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The monoclonal antibody (Mab) designated 145-9 recognizes
CA125 antigen but binds to a different epitope than that recog-
nized by OC125 antibody. This is a clinical study assessing the
safety, kinetics and imaging sensitivity of Mab 145-9. Two milli-
grams of Mab were labeled with 111 MBq (3.0 mCi) of 'l and
infused intravenously in 18 patients with ovarian carcinoma.
Immunoscintigraphies were done at three, five, and seven days.
There were no adverse reactions to the injection of this Mab. All
immunoscintigraphies were considered positive. Immunoscintig-
raphy detected tumor lesions were confirmed in operative fields,
in two patients with normal serum levels of CA125 and in four
patients whose sonography and/or x-ray computed tomography
showed negative findings. In five patients, immunoscintigraphy
was repeated without any adverse reaction and revealed the
progress of the carcinoma. Pharmacokinetic studies showed the
steady-state volume of distribution (Vdss) to be 2772 + 466 ml
(mean + s.d.), and clearance §1.3 + 12.7 mihr. In summary,
immunoscintigraphies using 3'IHabeled Mab 145-9 were done
safely in patients with ovarian carcinoma. Preliminary results
reveal a high sensitivity compared to radiological methods and
tests currently in use.
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Malignant ovarian tumor poses one of the most seri-
ous problems in gynecology (). Because the disease is
often metastasized and widespread by the time of surgery,
the prognosis is usually poor despite rigorous treatment.
Because the tumors are often in the form of peritoneal
seeding or matted to bowel or omentum, use of ultrasound
or x-ray computed tomography (CT) is not very successful
(2). Diagnosis of ovarian cancer ultimately requires explor-
atory laparotomy. Following chemotherapy, a second-look
operation is usually performed to identify remnant tumor (3).

To solve these problems, imaging with radiolabeled
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monoclonal antibodies specific for antigens present in
ovarian cancer cells has been introduced (4). Immunoscin-
tigraphy has been tried using several monoclonal antibod-
ies such as human milk fat globule (HMFG) glycoprotein,
SM3, 0OC125, OV-TL3, and B72.3, etc. (5-11). However,
immunoscintigraphy cannot totally replace laparotomy for
diagnosing ovarian cancer at the present time (12).

This study used 145-9, a new monoclonal antibody di-
rected against the CA125 antigen. An IgG2b antibody,
145-9 binds to a different epitope on CA125 than that rec-
ognized by OC125 antibody (13). A previous report
showed distinct uptake of *'I-labeled 145-9 antibody in
human ovarian cancer xenografts in nude mice (14). We
evaluated the feasibility of immunoscintigraphy employing
B311.1abeled 145-9 antibody in patients with advanced ovar-
ian carcinoma.

MATERIALS AND METHODS

Patients

Eighteen patients between the ages 35 and 72 entered our study
from January 1991 to May 1992. Twelve patients were diagnosed
with ovarian cancer and had previously undergone surgery and
chemotherapy before immunoscintigraphy. The remaining six pa-
tients were hospitalized for suspicion of ovarian cancer; all six
were later confirmed to have ovarian carcinoma.

The pathologic types of carcinoma in the study patients were
varied: eight had papillary serous adenocarcinoma, four had en-
dometrioid carcinoma, two had unclassified carcinoma and the
remaining four each had undifferentiated, clear cell, small cell and
malignant Miillerian mixed tumor, respectively. In five patients,
immunoscintigraphies were repeated a few months after the initial

study.

Monocional Antibody

The murine monoclonal antibody 145-9 is an IgG2b antibody
directed against the CA125 antigen. However, it binds to a differ-
ent epitope on CA125 than the epitope recognized by conven-
tional OC125 antibody. The 145-9 antibodies were generated by
fusing myeloma cells and spleen cells of mice immunized with the
human lung cancer cell PC-9. The affinity constant of 145-9 is 2.75
x 10° liter per M (13).

Labeling of the antibody with '3'I was performed with the
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TABLE 1
In Vitro Tests of Radiolabeled Antibody

Test Result
Labeling efficiency 90.9%-99.8%
Immunoreactivity 52.8%-71.9%
Pyrogen test Negative
Bacteria culture Negative
Mycoplasma culture Negative
Virus culture

vero cell Negative
MRC-5 cell Negative

chloramine T method. Two milligrams of antibody were reacted
with 111 MBq (3 mCi) of 3'I (New England Nuclear, Boston,
MA) by adding 12.5 ug of chloramine T and stopped after 2 min by
adding 43.8 ug of sodium thiosulfate. A PD-10 column (Pharma-
cia, Piscataway, NJ) was used to separate radiolabeled antibody
from free '3'I. More than 90% of the purified antibody was pre-
cipitable with 10% trichloroacetic acid.

The immunoreactivity of the radiolabeled antibody was deter-
mined using a serial-cell binding assay. In 200 ul, 0.25 to 10 million
SNU-8 human ovarian cancer cells, which express CA125, were
reacted with 5 ng of radiolabeled antibody. Nonspecific binding was
measured by adding 25 ug of unlabeled antibody. After a
2 hr incubation, all tubes were centrifuged to pellet the cells, which
were then counted. Cell counts were expressed as a percentage of
the total count corrected for nonspecific binding. The immunore-
activity was calculated by the double inverse plot, as described by
Lindmo et al. (15). The antibody was tested for pyrogenicity
(LAL test) and sterility before being injected into patients.

Scintigraphic Technique

Immunoscintigraphy was done after obtaining informed con-
sent from each patient. Thyroid uptake of > was blocked by oral
administration of potassium perchlorate (500 mg/day) and potas-
sium iodide (360 mg/day) for 7 days beginning from 1 day prior to
injection of the radiolabeled antibody. Three, five and seven days
after injection, static planar scintigrams were obtained using a
large field-of-view gamma camera (ON 410, Ohio Nuclear Inc.,
Solon, OH) with a medium energy collimator linked to a Gam-
ma-11 computer.

Antibody (111 MBq, 3 mCi) was infused into each patient. The
radiolabeled antibody was given intravenously over a period of 5
min in an infusion of 20 ml of normal saline. Anterior images of the
chest, abdomen and pelvis were recorded, each accumulating
200,000 counts.

To evaluate the pharmacokinetics of this antibody, serial blood
samples were obtained before infusion and at 5, 30 min and 1, 2,
4, 8, 24, 48, and 72 hr intervals in six patients. Serial cumulated
urine collections were obtained for 0 to 2 hr, 2 to 24 hr, 24 to 48 hr
and 48 to 72 hr after infusion. We also measured the serum levels
of CA125 and human antimouse antibody (HAMA) using a radio-
immunometric assay kit (Centocor, Pennsylvania, PA), and a
ELISA kit (Immunomedics, Warren, NJ), respectively.

RESULTS

The *'I-labeled antibody was tested for pyrogenicity
and sterility (bacteria, mycoplasma and viral cultures); all
tests were negative. The range of immunoreactivity was
between 52% and 72% (Table 1). No adverse reactions or
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change in vital signs were seen. Repeated studies were
safely performed in five patients.

Results obtained from the patient study are summarized
in Table 2. All immunoscintigraphies were considered pos-
itive. In two patients, serum levels of CA125 were normal
(Patients 5 and 13) and in four patients, CT tomography
and/or ultrasonography showed no abnormal mass (Pa-
tients 3, 4, 5, 11). However, in all five patients, immuno-
scintigraphy revealed abnormal increase in the uptake of
antibody; in each, the presence of tumor was confirmed
surgically. The smallest tumor confirmed by operation was
2 X 2 cm (Patient 3), but almost all tumors visualized in
immunoscintigraphy were above 4 cm in diameter.

A typical *!1-145-9 immunoscintigraphy image of local-
ized ovarian cancer is shown in Figure 1 (Patient 8). A hot
uptake was clearly visualized in the pelvic cavity; ultra-
sonography showed a cystic ovarian mass. Surgery con-
firmed this mass to be a serous adenocarcinoma. Diffuse
uptake in the pelvis and lower abdomen is shown in Figure
2 (Patient 9); this patient’s serum level of CA125 was very
high: 2,180 U/ml (normal range: less than 35 U/ml).

Figure 3 shows recurrence of ovarian carcinoma (Patient
3); ovarian cancer was diagnosed surgically. This patient’s
serum level of CA125 was higher than normal (73 U/ml).
Immunoscintigraphy showed hot uptakes on the right dia-
phragm, liver and abdomen. The CT image revealed no
abnormal mass or lesion. Six months later, a CT scan
revealed masses in the liver and abdomen.

Figure 4 shows an immunoscintigraph of a patient who
had surgery for ovarian cancer. After debulking, cytore-
ductive surgery, the serum level of CA125 decreased to
normal range. The CT scan showed no abnormality in the
pelvic cavity or lower abdomen. However, immunoscin-
tigraphy showed abnormal uptake in the pelvis. Second-
look surgery confirmed the presence of tumor.

Analysis of the serum clearance curves provided the
mean values for clearance (Cl = 51.3 + 12.7 ml/hr; mean +
s.d.), mean residence time (MRT = 62.2 = 12.2 hr), half-
life (T, = 2.8 = 1.8 hr, T, ;5 = 45.0 + 10.4 hr), volume
of the central compartment (Vc = 2386 + 522 ml) and
steady-state volume of distribution (Vdss = 2772 + 466 ml)
(Table 3). The 145-9 antibody showed a two-compartment
clearance. The volume of the central compartment was
2.38 liters, which was the approximate plasma volume of
the patients. Within 3 days after antibody infusion, about
half the radioactivity was excreted in the urine (Table 4).

The level of human antimouse antibody (HAMA) in the
serum was measured in 10 patients within 8 wk after anti-
body infusion. Three patients (30%) showed positive reac-
tions using an ELISA test.

DISCUSSION

There is no doubt that the prognosis of ovarian cancer is
determined by its staging and grading and by an accurate
assessment of disease status during and after therapy. Con-
ventional imaging modalities, such as ultrasound, x-ray,
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TABLE 2
Results from Investigated Patients

Age Serum CA125 Other Means of
Patient (yn (U/mi) RIS Image Dx
1 69 253 pelvis, abdomen CT(+) Surgery
2 61 269 pelvis, abdomen MRI(+) Surgery
3 62 3 right diaphragm, CT(-) Surgery
abdomen, liver
4(1) 49 198 pelvis, abdomen CT(-) Surgery
@ 3980 pelvis, abdomen
5(1) 52 5 pelvis US(-) Surgery
@ 139 pelvis, abdomen CT(-)
6 58 243 pelvis, abdomen MRI(+) Surgery
7(1) 50 4243 pelvis, liver US(+) Surgery
@ 92 pelvis, liver
8 35 378 pelvis, liver US(+) Surgery
9 42 2180 pelvis, abdomen US(+) Surgery
10 56 369 pelvis CT(+) Surgery
11(1) 43 217 pelvis CT(-) Surgery
@ 250 pelvis
12 55 78 pelvis, liver CT(+) Concordance
13 55 5 pelvis, abdomen, liver CT(+) Surgery
14(1) 61 13168 pelvis, abdomen US(+) Concordance
@ 428 pelvis, abdomen, liver
15 51 500 pelvis, liver CT(+) Concordance
16 54 167 pelvis, abdomen CT(+) Concordance
17 72 1520 pelvis, abdomen MRI(?) Evolution
18 60 441 pelvis, abdomen MRI(+) Concordance

RIS = radioimmunoscintigraphy and Concordance = concordant results of US, CT and MRI.

CT and magnetic resonance image (MRI), have not had a
dramatic impact on detection or management of patients
with recurrent ovarian cancer. The main difficulty in as-
sessing these images of patients with recurrent disease is
due to gross abnormality of the pelvic anatomy resulting
from previous surgery; differentiating between tumor and
peritoneal adhesions is difficult (10). Second-look surgery
is usually performed. For patients not examined surgically,
the diagnosis of recurrence was considered highly probable
based on significant elevations in serum tumor markers,
particularly elevations in CA125 levels (9).
Immunoscintigraphy using monoclonal antibodies against
these tumor markers has been successful in visualizing

ovarian carcinoma. The main role of this technique is in the
follow-up of ovarian cancer and in monitoring therapeutic
response. The overall sensitivity in detecting ovarian car-
cinoma was 70% - 100%. The specificity, however, was
33% - 83% (12). Chatal et al. reported that false-negative
results could be attributed to the small tumor size and the
high percentage of necrotic tissue (9). Immunoscintigraphy
may demonstrate tumor masses that are as small as 8 mm
in diameter; this size is undetectable by other imaging
techniques (16).

We were able to detect ovarian cancer in four patients in
whom the tumor was not demonstrated by other x-ray
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FIGURE 3.
Images of a patient
with recument ovar-
ian carcinoma. (A)
Anterior view of the
upper abdomen at 3
days L
shows abnormal up-
take on the right di-
aphragm (solid ar-
row), liver and
abdomen (empty ar-
rows). (B) This
recurrence was
missed by CT scan
and confirmed
laparotomy.

methods. Immunoscintigraphy findings correlated very
well with subsequent laparotomy findings, when employed
in established ovarian cancer patients. However, it pro-
duced more false-positive results when employed during
the initial work-up of patients with pelvic mass (6).
Tumor sites can be demonstrated by immunoscintigra-
phy when rise in a serum marker is detected; however, it
has been increasingly noted that tumor detection is also
possible without such a rise in serum markers (5). We also
had two cases in which the serum level of CA125 was in the
normal range but the immunoscintigraphy showed positive
uptake. Scan findings were confirmed to be accurate by
subsequent surgery. We speculate that 1) some tumor cells
express CA125 antigens on their cell surface without se-
creting them into the blood, or 2) CA12S antigen secreted

FIGURE 4.

Computer image of
the pelvis in a pa-
tient with a normal
level of serum
CA125 at 3 days
postadministration
of 31-1459. Ab-
normal uptake
above the bladder
was confimed as a

TABLE 3
Analysis of the Serum Clearance Curve

Parameter Mean + s.d.
Clearance 51.3 = 12.7 mihr
MRT 622 + 122 hr
T12a 28+ 18hr
Ti1/28 450 = 104 hr
Ve 2386 + 522 ml
Vdss 2772 + 466 ml

MRT: mean residence time; T,,: half-ife; Vc: volume of the central
compartment; Vdss: steady-state volume of distribution.

into the circulation is diluted and is too low to be detectable
as positive in serum CA125 levels.

Human antimouse antibody (HAMA) was detectable in
30% of patients after infusion of 145-9 antibody, since 145-9
is a foreign mouse protein to human. Production of HAMA
is also reported in patients after OC125 infusion and some
are known as anti-idiotype antibody to CA125. In addition,
HAMA may interfere in the determination of CA125 levels
in serum.

CAL12S is an ovarian cancer-associated antigen of a high-
molecular-weight glycoprotein (17). Calcium 125 is the
original antibody to this protein made by Bast et al. (18).
The 145-9 antibody recognizes CA125 antigens but binds to
determinants that are different from those recognized by
OC12S antibody (13). The clinical utility of 145-9 antibod-
ies might be the same as OC125 antibodies. However,
1459 can be used as an alternative method to use of
OC125. And anti-idiotype antibody to 145-9 may not inter-
fere with determination of serum CA125 values in ovarian
cancer patients after repeated infusion of 145-9 antibody.

This preliminary study shows the first clinical use of
145-9. There has been a recent evolution in the radiolabels
used for immunoscintigraphy (19). Imaging using 'In or
%™Tc has shown to be of greater clinical value because of
the improved image quality when compared with I
Also, use of SPECT has the advantage of increasing con-
trast and providing three-dimensional localization of a fo-
cus and increasing the sensitivity of tumor detection (20).
Antibody fragments are preferred for in vivo use since their
clearance in normal tissue is faster than that of intact an-
tibodies; however, clearance from tumors varies little us-
ing either antibody form (21).

We should be able to demonstrate the clinical usefulness

TABLE 4
Cumulated Excretion in Urine
Time Mean + s.d.
2hr 0.90 + 0.53% ID
24 hr 14.01 £ 4.67%ID
48 hr 33.75 + 7.38% ID
72 hr 55.25 + 11.30% ID

% ID: percent injected dose
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of the 145-9 antibody by employing these advances in im-
munoscintigraphy.

SUMMARY

Eighteen patients with ovarian carcinoma showed posi-
tive uptake in immunoscintigraphy using '*'I-labeled 145-9
antibody. In five patients, repeated immunoscintigraphs
were performed without any adverse reaction. Two pa-
tients showed normal serum levels of CA125 with positive
uptakes of the antibody; tumor was confirmed in both.
Immunoscintigraphy of ovarian carcinoma employing
145-9 was more sensitive in detecting tumor than CT or
sonography. The 145-9 antibody has a promising potential
for immunoscintigraphic detection of ovarian carcinoma.
More detailed studies using ''In or ®™Tc labeled antibody
with SPECT will follow to verify the clinical utility of 145-9
immunoscintigraphy in ovarian carcinoma.
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