
invasive methods. Recently developed serum tumor
markers, e.g., CA 125 (5), can be used as warning
signals, roughly reflecting the course of disease with a
high rate of false-negatives at the time of second-look
operation (6). New techniques must be developed that
allow determination ofthe actual disease status both in
primary patients as well as in those suspected to have
persistent or recurrent disease.

Conventional noninvasive tools to assess the presence
and spread of abdominal and pelvic malignancies in
dude ultrasound (US), X-ray computed tomography
(CT) and magnetic resonance imaging (MRI). Until
now, these diagnostic modalities do not provide suffi
cient information about the actual disease status of an
individual patient. CT is unable to detect small-sized
tumors in many abdominal and pelvic localizations.
The overall sensitivity for different tumor sites is 40%
(7,8). The sensitivity of US and MM for the detection
of distinct ovarian carcinoma tumor deposits has not
yet sufficiently been established.

Immunoscintigraphy (IS) using monoclonal antibod
ies (MAbs) has been proposed as a useful means of
detecting residual or recurrent ovarian cancer (9,10).
Various antibodies and radionucides have been used
(9â€”16).The majority ofthe tumor imaging studies with
labeled MAbS have been performed with radionucides
of iodine (1 7). Those radioiodinated antibodies are
subjectto in vivo dehalogenation(18). Radioiodination
techniques are now frequently being replaced by chelate
binding metallic radionucides, such as indium-l 11
(â€˜â€˜â€˜In)or technetium-99m.

The MAb used in this study, OV-TL 3, developed at
the University of Nijmegen (19), has shown encourag
ing preliminary results in ovarian cancer patients (20).

In the present study, F(ab')2 fragments of the MAb
were chosen. The goals ofthe present prospective study
were (a) to determine the safety of intravenously ad
ministered â€˜â€˜â€˜In-labeledOV-TL 3 F(ab')2 and (b) to
evaluate its diagnostic accuracy in imaging patients with
ovarian cancer.

The safety and diagnostic accuracy of immunoscintigraphy
wfth the indium-i 11-labeled monoclonal antibody OV-TL 3
F(ab')@(â€œ1ln-OV-TL3 F(ab')@)for diagnosisandfellow-up
of ovariancancerwas prospectivelystudiedin31 patients.
Planarand SPECTscintigraphywere performedup to 4
daysafter i.v. injectionof 140 MBq 111ln-OV-TL3 F(ab')@.
Surgicalevaluationwas possiblein 22 out of 31 patients.
Imaging results were compared with X-ray computed to
mography,ultrasound,andCA 125 serumlevelusingthe
histologicallyconfirmedsurgicalfindingsas a â€œgoldstand
aid.â€•Apartfroma transientrashobservedin two patients,
no other immediate or delayed adverse reactions were
observed. Within the surgically evaluated group, ovarian
cancer lesions were detected in 16 out of I 7 patients
(94%).Of 45 distinct tumor depositsfound at operation,
67% were detected and localized with immunoscintigraphy
whileX-raycomputedtomographyand ultrasoundvisual
ized53%and23%, respectively.

J NucI Med 1990; 31:1802â€”1810

varian cancer is still one of the leading causes of
cancer death in women in the western world (1). The
overall five-year survival rate is ---30% (2). The silent
spread of ovarian cancer within the abdominal cavity
and the lack ofa suitable technique to detect this spread
are the main reasons that 70% ofthe patients are found
to have advanced disease (FIGO Stage III or IV) at the
time ofdiagnosis (3).

Current therapy mostly combines surgical debulking
with combination chemotherapy (including cisplatin),
leading to a considerable percentage (68%) of clinical
responses (4). A major problem is the inability to
unequivocally determine complete remission with non
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compared to that ofradioiodinated whole IgG OV-TL 3. From
thesestudies,the affinityconstant of the injectedpreparation
was determined (26).

Patients
All patients enrolled in the study (n = 3 1) were either highly

suspected of having ovarian cancer (n = 15) or had cytologic
or histologic evidence of ovarian cancer (n = 16).

Priortherapydid not restrictadmissionto the studyas long
as the last course was administered at least 3 wk prior to study
entry and hematologic recovery had occurred. Patients with
known allergy to murine antigens, life-threatening infection,
allergic diathesis or diagnosis of a second malignancy, other
than treated squamous/basal cell carcinoma of the skin, were
excluded.Patientswith prior administrationof murine MAb
were also excluded from the study. The procedure was ex
plained to each patient and informed consent was obtained
prior to study entry. Some characteristics of the patients are
listed in Table 1. The mean age was 62.3 yr (median age 64
yr, range 44â€”78yr). No patient was studied twice. Fourteen
patients had received chemotherapy for epithelial ovarian
cancer prior to immunoscintigraphy. Surgery was performed
on 22 ofthe 31 patients.

Patient Studies
Medical history was taken and physical examination was

performedin each patient prior to i.v. injection of the anti
body. Blood was drawn for a complete blood count, WBC,
differential WBC, platelet count and serum biochemical pro
file. These measurements were repeated at 24 and 48 hr after
injection and again after three weeks. An electrocardiogram,
chest radiograph, and a CA 125 serum level (Table 1) were
also obtained as part ofthe pre-antibody injection evaluation.

In all patients studied, standardized X-ray CT with the aid
oforal and i.v. contrast agents was performed within a period
of seven days from administration of the radioimmunocon
jugate. Abdominal and pelvic scans of 8 mm thickness at 8
mm intervals were obtained from the level of the diaphragm
to the perineum with a third-generation CT-scanner (Siemens
Somatom 3, Hoffman Estates, IL). All CT scans were evalu
ated by one radiologist, unaware of immunoscintigraphic or
surgical results. In 20 out of 22 operated patients, US was
performed as a routine preoperative screening using a Diason
ics DRF 100 sector scanner (Les Ulis, France).

All patients received 148 MBq (122â€”162 MBq) of â€œIn
labeled MAt, (1.0 mg). A skin test was not performed. The
antibody preparation was diluted in 5 ml ofsaline and infused
over a 5-mm period oftime into the cephalic vein. Vital signs
(blood pressure, pulse rate, temperature and breathing fre
quency) were measured frequently up to 3 hr after injection
and again at 24 and 48 hr.

Bothplanarscintigraphyand SPECTwereperformedusing
the same rotatingsingle-headgamma camera with a parallel
hole medium-energy collimator (Siemens, type Orbiter, Hoff
man Estates, IL). Planar scintillation camera images were
recorded at 4, 24, 48, 72, and 96 hr postinfusion. Digital
acquisition was recorded on a Siemens Scintiview data proc
essing system. Both l73-keV and 247-keV gamma-ray peaks
of â€˜â€˜â€˜Inwith symmetric 20% windows were used to record
anterior and posterior views ofthe chest, abdomen, and pelvis
with a preset time of5 mm. An additional image ofthe pelvis,
with the patient sitting above the camera surface leaning
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MATERIALS AND METHODS

Monoclonal Antibody
OV-TL 3 is a murine MAt, of the IgG1 subclass that

recognizes a cell surface antigenic determinant (OA 3) present
on most ovarian carcinomas. OA 3 is a glycoprotein with
apparent weights of 20 and 40 kilodaltons. The antibody was
generated by immunization of BALB/c mice with a cell sus
pension prepared from an endometrioid ovarian carcinoma
(19). Using the immunofluorescence technique, OV-TL 3 was
stained on frozen sections from more than 90% of human
ovarian carcinomas of various histologic types (19,21 ). Occa
sional reactivity has been seen with several other gynecologic
and non-gynecologic tumors (19,22). Within a limited num
ber of normal tissues tested, no cross reactivity has been seen
apart from reactivity with epithelium of the female genital
tract (19). In contrastto manyotherovariancancer-associated
antigens, e.g., CA 125 (5) and HMFG2 (23), the antigen
recognized by OV-TL 3 could not be detected in serum. The
MAb fragment used was provided by Centocor Inc., Malvern,
PAand approvedfor human useas an investigativenewdrug
by the Federal Drug Administration, USA. Approval was also
obtained from the National Board of Health in the Nether
lands and the Human Research Review Committee of the
University Hospital Nijmegen.

The F(ab')2fragmentswerepreparedbydirectpepsindiges
tion ofthe OV-TL 3 IgG. The crude F(ab')2 was subsequently
purified by cation-exchange chromatography on S-Sepharose
fast flow.

Radiolabeling
The antibody fragment was radiolabeled with â€˜@ In, using

diethylenetriaminepentaacetic acid (DTPA) bicyclic anhy
dride as a chelating agent (24).

OV-TL3 F(ab')2-DTPAwassuppliedin a two-vialkit as a
sterile non-pyrogenic solution. The first vial contained 1.0 mg
of OV-TL 3 F(ab')2-DTPA in 1 ml of 10 mM sodium phos
phate, 0. 15 M sodium chloride, 10% w/v maltose, pH 6.5,
with no preservatives. The contents ofthe first vial was added
to the second vial containing 1.0 ml of 0.2 M sodium citrate
(pH 5.0) in order to acidify the antibody-DTPA complex prior
to the labelingwith â€˜â€˜In. The antibody was radiolabeledby
adding 185 MBq of sterile pyrogen-free â€˜â€˜â€˜In-chloride(Amer
sham Intl., Amersham, UK). The final preparation contained
1â€”2DTPA molecules per antibody molecule. Prior to injec
tion the preparation was sterilized by filtration.

Qualfty Control
Instant thin-layer chromatography (ITLC) was used to de

termine the labeling efficiency of the radiolabeled antibody.
For this purpose, Gelman ITLC-SG strips were used with 0.1
M sodium citrate (pH 5.0) solution as solvent.

Immunoreactivity ofthe F(ab')2-DTPA immunoconjugate
was tested with NIH:OVCAR-3 cells in an ELISA and com
pared to the reactivity of unconjugated intact OV-TL 3.

Routine binding of the radiolabeled fragment to ovarian
carcinoma cells was tested with a competitive binding assay,
using glutaraldehyde (0.25%) fixed NIH:OVCAR-3 ovarian
carcinoma cells (25) as a solid phase. A fixed concentration
of labeled antibody (50 ng/ml) was incubated (4 hr, room
temp.) in the presence ofvarious concentrations ofcold intact
OV-TL 3. Binding of â€˜â€˜â€˜In-labeledOV-TL 3 F(ab')2 was



TABLE 1
Characteristics of 31 Prospectively Investigated Patients

Suspected for or Known to Have Ovarian Cancer

were seen in at least two out ofthree studies, notcorrespondingto
sites with known physiologic uptake.
Surgery was performed on 22 out of 3 1 patients between 5

and 7 days after MAb injection. At surgery, the whole abdomPatient Age FIGO Primary Serum CASurgeryno.
(yr) stage carcinoma 125 (U/mI)performedmo-pelvic cavity was carefully checked for abnormalities. All

suspect tissues were either completely removed or biopsies
were taken. All tissues obtained at surgery underwent histo
pathologic examination. Furthermore, scintiscans weremade1

75 Ill serous 120 +
2 53 IV serous 7200 +
3 44 III serous 290â€”4

54 Ill serous 40 +of all resected tissues, using the same gamma camera aswas5
67 III endometrioid 320 â€”used for the patientstudies.6
61 Ill serous 5200 +Imaging results were evaluated in two different waysusing7
71 llC endometrioid 10 +the histologically confirmed surgical findings asa â€œgoldstand

8 56 Ill serous 430 +
9 56 I serous 130 +

10 70 IV adenocarc. 450 +
11 77 III adenocarc. 4400 â€”
12 53 IlIC serous 14000 +
13 56 IC serous 7700 â€”
14 69 IV serous 2900 +ard.â€•

The detection of ovarian cancer positive and negative
patients was assessed in the 22 operated patients and compared
with CT, US, and CA 125 serum level. However, the actual

diagnostic accuracy of IS with â€˜â€˜â€˜In-OV-TL3 F(ab')2 was
asseSSedby evaluating the detection and localization rate of
distinct tumor deposits found at operation. Tumordeposits1

5 50 III serous 880 +smaller than 1cm in diameter, including peritonealcarcinosis,1
6 59 Ill serous 2000 â€”were leftoutofthissecondanalysis.1
7 67 III adenocarc. 890+1
8 78 III endometrioid 120000 â€”

19 62 III serous 350+RESULTS20
64 Ill serous 57 â€”

21 73 IV serous 1800 â€”
22 69 III serous 460 â€”Labeling

Efficiency and Immunoreactivity
Within 1 hr prior to MAb injection, labeling effi

23 71 IA serousborderl. 7.5 +ciency was determined by ITLC. The result wasalways24
56 IV adenocarc. 1800 +better than 98%. Immunoreactivity testing usingan25
64 â€” benign 15 +

26 61 IV adenocarc. 1200 +
27 60 IlIC endometrioid 160 +
28 57 IlIC serous 2800 +ELISA

indicated that 50% of the maximum binding of
the OV-TL 3 F(ab')2-DTPA was obtained at a concen

.
tration not significantly higher than that withintact29

77 â€” coloncarc. 11 +OVTL 3. Displacement studies were performedas30
66 â€” benign 8.2 +described. The affinity constant of the injected prepa

31 57 â€” benign 14 +ration ranged from 1 to 4 x 108 1/mol, being in the
same range as for the â€˜251-labeled OV-TL 3 (wholeIgG).Cut-off

value for CA 125: 35 U/mI.Adverse
Reactions

During antibody infusion, none of the patients
showed any side effects. Vital signs remained stableupbackwards,

was also recorded. Typical planar images had
1,000,000â€”2,900,000 counts at 4 hr and 500,000â€”900,000
counts at 96 hr. Scans were interpreted by two nuclear medi
cine physicians unaware of the results of the patients' priorto

48 hr after injection in all patients. In 2 of the 31
patients studied, a transient skin rash was observed 30
hr after injection of the antibody. The rash was limited
to the legs and the lower abdomen anddisappearedevaluations.

Imageswereinterpretedaspositivewhenevalu after 48 hr. The occurrence of this rash could notbeation
ofall the images recorded over time consistently showedexplained in any other way than by theadministrationareas
oflocalized increased uptake, not corresponding to sitesof the radiopharmaceutical. No other immediate-orwith
knownphysiologicuptake(bone,liver, spleen,kidney,delayed-type adverse reactions were observed.Withinbladder

and bowel). Bowel uptake was discriminated from
tumor uptake by evaluation of the pattern of increased local
ized activity over time.

SPECTstudieswereperformed at 24, 48, and 72 hr post

the first 3 wk after injection of the antibody, no major
alterations were observed in biochemical and hemato
logic serumprofiles.injection

(p.i.). The same peak-energy and window settings
were used as for planar imaging. Sixty-four frames were re
corded through 360' with recording time of 45 sec per frame.
Typical frames at 24 hr had 200,000â€”320,000counts and
100.000â€”I70,000 counts at 72 hr. Digital acquisition was
recorded on a Microdelta Computer system (Siemens, Hoff
man Estates,IL). For each recording, 6.3-mm thick transverse,
coronal, and sagittal sections were reconstructed using a RampImaging

Results
Visualization of the blood pool was greatest in the

first few hours after MAb injection. In some patients,
it was still visible at 24 hr but never on the 48-hr images
(Fig. 1). Liver and spleen uptake remained high in all
subsequent scintiscans. Some kidney uptake was usu
ally seen at 4 hr, increased up to 24 hr, but wasmarkedlyfilter

and a cut-off frequencyof 0.4 Nyquist. SPECTimagesdiminished at 96 hr after injection. Bone(marrow)were
interpreted as positive when areas of increased uptakeuptake resulted in visualization of pelvis, vertebrae,
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negative for OV-TL 3. The increased level of activity
uptake in this colon tumor was confirmed when images
were made of the resected specimen. Five patients had
a negative scintigraph. All of these patients were oper
ated and four ofthese proved to be true negatives (three
benign tumors, one negative second-look laparotomy).
Only one patient had a false-negative scintigraph. In
this patient, a large ovarian cyst with a microscopic
focus of borderline malignancy was detected at opera
tion.

In the 22 surgically treated patients, there was good
agreement between IS and histologic findings as to the
presence of ovarian cancer (Table 2). In the group of
patients with positive histology, only one patient was
negative at scintigraphy, whereas in the group with
negative histology only one patient (the patient with
colon carcinoma) was positive at scintigraphy. Highest
sensitivity for the detection of ovarian cancer positive
patients was obtained with IS (94%). The sensitivity for
the detection of ovarian cancer with CT, US, and CA
125 serum level was 82%, 73%, and 88%, respectively.
There was a clear difference in specificity, 20% for CT
and US and 80% for IS as well as for the CA 125 serum
level.

For the 22 surgically treated patients, a total number
of 45 distinct tumor localizations could be evaluated,

48

A

FIGURE 1
Anterior planarpelvic images4, 24, and 48 hr p.i. of a 72-yr
old patient suspected for ovarian cancer with a palpable tumor
in the right pelvis. Up to 24 hr p.i., the blood pool is clearly
visible. Arrows on the 24-hr image indicate bowel uptake.
From 24 hr onwards, localized uptake in the right pelvis is
seen (arrow 48-hr image).At operationa large ovariancarci
nomawas found in the right pelvis.

femurs, ribs, and other bones when scanswere per
formed outside the trunk. The bone structures were
helpful as orientation marks in identifying sites with
increased uptake (Fig. 1). Visually, bone (marrow) up
take remained at a constant level in all images.

From 24 hr after injection,accumulationof the
radionuclide in the large bowel was often seen (Fig. 1).
One patient with bowel obstruction showed a string of
increased uptake in the bile duct region 1 hr after
decompression of the abdomen by paracentesis of 6-
liter ascites (Fig. 2).

Patients with ascites showed scintigraphs with relative
photopenic areas gradually filling in throughout the
study (Fig. 2). This increasing activity could only be
identified by planar imaging. SPECT did not show any
sign of ascites.

In all patients, CT scan results were compared with
immunoscintigraphic results. In addition, comparison
between IS, CT scanning, US, and operative findings
was possible in 22 patients (see Table 3). Of all 31
patients prospectively studied, 26 had positive images
at scintigraphy. Sixteen of these 26 were proven to be
correctly positive at operation. Another 9 of these 26
IS-positive patients had clinical or radiologic signs of
tumor presence. The only patient with a false-positive
scintigraph was found to have a colon carcinoma at
operation. This tumor was immunohistochemically

4 24

48

24

FIGURE 2
Accumulationof activity over time in ascites in a patient with
ovariancancer.Localizeduptake, indicatingmetastaticovar
ian cancer, was seen from 4 hr onwards (small arrows). The
photopenicarea next to the tumor deposit shows a relative
increase of activity over time. One hour after paracentesis of
ascites (48 hr p.i.), causing a marked decompression of the
abdomen, a string of localized uptake (probably of biliary
origin) could be seen in the upper abdomen (arrow 48-hr
image).

â€˜-@-

â€¢4@
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PatientsISCTUSCA125Pos.Neg.Pos.

Neg.Pos.Neg.Pos.Neg.Positive

1611 4 31 141 52

TABLE3Localization
and Detection of Tumor-Positive Sites in22Surgically
Evaluated Patients Suspected ofOvarianCarcinoma

(Excluding Liver and Lymph NodeMetastasisand
Peritoneal Carcinosis)

IS
No. oftumorCTsites

TPFP TP FP

TABLE 2
Detection of Ovarian Cancer Positive and Negative
Patients with 1111n-OV-TL3 F(ab')2 in 22 Operated

because of the lack of a histologic gold standard. Of 45
tumor-positive sites, only 23% could be detected by
US. CT was able to detect 53%, whereas IS detected
and localized 67% of the tumor-positive sites.

________________________ Twopatientsdemonstratedaccumulationoftracer
in the uterus, already clearly visible at 4 hr p.i. This
increased uptake was confirmed when images were
made of the resected specimen.

4 1 4 1 1 4 Because ofthe very high radioactivity of normal liver
tissue, small liver metastases were never visualized.
However, larger metastases were visualized as cold de
fects in the normal liver. When CT was used as a
reference, only two out of nine cases ofliver metastases
were visualized as cold defects with IS.

Most of the patients with advanced ovarian cancer
had tumor spread to the omentum. These omental
metastases could clearly be localized by SPECT imaging
(Fig. 3), whereas neither CT nor US could conclusively
identify thesetumor deposits.With respectto these
omental tumor deposits, SPECT clearly proved to be
superior over planar imaging.

In eight patients, lymph nodes were found to be
enlarged at surgery. Most of these nodes were not
removed; thus, in most of these possible lesions a his
tologic gold standard was lacking. Only two out of these
eight possible lesions were detected with IS (see Fig. 4),
whereas CT scans detected four enlarged nodes.

_________ ________ Using a cut-offlevel of35 U/ml, 25 out of3 1 patients

showed positive CA 125 serum levels prior to injection
(Table 1). Overall there was a good correlation between
histology, IS results, and CA 125 serum level (Table 2).
However, one patient with a positive CA 125 level had
true-negative IS results and one patient with a negative

0 CA 125 serum level had true-positive IS results.

Hist.
Negative

Sensitivity 94% 82% 73% 88%
Specificity 80% 20% 20% 80%

Cut-offvalueforCA125:35U/mI.
IS= immunoscintigraphy;CT = computedtomography;US=

ultrasound and Hist = histopathologicalexamination.

1 4

which proved to be positive for ovarian carcinoma at
histology (Table 3). Peritoneal carcinosis (seven pa
tients) was left out of this analysis. Furthermore, liver
and lymph node metastases were evaluated separately

US

TP FP

1 0
1 0
0 0

Patient
no.

2
4
6
7
8
9

10
12
14
15
17
19
23
24
25
26
27
28
29
30
31

1 1 0 1 0
4 3 0 2 0
0 0 0 0 0
2 2 0 2 0
1 1 0 1 0
3 2 0 3 0
4 3 0 2 1
2 1 0 1 0
4 2 0 2 0
3 2 0 2 0
3 2 2 2 0
3 1 0 0 0
4 3 0 2 0
1â€¢ 0 0 0 0
4 2 0 2 0
0 0 0 0 2
3 2 1 0 1
1 1 1 0 0
2 2 0 2 0
ot 0 1 0 2
0 0 0 0 1
0 0 0 0 1

ND
0

ND
1 0
0 0
1 0
1 0
1 0
0 0
1 0
0 0
1 0
0 1
0 0
0 0
1 0
0 1
0 1
0 1

4

DISCUSSION

In this study, the safety and diagnostic accuracy of
IS using a new â€˜â€˜â€˜In-labeledMAb fragment OV-TL 3
F(ab')2 in ovarian cancer patients were evaluated. Ex
cept for a transient rash in two patients no other im
mediate or delayed adverse reactions were observed.
Overall, IS detected and localized 30 out of 45 distinct
tumor deposits in 22 surgically treated patients, which
was more than the number of sites detected with CT or
US (Table 3).

Compared with other MAbs used for IS in ovarian
cancer patients, OV-TL 3 was reported to be highly
selective for ovarian carcinoma cells with a sensitivity
of more than 90% (19,21,22,27). In contrast to other
antibodies, e.g., OC 125, the antigenic determinant
associated with OV-TL 3 is not detected in patients'
serum. Thus, the theoretical problem of preliminary
antibody loss by complex formation in the blood pool
cannot take place. However, in several studies using a
shed antigen interference of circulating antigens or an

Total 45 30/45 5 24/45 8 9/40
(67%) (53%) (23%)

. Borderline malignancy.
t Colon carcinoma.

IS= immunoscintigraphy;CT = computedtomography;US=
ultrasound;TP = true-positive; FP = false-positive; and ND = not
done.
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FIGURE 3
TransverseSPECTimage48 hr p.1.and
correspondingCT scan of the lower
abdomen in a patient with omental me
tastases of ovarian cancer. Increased
activity is seen in the pelvic bonesand
the tumorousomentum(arrows).

tibody-antigen complexes on the actual tumor detection
has not been persuasively demonstrated (28,29).

In this study, F(ab')2 fragments of the MAb were
chosen because, with respect to radioimaging, they
seemed to be a good compromise between the rapidly
cleared Fab' fragments and the slowly cleared whole
IgG(30).

The F(ab')2 fragments used were radiolabeled with
â€˜I â€˜In. Tumor imaging with MAbs is improved by using

â€˜â€˜â€˜In because ofits suitable physical characteristics (half

life and gamma energy) and its faster blood clearance
compared with â€˜3'I-labeled antibodies, resulting in
higher tumor-to-background image contrast (31,32).

Visual interpretation ofthe images was not hampered
by high activity in the vessels at 24 hr and later. Activity

measured in blood samples 24 and 48 hr postinjection
had decreased to â€˜@-5%and 2% ofthe injected dose per
liter, respectively. With â€˜â€˜â€˜Inused as a label, high activ
ity in liver, spleen, and kidneys was seen. Visually, the

high liver and spleen uptake remained stable during the
whole 5-day period of the study, whereas a visual de
crease in kidney uptake was observed. High liver and
spleen uptake compromises imaging of deposits within
or near these organs. Consequently, diaphragmatic tu
mor deposits were never detected with the radioimmu
noconjugate used in this study. In only two out of nine
patients, liver metastases were visualized with IS. These
metastases were seen as cold spots within the radioactive
liver tissue. However, according to our definition of
positive scintigraphic results, picking up cold lesions
should not be interpreted as MAb detection of tumor
deposits. One should not be surprised by this result
since the uptake ofthe radionuclide in tumorous tissue
on average is far below that in normal liver tissue. The
presence of cold defects may still provide some infor
mation as to the state of the disease in the liver.

A

Activity in ascites obscured localized intraabdominal
tumor sites. On the 4-hr images, ascites was seen as
photopenic areas (Fig. 2). The uptake in these areas was
markedlyprogressivefrom24 hr onwards,compromis
ing planar tumor detection in those areas. The problems
associated with ascitic uptake were not encountered
when SPECT images were interpreted.

Artifacts were produced by activity uptake in the
large bowel (feces) and bladder (urine). The major route
of elimination of activity was the urinary tract (flâ€”16%
injected dose in 96 hr). In many patients, bowel uptake
was seen 24 hr after injection (@-3%injected dose in
feces in 96 hr). The use of laxatives during the study
and voiding prior to each pelvic imaging were necessary
to reduce misleading false-positive results.

In one patient presenting with bowel obstruction, a
string of activity could clearly be seen in the bile duct
region after decompression by paracentesis of ascites
(Fig. 2). This observation indicates that part of the
bowel uptake may be the result of hepatobiliary trans
port of â€˜â€˜â€˜Ininto the intestines. The nonspecific bowel
uptake may account for some of the false-positive re
sultsthat occurredwith this radioimmunoconjugate
(Table 3).

When interpreting images with IS, one wants to
discriminate between tumor activity and aspecific lo
calization of activity. To identify aspecific localization
in vessels and bowel, one has to compare images re
corded over time. Vascular activity can easily be dis
criminated when 4-hr images are compared with later
images, while comparison of 24-hr and later images
helps to identify bowel uptake.

An important goal of this prospective study was to
test the value of IS in whether it can benefit a given
patient by providing information additional to CT and
US. With respect to the presence of ovarian cancer, the

FIGURE 4
Gammacameraimageandphotograph
of the resected specimenof a patient
with recurrent ovarian cancer, 7 days
postinjection. Localized uptake was
seenin the tumorouspartsof smalland
largebowel.Notethe increasedactivity
in an enlargedregionallymphnode(ar
rows).
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sensitivity of detection in this study was 94% (Table 2).
This is in the same range as obtained with several other
ovarian cancer-associated MAbs (1 1,34,35). The sensi
tivity for malignancy using CT, US, and CA 125 serum
level were all just slightly lower. However, the specific
ities of these four diagnostic tools in detecting patients
with ovarian cancer were clearly different. IS and CA
125 level had a specificity of 80%, whereas CT and US
only obtained 20% specificity. In comparison with the
useofthe CA 125serumassay,an importantadvantage
of scintigraphy with OV-TL 3 F(ab')2 is its ability to
show the localization and extent of deposits of ovarian
carcinoma.

Evaluation of the detection and localization of dis
tinct tumor-positive sites provides a better insight in
the potentials of this diagnostic tool for the detection
of residualor recurrenttumor. Peritonealcarcinosis,
liver, and lymph node metastasis were left out of this
evaluation. With â€˜â€˜â€˜In-labeledOV-TL 3 F(ab')2, 67%
of the tumor-positive sites could be detected and local
ized. This was in the same range as the detection and
localization rate obtained in both the retrospective and
prospective study of Chatal in ovarian cancer patients
using â€˜3'I-labeledOC 125 (35). With CT and US, only
53% and 23% of the tumor sites could be detected and
localized. Compared to CT, US did not provide addi
tional information in any of the patients. The localiza
tion and detection rate of tumor sites with CT was in
line with literature data ( 7,8). Ultrasound was per
formed as a routine non-standardized preoperative
screening. This may explain its very low detection rate
obtained in this study. The detection and localization
rate of 67% using IS, refers to the detection of primary
tumors, local recurrences and intraabdominal tumor
lesions larger than 1 cm in diameter. For liver (n = 9)
and lymph node metastases (n = 8), no pathologic proof
was available. If these possible deposits were also taken
into account, detection and localization rate would
decrease to 55% (34/62). Peritoneal carcinosis was
never detected by SPECT, whereas with planar scintig
raphy peritoneal carcinosis was only indicated by the
presence ofascites, which was the case in seven patients.
In contrast to MAb-guided IS, both US and CT lack
(malignant) tissue specificity and cannot distinguish
between malignant and benign tumor nor between
recurrent tumor and postoperative changes. This may
explain the relatively high number of false-positive re
sults with CT and US (Table 3).

In one patient with a large colon carcinoma, localized
uptake was seen in the tumor. In contrast to accumu
lation of tracer in ovarian cancer patients, localized
uptake was already seen 4 hr p.i, suggesting local hy
peraemia. At immunohistochemical evaluation, this tu
mor was found to be negative for the OV-TL 3 defined
antigenic determinant. Possible explanations for this
apparently aspecific uptake of â€˜â€˜â€˜Inin a nonovarian
tumor are:

1. The level of antigenic determinants for OV-TL 3
in this tumor is too low to be detected immuno
histochemically.

2. Enhanced vascular permeability, leading to accu
mulation of these radiolabeled macromolecules,
as observed in inflammatory processesafter injec
tion with â€˜â€˜â€˜In-labeledpolyclonal IgG (36).

3. A tissue environment within this tumor, with an
elevated phagocytic activity, resembling the RES
system, of which high nonspecific uptake of â€˜â€˜â€˜In
is already known.

These mechanisms may also provide additional ex
planation for the aspecific accumulation of â€˜â€˜â€˜Inin the
uterus (two patients), which was also seen by Hunter et
al. using â€˜â€˜â€˜In-labeledOC 125 (16).

Within the analysis of ovarian cancer positive or
negative patients, there was only one false-negative
result. In this patient, a large ovarian cyst with a micro
scopic focus of borderline malignancy was found at
operation. If this patient was left out of the evaluation,
sensitivity for the detection of ovarian cancer positive
patients within this study would raise from 94% to
100%.

The smallest tumor deposit detected with IS was a
metastasis in the bladder wall with a diameter of 1.5
cm. This metastasis could not be conclusively detected
with CT, nor did the CA 125 serum level indicate
tumor. To detect this metastasis with IS, the bladder
had to be rinsed and refilled with saline (Fig. 5). With
hemicystectomy all malignant tissue could be removed,
thus indicating the clinical importance of IS in this
patient.

In planar imaging of pelvic localizations of ovarian
carcinoma, posterior pelvic and sitting images were the
most informative. However, in pelvic and abdominal
IS with â€˜â€˜â€˜In-labeledOV-TL 3 F(ab')2 SPECT is an

a
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FIGURE 5
Localizeduptake in a metastasisof an ovariancarcinomain
the bladderwall. Anteriorpelvic imagesat 96 hr p.i. In the left
image(a), it is impossibleto discriminateurinaryactivity from
tumoruptake.Afterrecordingthisimage,theurinarybladder
was rinsed and refilled with saline. A subsequent image (b)
showedlocalizeduptake in the upper bladderwall. The pres
enceof a metastasisof anovariancarcinomain the roofof
the bladderwas confirmedby pathologicexamination.

b
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essential procedure. Omental and subcutaneous metas
tasis as well as tumor deposits in the lower pelvic region
could only be correctly localized with SPECT.

In this study, all patients were injected with 1 mg of
OV-TL 3 F(ab')2. Recent publications indicate that
even better results may be obtained with higher doses
ofantibody (37).

Intraperitoneal injection of the antibody may en
hance tumor uptake in intraabdominal tumor lesions
(38). The i.p. route would additionally provide the
opportunity ofclearing the abdominal cavity of disturb
ing ascites. Furthermore, it may also decrease the dis
turbing uptake in liver and spleen, allowing visualiza
tion oftumor in the upper abdominal region. However,
multiple i.p. adhesions and retroperitoneal tumor de
posits, both often seen in patients with recurrent ovar
ian carcinoma, make the i.p. route less favorable.

Immunoscintigraphy using â€˜â€˜â€˜In-labeledOV-TL 3
F(ab')2 proved a useful tool in the detection of primary
and locally recurrent ovarian cancer. Optimal interpre
tation of IS was achieved when subsequent images,
recorded over time, were compared with each other.
Overall best images were obtained 48 hr p.i. Immuno
scintigraphy provided additional information in pa
tients with false-positive as well as false-negative CA
125 serum levels. Furthermore, IS detected more tumor

deposits than CT scanning in 6 out of 22 operated
patients. Besides the gain in the number of detected
tumor deposits, IS, using tumor-associated MAbs as a
vehicle, provides more specific information with regard
to the nature of the detected lesions. This important
advantage may simplify the therapeutic management
of ovarian cancer patients.
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