!!In-labeled antibody. Under the assump-
tion that only labeled antibody in serum is exposed to
transferrin, the degree of transcomplexation was only
about 1-2% of the administered activity since serum
levels decreased rapidly.

One important observation of this investigation is
that !!'In clears slowly in patients administered labeled
19-9 F(ab’), fragments. The major route of excretion is
into urine since the observed rate of this clearance
(0.26% of administered activity per hour) by itself
largely accounts for the observed 160-hr whole-body
clearance half time and because only insignificant ac-
tivity was observed in bowel and feces. At 24 hr postad-
ministration, activity accumulation in liver, spleen, and
kidneys accounts for about 30% of the injected dose,
circulating serum contains a further 20%, leaving about
50% of the activity remaining. This remaining activity
is uniformly distributed, probably throughout the inter-
stitial spaces. The slow clearance may increase the
exposure of tumor to antibody thereby improving tu-
mor accumulation of activity.

The uptake of radioiodine in liver in the case of
radiolabeled antibodies is reported to be lower than that
observed in this work (3). If, as is likely, both radioio-
dinated and !!!'In-labeled antibody behave essentially
identically in vivo, then differences in activity accumu-
lation in liver and other organs may be the result of
catabolism occurring at these sites so that only radioio-
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dine is re-released into circulation (probably as I-).
This is consistent with the observation that radioiodinated
proteins are usually stable toward in vitro dehalogena-
tion in serum (Krohn KA, personal communication)
but yet considerable dehalogenation occurs in vivo with
up to 50% of the administered activity appearing in
urine in 24-hr postadministration (8).

Investigators comparing radioiodinated and !!!In-
labeled antibodies in animal tumor models consistently
report greater accumulation of !'In in tumor (9,23).
Presumably catabolism with the release only of radioio-
dine must be occurring in tumor as well as liver to
explain these results. If elevated !!!In levels in tumor
occur in humans as well, the resulting tumor/liver
ratios may be similar for radioiodine and '!'In.

On the basis of images obtained in this investigation,
eight out of 12 sites of documented tumor were identi-
fied. The earliest any lesion was apparent was 24 hr and
all lesions became more clearly defined at 48 to 72 hr.
No significant uptake occurred in tumor in four pa-
tients with large liver metastasis from colon primaries
and the lesions appeared as cold defects.

The reasons for the large accumulation of activity in
liver and its retention were not established in this study.
Large accumulation of !'!In activity in liver has been
previously noted in animal studies and has been shown,
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FIGURE 9

Images obtained at 48-hr postadmin-
istration of labeled antibody in patient
with both diffuse and focal metasta-
ses from colon cancer involving me-
sentery (dark arrow). Corresponding
CT image is presented on right and
shows area of involvement corre-
sponding to that seen in radioactivity
scan (white arrow)

using 73Se-labeled antibody, to be related to antibody
localization in this organ (24). In this study, accumula-
tion may be related to antigen-antibody complex for-
mation. However no obvious correlation is apparent
between hepatic uptake and circulating antigen levels
or the decrease in circulating antigen levels following
antibody administration (Fig. 1). Likewise, no obvious
correlation exists between chemotherapy regimen, type
of cancer, or presence of liver metastasis. For example,
Patient 10 showed the highest liver levels (Fig. 7) yet
was not receiving chemotherapy at the time of the study
and has not been diagnosed as having liver metastasis.

A more likely explanation is that under certain con-
ditions circulating antibody itself is cleared by the liver.
The murine origin of the 19-9 antibody used in this
study may contribute to this clearance. In addition, it is
recognized that certain glycoproteins are rapidly
cleared by liver nonparenchymal cells by a receptor-
mediated process (25). If this process was occurring
and was easily saturated, then rapid and persistent liver
uptake would be expected.

The liver accumulation observed in this work for one
antibody may have implications in the use of antibodies
in therapy. Since specific localization of antibody in
tumor is essential for adequate therapy to tumor tissue
with acceptable collateral damage to normal tissue,

FIGURE 10

Image obtained at 72-hr postadminis-
tration of labeled antibody in patient
with recurrent colorectal tumor. Both
dark arrows point to sites of abnormal
activity accumulation corresponding
to tumor masses (white arrows) seen
in saggital CT scan on right
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extensive localization of antibody in liver may restrict
therapeutic applications.

FOOTNOTES

* Biosafe Systems, Inc., New Hyde Park, NY.

t DuPont NEN Medical Products, No. Billerica, MA.

! Precision Plastic Ball Co., Chicago, IL.

§ Medi-Physics Inc., Richmond, CA.

1 Waters Associates, Milford, MA.
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