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Mouse monoclonal antibodies and Fab fragments specific for p97, a melanoma-
associated antigen, were used to image metastatic human melanoma. Preclinical
studies in athymic mice showed antigen-specific uptake in melanoma xenografts,
and toxicity tests in rabbits gave no evidence for tissue damage after injection of
up to 100 times the amount of antibody used in humans. Six patients received 1 mg
labeled antibody, and one patient received 1 mg of labeled Fab. No toxic side ef
fects were observed. All of the six patients had positive scans, visualizing 22 of 25
(88%) of lesions larger than 1.5 cm. In tumors from two patients, greater uptake
of p97-specific, versus control IgG and Fab, respectively, was documented by bi
opsy. Antibodies to mouse immunoglobulin appeared in three patients receiving 1
mg or more of radiolabeled mouse antibody.
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Radiolabeled antibodies specific for tumor-associ
ated antigens promise to improve diagnostic imaging of
tumors. External scintigraphy has been used to image
human cancers, using antibodies specific for carci-
noembryonic antigen (1-5), alpha-fetoprotein (6,7),
human chorionic gonadotropin (8), a kidney carcinoma
antigen (9,10), and ferritin (//). Initial reports cited a
diagnostic accuracy of about 85% (2,7). Image-en
hancement techniques (12) and absorption ofxenoan-
tisera (/3) increase sensitivity. Nonetheless, the amount
of radiolabeled antibody localized in the tumor has been
low compared with the blood and other organs, partic
ularly the liver, thus limiting the clinical utility of present
methods (4). Furthermore, much of the published work
lacks controls in which nonspecific immunoglobulin was
used, control preparations often consisting of labeled
serum albumin. Such studies leave it unclear whether the
observed tumor localization was antigen-specific.

The antibodies used in the studies described above
were obtained from antisera. By using monoclonal an-
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tibodies (14), it should be possible to study the local
ization of an antibody that is of well-defined specificity
and is available in unlimited amounts. In this report we
describe the use of radiolabeled monoclonal antibodies
for the imaging of human malignant melanoma. We
have used mouse antibodies, and Fab fragments, specific
for p97, a 97-kilodalton glycoprotein present on the
surface of cells from human melanoma biopsies (15-
17).

METHODS

Radiolabeled monoclonal antibodies. Five different
antibody preparations were used. Two antibodies were
specific for p97 (77): Antibody 8.2 (IgG 1) and Antibody
96.5 (IgG2a), and three control immunoglobulin prep
arations were used, igGl and IgG2a purified from serum
of normal BALB/c mice, and antibody 1.4 (IgG 1,spe
cific for murine leukemia virus gp70; J. P. Brown, un
published work). Antibodies were purified from the as-
cites fluids of mice bearing hybridoma ascites tumors,
by affinity chromatography on protein A-Sepharose as
described (17). Fab fragments were prepared as de
scribed (16). The affinity for binding of both 8.2 and
96.5 to p97 antigen was measured and was found to be
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in the range of IO10LM for both antibodies. Affinity for

the Fab preparations appears to be in a similar range.
Purified antibody (1 to 3 mg) was labeled with 3-6

mCi 1-131 in 0.5-2 ml phosphate-buffered saline, pH 7.2
(PBS), containing 20 Mg/ml chloramine-T (17). The
labeled protein was separated from reagents by gel fil
tration on a 5-ml column of Sephadex G-25 superfine
that had been treated with 1 ml 5% human serum albu
min (HSA) and equilibrated with 10 ml PBS. The la
beled antibody was adjusted to a volume of 5 ml with
saline, 5 ml 25% HSA was added, and the solution was
sterile-filtered. The preparation was also tested for ste
rility and records were kept. No contamination was ob
served in any of the preparations.

The choice of specific activity for the radiolabeled
antibody for human studies (about 1 mCi/mg) was
based on previous human studies (data not shown),
which showed that for higher specific activities (20
mCi/mg), and smaller amounts of total antibody ad
ministered (30 to 50 Mgper patient), most of the radio
activity was complexed to circulating antigen and cleared
into the liver. At the small amounts of antibody, little if
any tumor uptake was observed.

Pyrogen tests. All solutions were preparedwith USP
pyrogen-free water and were tested for pyrogenicity
using Limulus amoebocyte lysate. Purified antibodies
were tested at a final concentration of 50 jug/ml and
radiolabeled preparations were tested before the addition
of HSA.

Assay for antibody to mouse immunoglobulin. Patient
samples were assayed for human antibodies against
mouse immunoglobulin on blood drawn for a baseline
before administering the radiolabeled anti-p97 antibody
for imaging. Test sample (10 M!)was incubated with 10
Â¿ilI-125-labeled mouse IgGl (IO4 cpm) for 30 min at
20Â°C.S. aureus (10 mg) was added in 1 ml of 20 mM
Tris-HCl buffer, pH 8.0, containing 100 mM NaCl, 1
mM EDTA, and 0.5% Nonidet P40 (TNEN). After a
further 5-min incubation, the bacteria were washed three
times with 10 ml TNEN and counted for 1-125. A
comparison was made between the test sample and a
control serum that did not contain anti-mouse antibodies.
A "positive" that was more than twice the control sample

was taken to be 1-125 bound to bacteria.
Assay for binding of labeled antibody to melanoma

cells. In order to assay the degree of antigen reactivity
in labeled preparations or patient samples, SK-MEL 28
melanoma (15) cells (2 million) were suspended in 100
H\ test sample. After 30 min at 0Â°C,the cells were
washed three times with 10 ml PBS and counted for I-
131. The results were expressed as percent of total added
radioactivity that was cell bound. It should be noted that
the radiolabeled antibody preparations used for imaging
were between 25-35% bound to the cellular fraction. In
this assay system, a maximum binding with I-125-la-
beled anti-p97 of up to 60% has been observed. This

suggests that although some damage had occurred
during iodination, a significant fraction of the antibody
retained the ability to bind to p97 antigen.

Animal studies. Athymic mice bearing xenografts of
human melanoma received 1-131-labeled Antibody 96.5
at 4 Mg/g (5 MCiper mouse), and were killed at 1 to 7
days after injection. Radioactivity was assayed in blood,
tumor, liver, lung, spleen, lymph nodes, kidney, stomach,
brain, and heart muscle. Some animals also simulta
neously received I-125-labeled IgG2a purified from
mouse serum.

Toxicity studies were performed in specific patho
gen-free New Zealand rabbits* weighing ~2 kg. Unla-

beled Antibody 96.5 in sterile saline was injected by the
ear vein. For the acute study, doses of 0.14, 1.4, and 14
mg/kg were tested (3 animals each) corresponding to 10,
100, and 1,000 times the maximum dose used in humans
(MHD). A control group of three animals received
sterile saline. The rabbits were killed 24 hr later, and
gross and microscopic examinations were performed on
brain, liver, spleen, lung, kidneys, and heart. For sub-
acute toxicity tests, two animals received 140 Mg/kg (ten
times MHD) on each of 10 consecutive days and were
killed and examined 24 hr later.

Humanstudies. Patients with widespread, inoperable
melanoma were selected for study after they had given
informed consent. In most cases all conventional forms
of therapy had failed. All patients had significant
amounts of p97 on their tumors, as measured by radio-
immunoassay (16). Thyroid uptake was blocked with 10
drops SSKI twice per day, 30 to 60 min before injection
and for 14 days thereafter. Baseline laboratory studies
were obtained before injection and were repeated at 48
hr, including hemoglobin, WBC count, platelets, serum
creatinine, bilirubin, LDH, SCOT, alkaline phosphatase,
serum complement, and urinalysis. Before intravenous
injection, 100 M!(20 Mg)of the labeled antibody prepa
ration was tested intradermally. If the skin test was
negative, the antibody or antibodies were each injected
over a 2-min period. Serial blood samples were drawn
at 5, 15, 30,45,60,90, and 120 min, and at 24 and 48 hr.
The plasma samples, standards, and biopsies (when
available) were assayed for radioactivity in a gamma
counter. Images were obtained at 48 hr with a gamma
camera with medium-energy collimator using a Tc-99m
HSA (1 mCi) blood-pool subtraction method (12)
without injection of pertechnetate. Data processing was
performed with a computer.

RESULTS

Animal studies. Radiolabeled antibody 96.5 was in
jected into athymic mice bearing subcutaneous grafts
of human melanoma, KZ2, which expresses large
amounts of p97 (16). The dose was 80 Mg/mouse, ap
proximately ten times the highest human dose subse
quently used. No toxicity was evident, and gross in-
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TABLE 1. SUMMARY OF PATIENT DATA

Pt. Date Purpose Ab Preparation ' Findings

1.-R.L. 2/2/81 Image tumor uptake

2:J.M. a. 1/2/81 Image tumor uptake

b. 1/17/81 Repeat of above

3:G.A.

4:Je.M.

2/17/81

a. 3/23/81

Image tumor uptake

Image tumor uptake

5:M.R.

6:B.O.

b. 4/14/81 Image tumor uptake

4/14/81 Image tumor uptake and compare

uptake in biopsies with that of
I- 125-labeled nonspecific lgG1.

7/14/81 Image tumor uptake and compare

uptake in biopsies with that of
1-125 labeled nonspecific Fab

1.4.

Ab 8.2 + Tumor uptake in lung bases & liver

lesion, 3 of 6 lesions found on autopsy

(2/19/81) have + scans (see Fig. 1

and text for Case 1).

Ab 8.2 3 of 4 known mÃ©tastaseshad + uptake.

Positive uptake in lesions,

subcutaneous abdominal wall, left lung,

and left hilum; negative subcutaneous

lesion in skull.

Ab 8.2 Much liver uptake, less in tumor.

Antibodies to mouse immunoglobulin

detected. Rapid clearance of labeled

antibody from blood.

Ab 8.2 + uptake in 2 of 2 sites of recurrent

melanoma in leg.

Ab 8.2 Scan + in 4 of 6 known mÃ©tastases.

Positive scan in 3 intrathoracic and 1

subcutaneous lesion on back; 2

subcutaneous lesions (skull and L

upper arm) were negative.

Ab 8.2 Much liver uptake and rapid blood

clearance. Antibodies to mouse

immunoglobulin detected.

Ab 8.2 + uptake in 4/4 lesions in the right leg

(see Fig. 2 and text, Case 2). Higher

relative uptake of specific antibody in

tumor biopsies (Table 2).

Fab 8.2 Scan + in 6 of 6 sites, in left cervical

area and submandibular area. Much

liver uptake (see text, Case 3). Higher

relative uptake of specific Fab

fragment in tumor biopsies (Table 2).

* Each patient received 0.7-2.5 mCi.

spection of the lungs, kidney, brain, gut, and liver re
vealed no abnormalities.

Biodistribution of injected antibody was studied at 6
hr and 1, 2, and 7 days after injection. Clearance of I-131

from blood was biphasic, 70% being cleared with a
half-time of about 1 day and the remainder with a half-
time of ~7 days. Tumors showed a progressive increase

in uptake, reaching 8 to 15% of the injected dose per
gram at 2 days. Other organs paralleled blood, with
initially high values comparable to or exceeding the
concentration in tumor at 6 hr, then falling to low values
at 7 days. At 7 days, tumor-to-organ concentration ratios

were: brain 23, muscle 13, stomach 6.9, spleen 3.9, liver
3.7, kidney 3.2, lymph node 3.0, lung 2.2. The tumor-
to-blood ratio was 0.8 (three animals per group).

To assess further the immunological specificity of
tumor uptake, we compared uptake of I-131-labeled
Antibody 96.5 with I-125-labeled IgG2a purified from

normal mouse serum. Uptake of Antibody 96.5 was

comparable to the values given above. The ratio of
Antibody 96.5 to control antibody in tumor increased
progressively with time: 6 hr 1.4,4 days 3.5, 6 days 5.0.
For organs, however, the ratio was close to unity. For
example, at 6 days the ratios of specific to control anti
body were: stomach 2.0, brain 1.6, lymph node 1.5, liver
1.2, lung 1.2, kidney 1.2, spleen 1.0, muscle 0.7. Thus,
in athymic mice Antibody 96.5 was not concentrated in
normal tissues relative to normal IgG2a.

Histological examination of tissues in pathogen-free

rabbits showed no changes compared with controls in the
subacute studies at 10 times MHD, nor in the acute
studies at 10 and 100 times MHD. At 1,000 times MHD
a mild, transient interstitial inflammatory change was
seen, characterized by increased numbers of macro
phages around blood vessels in the lungs.

Melanoma patient studies. Six melanoma patients
were imaged with l-131-labcled anti-p97 antibody or

Fab fragments to produce a total of 8 scans (Table I ).
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TABLE 2. BIODISTRIBUTION OF ANTI-p97 AND
CONTROL ANTIBODY PREPARATIONS.*

Whole antibody Fab fragment(Case 5) ' (Case 6)

Specific^ Control* Specifict ControlÂ§

Blood

Tumor 1

Tumor 2

Adjacent tissue

7.1
10.4
5.7
1.4

7.9
5.6
2.8
2.4

.3
1.4
1.1
.4

.9

.4

.3

.3

' Percent injected dose per gram of tissue times 1000, at

72 hours after injection.
t Antibody 8.2 (lgG1).

* IgGI from normal mouse serum.

Â§Antibody 1.4 (lgG1).

Four patients were studied once, two patients twice. One
patient was studied with Fab fragments, and the rest of
the images were performed with whole antibody. The
amount of radioactivity ranged from 1 to 2.5 mCi per
patient, and the total amount of antibody injected was
1 mg. Each patient received an intradermal test dose of
the radiolabeled immunoglobulin preparation before
intravenous injectin. Only one skin reaction was ob
served, and the positive reaction was shown to be due to
the carrier HSA. No acute reactions and no statistically
significant changes in blood chemistry attributable to
antibody injection were observed during the week after
administration of antibody.

Studies with Anti-p97 antibodyor Fab fragment at 1
mg per patient. Five patients received 1 mg of 1-131-
labeled Antibody 8.2, and one patient received 1 mg of
I-131-labeled Fab 8.2. In all six patients there was pos
itive uptake in documented melanoma in vivo. For those
receiving whole antibody, blood clearance of radiolabeled
antibody was biphasic, with 90% of the antibody cleared
with a half-life of 31 Â±5 (20 to 50) hr, and ( 19%) more
rapidly, with a half-life of 50 Â±8 (35 to 75) min. In these
patients, an estimated 50% of the radioactivity was taken
up by the liver. In the patient who received Fab 8.2,
clearance was much more rapid, with t\/2 of 20 min.
About 25% was cleared even more rapidly (within a few
minutes) into the liver. In the patient who received I-
131-labeled Fab 8.2, uptake was noted in 6 of 6 meta-
static tumor deposits in the neck. Among 26 documented
and two clinically presumed mÃ©tastases,22 (80%) were
positive. Negative mÃ©tastaseswere either less than 1.5
cm in diameter or adjacent to highly vascular areas of
high uptake (spleen, heart, stomach). Of lesions greater
than 1.5 cm, 22 of 25 (88%) showed positive uptake.
There were no false positives. Note that since the patients
were not rigorously staged in all instances, we interpret
the high detection rate (88%) for lesions greater than 1.5
cm as an indication that the technique shows promise,
and not as an absolute figure for its accuracy.

In two patients, specific tumor and tissue uptakes were
compared (see Cases 2 and 3 below, and Table 2).

The following three cases are illustrative:
Case 1: Positive antibody scan in a clinically unsus

pected hepatic metastasis. R.L. (Patient 1 in Table 1),
a 28-yr-old man, underwent a right nephrectomy, 18 mo
before admission, for a renal mass diagnosed as amela-
notic melanoma, primary unknown. Eight months before
admission, bilateral pulmonary mÃ©tastaseswere dis
covered. After a series of pulmonary infections and
progressive weight loss, the patient was admitted to the
hospital. An antibody scan was performed with injection
of 1 mg Antibody 8.2, labeled with 1 mCi 1-131. Scans
of the chest and upper abdomen were obtained 48 hr
after injection, and a PA chest film is shown for com
parison (Fig. 1). There was marked bilateral uptake in
the lung masses (double arrows) and in an area in the
mid portion of the right lobe of the liver (single arrow).
Uptake was also noted in the stomach, but most probably
this was iodide liberated by breakdown of the 1-131-
labeled antibody, since the background correction pro
cess used (12) corrected for the blood-pool activity but
not for free iodide. Six days after injection, the patient
died, with progressive tumor and pneumonia. At autopsy,
a solitary metastasis, 4 cm in diameter, in the lower right

A.

B.

FIG. 1. Patient R.L. (No. 1 in Table 1). (A) Anterior (left) and posterior
(right) scintigrams of chest. Images have been corrected for
blood-pool activity ( 72). There is prominent uptake of radioactive

antibody in lung (double arrows) and in a discrete focal area at right
lower border of liver (single arrow). Largest area of uptake, in left
upper quadrant, is in stomach, which concentrated iodide liberated
by breakdown of the I-131-labeled IgG. Scintigrams obtained 48 hr
after injection. (B) PA chest film. Obtained at time of 48-hr scintigram

shown in A. There is massive replacement of lung parenchyma in
teriorly by tumor masses. Associated collapse, fluid, and possibly
pneumonia, make it difficult to define precise boundaries of pleu-
ral-based masses.
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lobe of liver was found to have 2.9 times the 1-131 con

tent of the uninvolved liver tissue. The location of this
liver lesion corresponded to the site of positive uptake on
the scan. Two large pleural-based tumors (about 7X10

X 10 cm) were found on the lower lateral surfaces of the
parietal pleura. Surrounding the masses superiorly,
medially and posteriorly there was considerable con
solidation and inflammation. The positive uptake on scan
corresponded to the more lateral and inferior tumor
masses rather than the more central and perihilar in
flammatory tissue. Radioactivity in normal lung and in
metastic lesions in the lung was approximately equal on
a weight basis. However, since the lung tissues are ex
panded about four-fold in vivo, the actual concentration

ratio, on a volume basis, between the tumor and the
surrounding lung would be ~4. Three other lesions were

not seen on the scan: a thyroid nodule, which was below
the resolution limits of the scanning technique, and a
lesion in the tip of the left lobe of liver, which was ob
scured by the stomach. A third lesion in the spleen was
not visualized. Of the normal tissues measured, the liver
showed the highest uptake.

Case 2: Antigen-specific uptake ofanti-p97 antibody

by metastatic melanoma. To determine whether tumor
uptake of antibody was specific for p97, experiments
were performed following the technique of Pressman
(18). M.R., a 50-yr-old female (Patient 5 in Table 1)

with widespread melanoma, was found to have mÃ©tas
tases to the right popliteal fossa at 3 yr after wide re
section of a primary melanoma on the right lower leg,
with smaller subcutaneous mÃ©tastasesextending along
the posterior lymphatic chain up the thigh. The patient
received two immunoglobulin preparations of the IgGl
subclass: I-131-labeled Antibody 8.2 and I-125-labeled

IgGl from normal mouse serum (1 mg each labeled with
1 mCi). Blood clearance and volumes of distribution
were very similar for the two preparations. An image of
the right posterior popliteal fossa was obtained at 48 hr
(Fig. 2). Uptake in the tumor deposits was clearly visible
in the unprocessed images. In addition to the uptake in
the right popliteal fossa, there was uptake in smaller
lesions higher up in the posterior thigh. Using a computer
attached to the gamma camera, we compared count
ratios for normalized areas over the tumor and corre
sponding ratios over nontumor-bearing areas on the
48-hr unprocessed camera images. The ratio of uptake

in the tumor region to the contralateral popliteal fossa
was 2.5, and the ratios of the tumor region to regions
above and below the tumor were 1.9. We also performed
image processing as described by DeLand et al. (12)
(images not shown). For the larger tumors in the popli
teal fossa, this technique was not necessary, but the
smaller mÃ©tastasesin the posterior lymphatics were more
clearly visible in the subtracted images. The patient's

tumor was biopsied at 72 hr (Table 2). For the anti-p97

antibody, the ratios of tumor to adjacent tissue were 7.1

FIG. 2. Patient M.R. (No. 5 in Table 1). Posterior scintigram of
popliteal fossae. In right popliteal fossa, uptake is seen in metastatic
melanoma. Scintigram obtained 48 hr after injection; image is un
processed.

and 3.7, for Tumors I and 2, respectively, and the
tumor-to-blood ratios were 1.5 and 0.8. In both lesions,

twice as much specific as normal mouse antibody bound
to the tumor.

Case 3: Antigen-specific uptake of anti-p97 Fab

fragments by melanoma. B.O. (Patient 6 in Table 1) was
a 53-yr-old male with melanoma metastatic to the left

anterior cervical and submandibular lymph nodes from
a primary lesion near the left ear. Despite removal of the
left ear and lymph-node resection, with removal of the

left parotid gland, extensive recurrence in the left neck
was present. The patient received an intravenous injec
tion containing 1 mCiand 1 mg each of two preparations:
I-131-labeled Fab fragments of Antibody 8.2, and I-
125-labeled Fab fragments of Antibody 1.4. One hour
after injection of the I-131-labeled Fab, 50% of the ra

dioactivity that remained in the serum was still able to
bind to SK-MEL 28 cells in vitro. Scintiphotos showed

significant hepatic and renal uptake, as well as tumor
uptake of I-131-labeled Fab 8.2 at 24 and 48 hr after

injection. A biopsy of the neck masses was performed at
two different sites (Tumor 1 and Tumor 2), and adjacent
soft tissue. Results are shown in Table 2. For Tumors 1
and 2, respectively, the following tumor-to-tissue ratios

were observed for Fab 8.2: blood 4.6 and 3.7; adjacent
tissue 3.5 and 2.8. The ratios of Fab 8.2 to Fab 1.4 in
Tumors 1 and 2, respectively, were 3.5 and 3.7. Thus,
there was significantly more uptake of p97-specific than

control Fab into tumor.
Appearance of antibodies to mouse immunoglobulin.

Within several weeks of administration of 1 mg of mouse
immunoglobulin, all of three patients tested developed
antibodies to mouse IgG. In two of these patients (J.M.
and Je.M., Table 1), a comparison of the rate of clear
ance of anti-p97 antibody was obtained before and after
the appearance of the antibodies. In J.M. the half-life

of clearance of Antibody 8.2 decreased from 22 hr to 1
hr. In Je.M. it decreased from 20 hr to 4 hr. Neither of
the patients had had any skin reaction or untoward clinical
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effects subsequent to intravenous injection. However,
in both patients the uptake in liver was significantly
greater on the second occasion, and the tumor uptake
was less marked.

Dosimetry calculations. Based on the kinetic data
presented above, the calculated radiation doses, in
rads/mCi, for I-131-labeled IgG were as follows: liver
4.9, marrow 2, whole body 0.7, female gonads 0.7, male
gonads 0.6 (19). Biodistribution data with Fab fragment
are too limited to make adequate calculations at present,
but because of the more rapid clearance from blood and
whole body, exposures are considerably lower.

DISCUSSION

For several reasons we decided to evaluate the use of
monoclonal antibodies to the human melanoma-asso
ciated antigen p97 for the diagnostic imaging of mela
noma. The antigen is present at the outer surface of the
plasma membrane and is accessible to antibody (Â¡5-17).
It is expressed in much higher concentrations by many
melanomas than by normal adult tissues (16,17). Mo
noclonal antibodies of two different subclasses (IgG 1and
IgG2), and against several different epitopes of p97, are
available (17). A sensitive radioimmunoassay for p97
has been developed, permitting quantitative determi
nation of the amount of antigen present in tumors and
other tissues (16,20). Finally, since malignant melanoma
often metastasizes to subcutaneous tissue in noncritical
areas where biopsies can readily be made, it provides a
good model for assessing specificity and for monitoring
the degree of tumor uptake with various antibody
preparations.

Previous studies of radiolabeled antibody to p97 in
vitro have shown 10-200 times higher binding to cells
from most melanomas than to normal tissues (15-17).
We have now demonstrated the preferential localization
of anti-p97 antibody in metastatic melanoma, using both
scintigrams and direct measurements of tumor biopsies.
Since anti-p97 Antibody 8.2 has homogeneous light
chains, we used this preparation preferentially for
imaging studies.

The specificity of antibody binding to melanoma in
vivo was much less pronounced than might have been
expected from our in vitro studies, with target-to-back
ground ratios at least an order of magnitude lower than
they were when tumor biopsy or control material was
exposed to the same antibodies in vitro (data not shown).
This indicates that the distribution in vivo is determined
by various factors other than an interaction of antigen
and antibody at the tumor site. The greatest problem in
our present work has been the fact that the liver has
taken up most of the antibody, perhaps because pro
cessing of foreign or damaged protein occurs there.
Through a better knowledge of the pharmacology of
intravenously administered mouse antibody, it may be

possible to reduce the uptake into the liver.
A problem with interpreting previous studies on

antibody localization into tumors has been the limited
evidence of immunological specificity, particularly since
proteins are known to penetrate the expanded extracel
lular space of tumors (21 ). A useful way to demonstrate
immunological specificity is to use the paired labeling
technique of Pressman, in which, e.g., I-125-labeled
control and I-131-labeled specific immunoglobulin of
the same isotype are injected simultaneously and their
uptakes into the tumor compared (18). Mach et al. (4)
used this approach to detect immune specific uptake, into
human colon tumors, of goat antibody to carcinoem-
bryonic antigen. Likewise, we could show that antibodies
and Fab fragments specific for p97 (1 mg dose) had a
significantly higher uptake in melanoma biopsies than
control preparations, which localized to tumor to the
same extent as to normal tissues.

The safety of using mouse monoclonal antibodies in
humans has raised concern. As one step toward investi
gating this, we tested specific pathogen-free rabbits with
Antibody 96.5. Mild, transient changes were noted only
at doses of 1000 times the maximum human dose used
for diagnostic imaging, and doses of 100and 10 times the
maximum human dose had no detectable effect. In none
of the six melanoma patients was there any evidence of
acute or subacute reaction to the antibody, or of any
hematological or immunological side effects.

We believe that Fab fragments deserve further con
sideration for scanning. Animal studies indicate that
greater target-to-nontarget ratios can be obtained by
using such fragments rather than whole antibody (22).
Our preliminary findings support this view, since we
found that not only were anti-p97 Fab fragments taken
up by tumor but higher tumor-to-blood ratios were ob
tained than for whole antibody. Also, because tumor
localization and blood clearance are more rapid, short
lived emitters, such as Tc-99m or 1-123 may be useful
labels for Fab fragments. These radionuclides may give
images of higher resolution than with 1-131 because of
more favorable radiation energies and because larger
quantities can be administered without increasing the
radiation exposure to the patient, thereby reducing the
random noise in the images. However, the absolute up
take of Fab into tumor is lower by a factor of 4 to 5, and
a corresponding increase of the dose of labeled Fab may
be required for good-quality images. For example, in
patient B.O. (Case 3), who received only a limited
amount of radioactivity (1 mCi), random variation in
count rate degraded the image quality.

Antibodies to mouse IgG appeared in the patients'

sera after intravenous administration of 1 mg or more
of the mouse IgG. Although no clinical effects were ev
ident in subsequent experiments, as expected (23), these
patients cleared the labeled mouse antibody much more
rapidly into the liver, and tumor uptake was reduced. Fab
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fragments may help to overcome this problem. Thus,
patient B.O., who received 1 mg Fab 8.2, has not devel
oped antibodies to mouse immunoglobulin. The use of
human monoclonal antibody would avoid this
problem.

We conclude that monoclonal mouse antibodies to p97
can be given safely to human patients in milligram doses
and that immunologically specific uptake into melano
mas can be obtained. The fact that tumor uptake of
anti-p97 antibody can be observed in humans has im

portant implications for any attempt to use such anti
bodies for tumor therapy. Also, we are encouraged by
our findings suggesting that such monoclonal antibodies
may be useful for the diagnosis of occult melanoma in
selected patients. We believe, however, that further
improvements in in-vivo specificity must be achieved

before these methods will become clinically useful in the
majority of patients with melanoma. We believe that
such improvements will come by controlling factors that
degrade the immunoreactivity of the radiolabeled
preparations, by improving the stability of the radiola
beled antibodies in vivo, and by understanding better the
biology of clearance of immunoglobulin into liver, in
order ultimately to limit hepatic uptake and increase in
vivo targeting of antibody to tumor. Work is currently
under way in our laboratory to investigate these possi
bilities.

FOOTNOTE

* Dutchland Rabbitry, Denver, Pennsylvania.
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