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Monoclonal anti-tumor antibodies have great promise for radioimmunodetection
and localization of tumors. Fab and F(ab’), fragments, which lack the Fc fragment
of antibody (Ab), are cleared more rapidly from the circulation and may have less
nonspecific tissue binding than intact Ab. In radioimaging studies using a murine
monoclonal antibody to carcinoembryonic antigen in a human colon carcinoma
xenografted into hamsters, F(ab’), fragments were shown superior to Fab frag-
ments and intact antibody for scintiscanning. In double-label experiments with
anti-CEA antibody and control monoclonal IgG, F(ab’), fragments were found to
give better and more rapid specific tumor localization than intact antibody or Fab
fragments. F(ab’), fragments offer significant promise for tumor imaging and pos-

sibly therapy.
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Although polyclonal antibodies have shown promise
for the localization and radioimmunodetection of
malignancies (/-3), the development of monoclonal
antibodies has heightened interest in this approach to
tumor detection (4-6). Although intact antibody is
cleared relatively rapidly from the bloodstream signifi-
cant background radioactivity remains for several days
after injection (7-10). This has made computer-aided
background subtraction of a second nonspecific
(blood-pool) radioagent helpful to image the tumor
within 2 days of injection. Although extremely helpful
when conducted by those expert in the technique, this
type of imaging exposes the patient to additional radia-
tion and adds several potential sources of error
(3,4,11,12). Antibodies of high specificity that are
cleared more rapidly from the circulation are thus de-
sirable, and the elimination of the Fc portion of anti-
bodies is of potential benefit in that regard (/3). Limited
work to date has been inconclusive but encouraging,
particularly in terms of better access of F(ab’); to the
central nervous system, but monoclonal antibody frag-
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ments have not been extensively studied (6,/4-17).
Recent work with polyclonal affinity-purified anti-CEA,
however, has suggested that intact antibodies are lo-
calized by the tumor better than fragments (/8). In this
report we compare the behavior of intact I-131 labeled
murine monoclonal anti-carcinoembryonic antigen
(CEA) and its Fab and F(ab’), fragments, an well as an
I-131 labeled nonspecific control IgG and its fragments
in imaging a human colon cancer (GW-39) xenografted
into hamsters (/9). Double-label experiments using
I-131 anti-CEA and I-125 monoclonal IgG without
known affinity were also performed to evaluate speci-
ficity.

METHODS

The preparation of our IgG,, kappa monoclonal
antibody to CEA, has been partially described (20).
Briefly, CEA was extracted from the human colon
cancer GW-39 to hyperimmunize BALB/c mice. Sple-
nocytes were fused with NS-1 mouse myeloma cells
using a method adapted from Galfré et al (21). A posi-
tive clone was selected by radioimmunoassay* isolated
by limiting dilution, and grown intraperitoneally in
pristane-primed BALB/c mice. Antibody was purified
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from the ascitic fluid by (NH4),SO, fractionation and
Sephadex G-200 chromatography. Radioiodination was
performed using a lactoperoxidase method previously
described using carrier-free I-131 or 1-125 (22). Im-
munoreactivity was determined using CEA (extracted
from GW-39 tumors) immobilized on Sepharose beads
by guinea pig anti-CEA antibody.? Exhaustive absorp-
tion of intact I-125 anti-CEA with this solid phase CEA
(3 absorptions for 18 hr at 37°C) showed a total binding
of greater than 70% of this preparation. Control binding
studies using I-125 anti-CEA and beads without CEA
or I-125 MOPC21 IgG and beads coated with CEA
showed binding of less than 5% to 18%. Titration and
saturation analysis, using the radioimmunoassay*
adapted kit with the CEA provided in this kit as antigen,
showed the avidity of the anti-CEA for this CEA to be
greater than 1 X 10° moles—!- The specificity for CEA
was confirmed by in vitro cell-binding assays in which
up to 59% of antibody protein bound to CEA-producing
human colon cancer cells but only 0.1% to 17% bound
maximally to other non-CEA-producing human cells,
including human granulocytes and lymphocytes, or
normal hamster liver cells (unpublished results). By
contrast, a control monoclonal IgG, kappa from
MOPC21 murine myeloma, without known specificity,
showed less than 6% binding to CEA-producing target
cells.

Fab fragments were prepared using 2% papain by a
modification of the method of Porter (23). F(ab’),
fragments were prepared using a modification of the
method of Nisonoff et al (24; Nisonoff, A., personal
communication). 2.5% pepsin was added to intact anti-
body in 0.2 N sodium acetate buffer, pH 4.2, and incu-
bated at 37°C for 24 hr. The purity of intact antibody
and fragments was confirmed by 7.5% SDS-PAGE
analysis in unreduced gels (25). Pepsin and papain were
removed by dialysis. Undigested IgG was removed by
chromatography with Sephadex G-100 for Fab or G-200
for F(ab’),. Antibody and fragment concentrations were
quantitated by absorbancy at 280 nm (E}3, = 14). The
binding of the IgG fragments to immobilized CEA and
CEA-producing and -nonproducing cells was compa-
rable to that of the intact antibody. In an abbreviated
assay (one absorption for 2 hr at 45°C) with CEA ex-
tracted from GW-39 immobilized on Sepharose beads
(Abbott kit), bindings of radioiodinated intact anti-CEA,
F(ab’);, and Fab were 27%, 26%, and 22%, respectively,
whereas binding to beads without CEA was 1% to 4%.
Binding of control MOPC IgG, intact and fragments,
in this assay using beads with CEA ranged from 0.1 to
2% of cpm added. Maximal bindings to freshly isolated,
mechanically dispersed GW-39 cells in vitro by intact
anti-CEA, F(ab’),, and Fab were 56%, 51%, and 62%,
whereas binding by intact MOPC IgG and fragments
was 4% to 6%. Bindings of intact anti-CEA, MOPC IgG,
and their fragments to normal hamster liver cells and to
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non-CEA-producing target cells (HeLa) ranged from
0.5% to 14%. Preliminary studies have shown little or no
binding of I-125-anti-CEA to human lymphocytes or
granulocytes in vitro.

For radioimaging, 16 hamsters bearing GW-39 tu-
mors of about S g in the right thigh muscle were injected
intracardially with 40-50 uCi (approximately 10-20 ug)
of I-131-labeled anti-CEA antibody or active fragments
in phosphate-buffered saline containing 10% normal
hamster serum (v/v). Drinking water contained Lugol’s
iodide for 10 days before and during the study. Images
were obtained using a gamma camera with a 4 mm
high-energy pinhole collimator. Ten to twenty thousand
counts were recorded on Polaroid film. Animals were
sedated for imaging with 5 mg of intraperitoneal pen-
tobarbital.

An additional 26 animals bearing approximately 1 g
tumors were studied in a similar fashion. These animals
received 50 uCi (10-20 ug) of I-131-anti-CEA intact
or its fragments or 50 uCi of I-131-MOPC or its frag-
ments. Images were obtained as previously and also
collected on a digital computer with a 64 X 64 X 8 ma-
trix, which could accomplish uniform background sub-
traction.

Double-label experiments (26) using simultaneous
injections of I-131-anti-CEA and I-125 MOPC IgG
were performed to evaluate the specificity of antibody
localization in the tumor (Table 1). Radioiodinated
fragments or intact IgG were injected into 68 animals
with small tumors (generally less than 1 g) in the right
thigh; blood, tumor, and tissues were assayed 6 hr, 1, 2,
3, 5, or 7 days later. Organs were weighed and then
counted in a gamma counter. After correction for
physical decay rates and downscatter of I-131, the per-
centage of injected dose bound per g of tissue, and the
tissue-to-blood ratios were calculated. Tumor-to-
nontumor ratios were calculated from the cpm/g of
tumor divided by cpm/g of tissue. Localization ratios
were calculated from the tumor-to-nontumor ratios for
anti-CEA divided by the tumor-to-nontumor ratios for
MOPC21.

RESULTS

Scintiphotos obtained at 2, 6, and 11 days after in-
jection of intact I-131 anti-CEA (Fig. 1) showed that
although the tumor was visible at 2 days, it took 6-11
days for background radioactivity to decrease so that the
tumor was well defined (8). The images in Fig. 1B, C,
D are representative of the four animals studied.

One and two days after injection of I-131 Fab frag-
ments, the scans of the seven animals with larger tumors
demonstrated significant radioactivity in the abdomen,
primarily in the liver, stomach, kidneys, and bladder
(Fig. 2A, B). There was some radioactivity in the tumor
as well, but it was not well delineated. At 3 days after

317



WAHL, PARKER, AND PHILPOTT

FIG. 1(A) Golden Syrian hamster with a 4-to-5 g GW-39 tumor
implanted in right thigh (arrow). All scintiphotos were taken in supine
position with 4 mm high energy pinhole collimator using 5 mg
pentabarbital intraperitoneally for anesthesia. All drinking water
contained Lugol's iodide for 10 days previous to and during study.
Images were obtained at 24-hr intervals and 15K to 20K counts were
recorded per image on Polaroid film. (B) Scintiphoto taken at 2 days
after injection of intact I-131 anti-CEA. Image shows white outline
of hamster with tumor seen in right proximal thigh. Bladder is seen
just medial to tumor. (C) At 6 days slightly less magnified image
shows tumor in right thigh region of same animal. Entire animal is
still outlined consistent with residual radioactivity in blood pool. (D)
At 11 days still slightly less magnified image shows tumor in same
animal and further decrease in nonspecific blood pool radioactivity.
At sacrifice this tumor weighed ~ 10 g.

injection very little radioactivity remained in these ani-
mals (Fig. 2C). Most of the radioactivity (I-131) re-
covered from the gastric contents was dialyzable,
suggesting that in vivo deiodination of protein might
partly be responsible for the rapid clearance of Fab. The
injection mixture did not contain significant I-131 not
bound to protein. The litter of these animals was heavily
contaminated with I-131, however, and ingestion of free
I-131 probably contributed to the stomach and bladder
radioactivity. In later experiments in animals with
smaller tumors, more frequent litter changes seemed to
lessen stomach I-131 radioactivity.

Images obtained with F(ab’), fragments at 2 days
after injection showed clear definition of the tumor, with
some background radioactivity (Fig. 3A). This image
is comparable to the 6-day intact antibody image (Fig.
1C). At 3 days after injection (Fig. 3B) background
radioactivity was decreased and the image was not sig-
nificantly different from that of intact antibody at 11
days (Fig. 1 D). By 4 days the hamster body was barely
visible, and only the tumor was clearly seen (Fig. 3C).
Later images at 7 days showed little or no radioactivity
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remaining in the animals. Results were similar for the
five animals with relatively large tumors imaged in this
fashion.

Since these tumors can accumulate IgG nonspecifi-
cally (10), we also studied 26 animals injected with
MOPC IgG as well as with anti-CEA, intact and frag-
ments, labeled with I-131. At the time of injection, the
hamsters weighed 120-140 g and the implanted tumors
about 1.2 g. The animals received 50 uCi of Ab or
fragments (10 to 20 ug). The results were similar to those
in animals with larger tumors though the small tumor
size seemed to be approaching the limits of detection at
this dose without background subtraction. At 2 days
following injection anti-CEA F(ab’), fragments showed
clearer definition of tumors as compared with MOPC
F(ab’), fragments (Fig. 4C, D). Radioactivity in the
bladder and stomach was largely due to consumption of
I-131 laden litter. Frequent litter changes greatly re-
duced this radioactivity in the stomach and bladder
without affecting tumor localization, and improved the
tumor imaging with the F(ab’), fragment of anti-CEA
but not with MOPC.

Computer subtraction of a uniform level of back-
ground radioactivity provided more clearly defined
tumor images at earlier time points with anti-CEA
F(ab’),. With this technique it was possible to enhance
the tumor definition relative to the normal tissues with
anti-CEA F(ab’); by 2 days after injection. Increased

FIG. 2(A) Image of hamster injected 1 day previously with 50 uCi
of I-131 anti-CEA Fab fragments. Radioactivity in upper abdomen
is due largely to gastric contents and kidneys. Tumor is seen in right
thigh. (B) At 2 days abdominal -131 has decreased, though left upper
abdominal radioactivity is still seen. Midline radioactivity in lower
abdomen is the bladder. Urinary catheterization removed much of
this radioactivity. Tumor is seen faintly in right leg. (C) Image at 3
days. Almost no radioactivity remains in this animal.
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FIG. 3(A) F(ab'), image at 2 days after injection of 44 uCi of I-131
anti-CEA F(ab’), shows tumor uptake and is comparable to 6-day
intact-antibody image (Fig. 1C). (B) Image at 3 days shows decrease
in blood-pool radioactivity seen at 2 days; this image is quite similar
to 11-day intact-antibody image, allowing for slightly smaller tumor
size in this animal (9 g compared with 11 g) and slightly smaller in-
jected dose (44 compared with 50 uCi). (C) At 4 days only tumor
radioactivity is seen, without hamster body background. Absolute
intensity of tumor has decreased more than 9% physical decay
expected. By 6-7 days almost no radioactivity was seen in animal
or tumor.

FIG. 4(A) Image taken 2 days after injection 50 uCi anti-CEA intact
IgG in animal with approximately 1 g tumor. (B) Image at 2 days after
injection MOPC intact IgG in similar animal. Note little difference
from anti-CEA intact. (C) Image at 2 days after injection of anti-CEA
F(ab’),. Tumor appears to be whiter than background (animal con-
sumed '3'l-laden bedding yielding radioactivity in bladder and
stomach). One g tumor size is near limit of our technique’s sensi-
tivity. (D) Image at 2 days after injection MOPC F(ab'), shows poor
tumor definition.
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FIG. 5. Images obtained by computer subtraction of background
2 days after injection of 64 uCi into hamsters with 2.5 g tumors in
right thigh. (Left) anti-CEA F(ab'),. Note large intense white area
representing tumor. (Right) MOPC21 F(ab’),. Note less tumor ac-
cretion and increased activity in chest and abdomen.

doses (64 nCi) in slightly larger tumors demonstrated
the tumor definition quite well (Fig. 5, left). The MOPC
F(ab’); showed much less tumor uptake and more ac-
cretion in the liver (Fig. 5, right). Unprocessed images
also showed these differences, but this simple back-
ground subtraction technique improved tumor defini-
tion.

Images without subtraction using intact anti-CEA or
MOPC looked nearly identical at 2 days after injection
because of high background levels (Fig. 4A, B). Simple
background subtraction techniques provided well-de-
fined tumor images with intact anti-CEA by 6 days after
injection (Fig. 6, left), whereas intact MOPC yielded
very little concentration of activity in the tumor and still
showed significant accumulation in the liver (Fig. 6,
right). Images at earlier time points (3'5 to 4 days) also
showed this difference but were not as striking and
clearly inferior to the F(ab’), anti-CEA at 2 days.

Imaging with Fab fragments was not satisfactory:
imaging was tried before 24 hr and this was not satis-
factory either. The tumor was visualized but so was the
rest of the animal, especially the kidneys.

FIG. 6. Images obtained by computer subtraction of background
6 days after injection of 50 uCi into hamsters with 1.2 g tumors into
right thigh. (Left) intact anti-CEA. Note tumor in right thigh. (Right)
intact MOPC. There is little tumor radioactivity but much remains
in chest and abdomen.
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The double-label experiments demonstrated that, as
expected, antibody fragments without the Fc portion
were cleared more rapidly from the circulation than in-
tact anti-CEA and MOPC IgG (Table 1). The Fab
fragments, however, were cleared the most rapidly, in
contrast to the findings in some studies with other species
(7). Lower molecular weight and univalency of I-131
Fab and rapid in vivo deiodination may have contributed
to this clearance. By 2 days after injection, most of the
Fab fragment radioactivity had been excreted and the
total tumor accretion was extremely low (0.1% of in-
jected dose per g for anti-CEA Fab, compared with 2.6%
per g for intact anti-CEA and 1.1% per g for anti-CEA
F(ab’),).

In blood clearance rate, F(ab’), was intermediate
between those of intact Ab and Fab. At one day after
injection blood levels of anti-CEA F(ab’), were about
half the level of intact Ab in blood and by 2 days the level
had dropped to less than one fourth. At 2 days the Fab
blood level was less than one fifth of the F(ab’), blood
level and quickly dropped to a nearly unmeasurable
range by 3 days after injection (Table 1). For both
MOPC and anti-CEA, Fab was cleared significantly
faster than F(ab’),, which was cleared faster than intact
Ab.

Blood levels for intact and F(ab’), anti-CEA appeared
slightly lower than for MOPC but were different (p <
0.01) only at day S for intact and day 1 for F(ab’),. Fab
blood levels for anti-CEA and MOPC were not signifi-
cantly different except at later times when values were
too low to be meaningful.

The antibody fragments and intact antibody behaved
differently in vivo in terms of tissue binding (Figs. 7-9).
The intact anti-CEA had a higher tumor-to-blood ratio
than intact MOPC, and it increased gradually, reaching
a peak at about S days after injection (Fig. 7). There was
some nonspecific tumor uptake of intact MOPC IgG, but
accretion was less than with intact anti-CEA (p <
0.0001). The maximal tumor-to-blood level for intact
anti-CEA (1.91) was reached on day 5, with lower tis-
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FIG. 8. Fab IgG cpm/g tissue/Fab IgG cpm/g blood £ SEM vs. time
after injection. Note relatively rapid rise in tissue-to-blood levels.
Note striking elevation of both MOPC and anti-CEA kidney radio-
activity compared with tumor and blood.

sue-to-blood ratios for intact anti-CEA seen for all other
tissues at all time points (p < 0.0001) (Fig. 7).

Fab fragments of anti-CEA also had tumor-to-blood
ratios approaching two by 3 days after injection (Fig. 8),
whereas the mean ratios for MOPC Fab were signifi-
cantly less (p <0.0001). Early in the time period studied,
relatively high levels of nonspecific Fab radioactivity
were seen in the kidney, with tissue-to-blood ratios over
four for MOPC at 1 day and remaining well above
tumor-to-blood levels for MOPC Fab throughout the 5
days. Relatively high levels of anti-CEA Fab were also
seen in the kidney throughout the study—as contrasted
with experiments involving the intact antibody or F(ab’),
fragments. Anti-CEA Fab binding to other normal
tissues was lower, with tissue-to-blood ratios less than
one, but ratios tended to be slightly higher than with
intact Ab. We note that Fab blood levels at 3 days were
less than 3% of intact Ab levels (Table 1).
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FIG. 9. F(ab’), cpm/g tissue/F(ab’), cpm/g blood vs. time Note
development of high tissue-to-blood levels early without elevation
of anti-CEA kidney radioactivity. Note especially at 12 days higher
level of F(ab'), anti-CEA in tumor compared with all other organs.
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TABLE 1. BLOOD LEVELS: INTACT ANTI-CEA AND MOPC IgG AND THEIR FRAGMENTS

Mean percent injected dose per gram blood + s.e.m. or range
2

Day i 3 5
Intact® 3t 3 4 4
a-CEA 2.94 (2.5-3.61) 1.87 (1.71-1.98) 1.26 (0.86-1.63) 0.77 (0.70-0.91)
MOPC 3.09 (2.69-3.68) 2.11(1.92-2.23) 1.46 (0.98-1.81) 0.99 (0.94-1.12)
Flab'), 3 4 4 4
a-CEA 1.37 (1.14-1.51) 0.44 (0.42-0.46) 0.27 (0.25-0.29) 0.13 (0.10-0.15)
MOPC 2.09 (1.74-2.34) 0.60 (0.57-0.64) 0.28 (0.24-0.33) 0.08 (0.07-0.09)
Fab? 8 (] 8 8
a-CEA 0.310.10 0.08  0.01 0.04 + 0.002 0.01 % 0.001
MOPC 0.32+0.12 0.08 % 0.01 0.02 + 0.003 0.02 + 0.002

* Blood levels of intact anti-CEA and MOPC are greater than those of F(ab'),, which are greater than those of Fab (p < 0.01).

T Number of animals: Sixty-two hamsters with about 1-gram tumors in the right thigh were injected with 3 uCi I-131a-CEA (1-2
ug) and 3 uCi I-125MOPC (1-2 ug), intact IgG or fragments. Blood cpm/g were measured and percent injected dose/g calculated
correcting for physical decay and downscatter. Each value is mean + s.e.m. or range for 3-8 animals.

1 At 6 hr Fab anti-CEA had 0.82 % 0.17% and MOPC Fab 1.03 & 0.21% of injected dose/g blood.

Due to their fast clearance, Fab fragment distributions
were also measured at 6 hr after injection. Only 0.3% of
the injected anti-CEA dose and 0.28% of MOPC Fab
remained in the tumor. The anti-CEA tumor-to-blood
ratio was 0.38% and the tumor-to-kidney ratio was only
0.12% for four animals studied. The tumor-to-liver ratio
for anti-CEA Fab at 6 hr after injection was 1.73 com-
pared with 1.42 for MOPC IgG. All of these ratios
suggest images without background subtraction would
be suboptimal at this early time point due to high blood
pool radioactivity. Images at 20 hr after injection of
anti-CEA Fab were no better than those obtained at 1
day (Fig. 2A).

In contrast to Fab fragments and intact Ab, anti-CEA
F(ab’), attained higher tumor-to-blood ratios (Fig. 9)
and did so more promptly than intact Ab (2.38 at 2 days
after injection as compared with 1.39 for intact antibody
and 1.73 for Fab). This ratio for F(ab’), increased to 2.8
at 3 days compared with 1.79 for intact Ab and 2.0 for
Fab. Tumor-to-blood ratios for F(ab’), of anti-CEA
were significantly different at all time points from both
intact antibody and Fab (p < 0.0001 by regression
analysis), but Fab and intact antibody were not different.
Also of note is the fact that the anti-CEA radioactivity
in the kidney with F(ab’), was about as low as in other
nontumor tissues, in marked contrast to the Fab behavior
(the level of anti-CEA Fab in the kidney was about equal
to that in the tumor). The large difference between
anti-CEA F(ab’), in the tumor compared with MOPC
F(ab’), in the tumor at 2 to 3 days should be noted—in
contradistinction to the intact Ab data.

Tumor-to-tissue (nontumor) ratios showed that bv 3
to 5 days, intact anti-CEA levels were significantly
higher in the tumor than intact MOPC relative to normal
tissues (Table 2). The higher tumor-to-nontumor ratios
for anti-CEA were a result of the specific component of
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the antibody binding. The earlier achievement of sig-
nificant differences between anti-CEA and MOPC
fragments by days 1-2 after injection shows retention
of the specific component of anti-CEA binding with a
relatively rapid reduction in nonspecific binding.

Anti-CEA F(ab’), also developed a higher tumor-
to-liver ratio at day 1 than did Fab or intact Ab. The
anti-CEA F(ab’), tumor-to-lung and tumor-to-spleen
ratios were also higher on day 3 than were those of intact
antibody or Fab (Table 2). There were also trends
toward F(ab’), tumor-to-tissue ratios being higher than
those of intact Ab in the spleen and lung, at all time
points. With the number of animals used, these trends
were not statistically significant (see Table 2).

The representative specific localization ratios (Table
3) clearly show the superiority of anti-CEA over MOPC
for tumor localization in this study. More importantly,
they support the conclusion that at least early after in-
jection, F(ab’), fragments have a higher specific local-
izing capability than intact antibody, and probably than
Fab fragments. Statistical analyses consistently showed
specific F(ab’), localization to be significantly higher
than intact Ab and sometimes higher than Fab. Except
for liver and kidney, however, F(ab’), and Fab differ-
ences were not statistically different in this small sample
size. The total accretion of Fab in the tumor was, of
course, much less than with F(ab’),.

DISCUSSION

The scintigrams obtained using intact antibody
without background subtraction provide adequate tumor
delineation, but a significant delay exists before there is
adequate clearance of the background radioactivity to
allow the tumor to be easily defined.

More rapid clearance of blood-pool radioactivity was
achieved with Fab fragments. The images obtained with
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TABLE 3. ANTIBODY SPECIFIC LOCALIZATION RATIOS MEAN AND RANGE FOR INTACT AND F(ab’),
AND FAB FRAGMENTS

1.2; kidney, 1.5; lung, 1.3; spleen, 1.9; and blood, 1.4.

3-8 animals.

Day 1° Day 2 Day 3 Day 5
Liver
Fab 1.5 (0.8-1.8) 2.0(1.5-2.1) 1.8 (1.4-2.5) 1.2(0.8-1.6)
TF(ab’)2 2.3 (2.0-2.7) 3.1(2.4-4.5) 2.8 (2.5-3.0) 2.2(1.9-2.5)
IgG 1.0 (1.0-1.1) 1.1(1.0-1.2) 1.6(1.3-2.2) 1.8(1.5-2.1)
Kidney
Fab 5.1(2.5-7.9) 5.4 (1.8-5.9) 2.3 (1.3-3.8) 1.6 (0.6-3.1)
F(ab'), 6.1(5.1-6.5) 11.9 (8.5-19.1) 9.9 (8.4-10.6)' 3.6 (3.7-4.2)f
1gG 1.3(1.2-1.49) 1.3(1.2-1.4)t 1.8 (1.4-2.5) 2.1(1.8-2.2)
Lung
Fab 2.7 (1.3-4.3) 3.6 (1.5-3.7) 3.7 (2.5-4.9) 3.6 (1.7-6.3)
F(ab'), 3.3 (2.9-3.5) 5.0 (3.8-8.2) 5.1(4.6-5.4) 3.1(2.7-3.8)
TigG 1.3(1.2-1.5) 1.4 (1.3-1.5) 1.8 (1.4-2.6) 2.2 (1.6-2.9)
Spleen
Fab 3.7 (2.0-4.2) 7.4(3.7-18.2) 3.8(2.1-10.1) 2.9(1.1-2.1)
F(ab'), 3.9 (2.9-4.8) 5.6 (2.2-9.7) 6.0 (5.0-7.5) 3.9 (2.3-4.3)
TigG 1.4(1.2-1.5) 1.3(1.1-1.4) 1.7 (1.2-2.4) 2.0(1.5-2.6)

* Four animals were also sacrificed at 6 hr after injection with anti-CEA Fab-anti-MOPC Fab. Specific localization ratios: liver,

Sixty-two hamsters were injected as described in the legend to Table 1. Antibody specific localization ratios are calculated
from anti-CEA tumor-to-nontumor ratios (Table 2) divided by MOPC21 tumor-to-nontumor ratios (Table 2). Means and ranges for

T Significantly different (p < 0.025) from other means by regression analysis or student T-test.

Fab certainly reflect this faster clearance, with high
levels of imaged radioactivity in the kidneys and bladder,
the organs of excretion, as well as in the stomach on some
images, in part due to consumption of I-131 laden litter.
A rapid drop in whole-animal radioactivity made
imaging with the 50 uCi dose impossible by 4 days. Due
to the rapid clearance and the development of relatively
high levels in the kidney at an early time point (6 hr),
I-131-labeled Fab fragments in our judgment are not
optimal agents for tumor imaging. Anti-CEA Fab at 6
hr showed 0.3% of the injected dose bound per gram and
at 24 hr showed about 0.22% of injected dose binding to
the tumor per gram. At 5 days this decreased to 0.018%
binding per gram. This rapid tumor clearance parallels
the fall in blood levels of Fab (Table 1) and has some
precedent. Stelos et al. (27) showed in a rabbit anti-
kidney model that fixation of Fab fragments was tran-
sitory relative to the more permanent fixation of intact
Ab. Their data, however, showed that at 1 day Fab and
intact Ab had comparable uptake in the target organ.
Further studies with conclusive demonstration of the
stability of the radiolabeled antibody fragment will be
needed to confirm our impression that this is actually
lower binding due possibly to univalency of the binding
site and not due in large measure to deiodination, though
both phenomena may be contributory.

Images obtained with F(ab’), delineated the tumor
earlier and with less background radioactivity than intact

Volume 24, Number 4

Ab at comparable time points. Our subjective opinion
was that the 3-4 day F(ab’), images overall were better
than 11-day intact-antibody images since less back-
ground radioactivity was present. Better definition was
particularly apparent in the 4-5 g tumors on injection
but was also true for the 1-2 g tumors. There is no
question that the localization is specific as evidenced by
the anti-CEA compared with MOPC control images
(Figs. 4-6).

Of note is the fact that the F(ab’), radioactivity fades
from the tumor faster than that of the intact Ab. This is
in excess of the physical decay expected. At 24 hr after
injection approximately 1.77% of the injected dose of
anti-CEA F(ab’), was bound to the tumor per g, but by
5 days this dropped to approximately 0.3%, after cor-
rection for physical decay. For intact Ab there was a drop
as well from 2.6% of injected dose bound/g at 2 days to
approximately 1.5% at 5 days. During this period, tumor
clearance of intact antibody and fragments closely par-
alleled the blood clearance, and suggests that the decline
in tumor concentrations was mainly dependent upon an
equilibrium between antibody or fragment and the cir-
culating Ab or fragments in the blood. Some of this fall
in tumor levels also may have been due to shedding of
CEA with bound anti-CEA or conceivably to in vivo
deiodination. This relatively lower accretion of F(ab’),
in the tumor as a percentage of injected dose was ap-
parently still relatively greater because of the still lower
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accretion of F(ab’), in the other organs, particularly the
blood. It may be necessary to use larger doses of F(ab)’,
for tumor imaging than intact Ab to detect small foci due
to the fast clearance of F(ab’); relative to intact Ab. Even
with an increase in dose, the radiation exposure to the
patient could still be less than intact Ab with F(ab’), due
to its faster clearance.

This gradual loss from the tumor of intact antibody
and F(ab’); radioactivity is undesirable if long-term
delivery of radiation to a tumor by antibody is planned.
It is possible, however, that this shorter residence time
of F(ab’), at the tumor might be overridden by repeated
administration in therapy. In any case, it does not pre-
clude imaging. This phenomenon for F(ab’), seems akin
to that described by Stelos et al. for Fab (27). Other
investigators, however, have shown that the binding of
F(ab’), to antigen is quite stable (28).

The double-label experiment supported the imaging
data with the F(ab’); fragment of anti-CEA showing the
best tumor localization with tumor-to-blood ratios at 2
days for F(ab’), significantly better (p < 0.025) than
those for intact anti-CEA or Fab fragments. This su-
periority of F(ab’), anti-CEA tumor-to-blood ratios was
seen for all time points in the study. In addition, this
tumor localization was more specific than the accretion
of comparable MOPC F(ab’), fragments. The tumor-
to-tissue ratios showed generally good tumor localization
of all three forms of anti-CEA, but comparison with
matching MOPC ratios was most striking for F(ab’),.
Intact anti-CEA and MOPC showed little difference in
tumor-to-blood ratios until 3 to 5 days after injection,
when further clearance of MOPC had occurred and
nonspecific binding was less prevalent. This gradual
attainment of significant differences in tumor-to-
nontumor ratios for intact antibody, compared with
MOPC is likely due in part to nonspecific binding of the
Fc fragment. The specific binding for intact antibody
eventually dominated but not until 3-5 days after in-
jection. For the fragments the anti-CEA developed a
significant difference from MOPC by 1-2 days after
injection. Their lack of the Fc may well have allowed the
earlier specific localization to occur.

The fact that higher specific localization ratios exist
for F(ab’); in the liver, lung, and spleen where large
populations of Fc receptor positive cells reside than exist
for intact Ab supports the concept that Fc elimination
may be largely responsible for this improved specific
localization. These data show that satisfactory ra-
dioimmunodetection of tumors in this system can occur
with and 'without simple background subtraction much
faster with F(ab’), than with intact Ab. In addition,
significantly higher ratios of specific localization and
tissue-to-blood ratios were present with the use of F(ab’),
than with intact Ab or Fab. In addition, absolute
tumor-to-tissue ratios were higher for F(ab’), than for
intact Ab in the blood, spleen, liver and lung at several
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early time points. These are all desirable qualities for
imaging. The high level of specific binding of anti-CEA
F(ab’), relative to MOPC F(ab’), conceivably could be
exploited in future background subtraction systems,
using the simultaneously administered nonspecific
antibody fragment as the subtracting agent. The marked
difference between specific and nonspecific F(ab’),
would then be tumor-specific. This development awaits
appropriate improvements in labeling and further ex-
periments. Also of importance is the possibility that by
the use of higher and more frequently repeated injected
doses, more F(ab’), will specifically accumulate in tu-
mors with a higher therapeutic ratio than intact anti-
body. Based on these findings, we believe that F(ab’),
fragments will assume an increasingly important role in
immunodiagnostic systems in vivo by decreasing the need
for background subtraction, allowing earlier imaging,
potentially serving as better background subtraction
agents, and possibly in immunotherapy as vehicles of
toxin or radionuclide delivery. Further work is needed
in these areas.

FOOTNOTES

* Adapted Hoffman-LaRoche CEA Kkit.
t Abbott Laboratories, Chicago, IL.
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