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lWnty-flve patients, having either unilateral ovarian tumors of unknown etiology or
suspectedof havingovariancancerrecurrencewereInvestigatedbythe methodof
Immunoscintigraphy to rule out primary and/or metastatic tumor sites. Four-hundred
micrograms of the tumor-assocIated monoclonal mouse antibody HMFG-2,raised against
humanmilkfatglobulinmembranesandlabeledwith@ wereusedforeachpatientto
display the tumor sites by external scintigraphy@ The dose ranged between 0.5 and 2.2
mCi, the specific activity between I .25 and 5.5 mCi per mg of antIbody@Nineteen of the
patients underwentoperationsa fewdays after Immunoscintigrephy.The remainingsix
patientswereinvestigatedbytransmissioncomputedtomography(TCT)to establishthe
presenceorabsenceof tumorof the imaging.In22 of the 25 cases thescintigraphic
resultscorrelatedwiththesituationfoundatthesubsequentoperation,orbyTC1
respectiveIy@as wellas withthe histOlOgicaldiagnosisof the tumortype.Overall,there
were Just two false-negative and one false-positive scan report, the latter due to faulty
reading of the scintigrams. Sixteen out of 18 tumor sites in 25 patients could be revealed
byimmunoscIntigraphy@the smallestone beingI.5 cm indiam.infourof the patients
Immunoscintigraphy was the only noninvasive investigation method that could reveal the
malignant tumor sites prior to the operation.
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alignant ovarian tumors provide one of the most
frequent problems in gynecologic oncology. This is re
flectedby the factthatmorethan60%ofthe patientswith
epitheial cancer of the ovary are diagnosed with ad
vanced disease (1). Difficulties in the diagnosis, therapy
control,andfollow-upof ovariancancer,resultsin a very
poor prognosis for this disease. Since the first trials of
tissue detection by external scintigraphy using radiola
beledantibodies(2) there has been hope of early cancer
diagnosisby thisnoninvasiveapproach.Previousstudies
by different authors, mainly using polyclonal antibodies
labeled by iodine-131 (â€˜@â€˜I)demonstrated successfully the
imagingof differentcancers (3-8). The developmentof
the hybridomatechniquein 1975(9) allowsthe produc
tion of antibodieswith higherspecificityagainsta given
antigen. Monoclonal antibodies generated in this way
should lead to an improvement of specificity in immunos
cintigraphy of malignant lesions (10,11). The advantage
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of tumor-associated monoclonal antibodies over poly
clonal antisera has been suggested in some model systems
used in studying targeting of antibodies to human tumors
(12,13). In this report we present our recent clinical expe
riencewiththemethodof immunoscintigraphyusing 1231
labeled tumor-associated monoclonal antibodies in pa
tients with ovarian cancer.

PATIENTSANDMETHODS

1\wenty-five patients between ages 32 and 74 yr entered
our study after giving informed consent. Thirteen had a
known history of carcinoma and underwent surgery as
well as chemotherapy before their radioimmunoscinti
graphy (RIS). The other 12 patients were hospitalized
with suspicion of having uni- or bilateral ovarian tumors
of unknowntumortype. At the time of clinicalexamina
tion, malignancywasoftensuspected.Nineteenof the 25
patients studied underwent surgery a few days after the
imaging procedure. The reports of the six remaining pa
tients were compared with the findings of transmission
computed tomography (TCT).
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The suspicion of malignancy in the 12 patients with the
ovarian tumors of unknown etiology was given by the
patients' history, the clinical examination, serum tumor
marker determination, ultrasound, and sometimes TCT.

ANTIBODY

The mouse monoclonal antibody HMFG@2*,@
against a component of the human milk fat globule mem
branes (12) reacts strongly with the lactating breast as
well as with some other neoplasms of epithelial origin,
such as adenocarcinoma of the ovary (14). After produc
tion in bulk by culturing hybndomas, the immunoglobu
lins were purified from culture supernatant by affinity
chromatography using protein A coupled to Sepharose
CL.4B@. The culture supernatant was applied to the col
umn at pH 8.0 and the immunoglobulin separated from
fetal calf serum components by sequential elution with 0.1
citrate buffer of decreasing pH. The antibody was then
Millipore filtered into sterile ampules. Ten percent of the
samplesweretestedforpyrogenicity(Pyrogent-Test),ste
rility, and toxicity before iodination and administration to
the patients. More data about the HMFG-2 antibody are
given in detail elsewhere (15).

IODINATION AND QUALITY CONTROL OF
ANTIBODIES

Four-hundred micrograms of the purified and Milli
pore-filtered HMFG-2 antibody were labeled with 1231by
the lodogen-method, using 1,3,4,6-tetrachloro-3a, 6a-di
phenyl glycouril as iodogen (16). Before removing the
free 1231by a Sephadex-50column,the labelingeffi
ciencyâ€”always being 70%â€”was determined by paper
chromatography. The radioantibody solution thus pre
pared was then Millipore filtered again into sterile am
pules. The range of specific activity was between 1.25
and 5.5 mCi per mg of antibody. The reactivity of the
antibody preparation was tested before and after the iodi
nation in an ELISA with whole T47D-cells acting as tar
get cells. The antibodies were tested at sample concentra
tions of 10 sg/ml and dilutions up to 1/64 in
quadriplicate. The range of immunoreactivity was be
tween 70 and 95%.

APPLICATION AND IMAGING TECHMQUE

Before imaging, the patients were skin-tested for hyper
sensitivity against mouse immunoglobulins of the IgG1
subgroup by 10 @sgof the antibody to be used later. The
test wasjudged to be negative ifthere were no reactions of
the skin (reddening and swelling) up to 15 mm after appli
cation. Thyroid uptake of free and released 123Jwas
blocked by pOtassium iodine, 120 mg/day orally, starting
24 hr beforethe injectionand continuingfor 3 days. The
radiolabeled antibody was given intravenously in a dose

between 0.5 and 2.2 mCi dissolved in phosphate-buffered
saline (PBS) containing 1% human serum albumin
(HSA). To avoid false-positive findings due to an accumu
lation of radioactivity in the bladder, each patient received
a permanent catheter before imaging. Four points on the
patients' skin (navel, symphysis, ant. and sup. iliac
spines) were marked by cobalt-57 sources to achieve im
proved location of the detected lesions. After the i.v.
injection of the labeled antibody (400 jsg in 5 ml PBS
containing 1% HSA as a bolus injection), four static scm
tigrams were made at predetermined intervals (immediate
ly, 4, 8, and 24 hr after dose). The images were recorded
with a gamma cameras fitted with a high-resolution, low
energy collimator. The camera was linked to a computer.1
Anterior images were obtained from the abdomen, each
accumulating 300,000 counts to make them comparable.
The imaging time at 24 hr after application ofthe radioan
tibody ranged between 30 and 45 mm. The highest tumor
to-nontumor ratio was usually achieved between 8 and 12
hr afterantibodyapplication.No subtractiontechnique
was used to enhance image contrast. Scans from the side of
the patients were performed in doubtful cases, to improve
the localization of the detected lesions.

SCANINTERPRETATION

The appearance of isolated hot spots (indicating a cir
cumscript lesion) or diffuse activity accumulation (indica
ting widespread disease) within 24 hr after the i.v. appli
cation of the radioantibody were suggested to be a
malignant lesion if the activity deposits remained through
the end of the scanning procedure.

Imageinterpretationwasperformedwithoutthe knowl
edge of the other investigation results such as TCT, ultra
sound,clinicalinvestigation,serumtumormarker,etc. If
the patient underwent surgery, the scan reports were addi
tionallycomparedwiththe operationsitesas wellas with
the histology report of the removed surgical biopsies.

RESULTS

All 25 imaging series were judged satisfactory from the
technicalpointof view.Hypersensitive,allergic,orother
reactions were not seen in any of the patients, either with
skin testing before the i.v. dose of radioantibody or during
the imaging procedure. Eighteen test results were consid
ered positive; of these, 17 were true positives, with one
false-positive. Of seven negative test results, five were
true negatives, with two false-negatives. Seventeen of the
18 positive scintigrams correlated in detail with the fmd
ings at operation or by TCT. In each of these positive
scans, the tumor-to-nontumorcontrastwas so high, that
there was no need for any subtraction technique to en
hance the image contrast. The one false-positive report
(Case 12, Table 1) was due to faulty interpretation.
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Patient
no. Age Clin@aIdiagnosisCorrelation Histolog@a1diagnosis RIS OP CTStage

at
primary

diagnosis
(FIGO)

TABLEI
Survey of Twenty-fiveInvestigated Patients

1 58 Krukenberg tumor

2 68 Ovariancarcinoma

3 44 Ovariancarcinoma

4 64 Ovariancarcinoma

5 73 Ovariantumor

6 61 Ovariantumor
7 72 Sec. ovarian carcinoma, St.

p. breast carcinoma
8 69 Recurrenceof ovarian

carcinoma
9 50 Ovariantumor

10 62 Recurrence of ovarian
carcinoma

11 63 Recurrenceof ovarian
carcinoma

12 32 St.p. ovarianca.sec.lookop.
13 64 Ovariancarcinoma
14 53 St. p. ovarian carcinoma

15 69 Ovarian tumor

16 69 Ovariantumor
17 74 Ovarian tumor

18 46 Sec. ovarian carcinoma, at.
p. breast carcinoma

19 60 Ovarian tumor

20 71 St. p. granulosa cell tumor (op)
21 56 Recurrenceof ovarian

carcinoma
22 69 Ovarian tumor
23 72 Ovarian tumor

24 47 Ovarian tumor

25 53 Recurrenceof ovarian
carcinoma

Krukenbergtumorafterstomach
carcinoma
Undifferentiatedovarian
carcinoma
Lowdifferentiatedovarian
carcinoma
Undifferentiatedovarian
carcinoma
Colonic carcinoma
Coloniccarcinoma
Notumor

Adenocarcinomaofthe ovary

Brenner tumor
Cystadenocarcinoma of the
ovary

No tumor
Differentiatedovariancarcinoma
No tumor
Serouscystadeno-ca
Anaplasticovarian carcinoma
Ben.ovariantumoradenoma
No tumor

Mucinouscystadenocarcinoma
oftheovary
Granulosacelitumor

Cystadenocarcinoma of the
ovary (serous)
Adenocarcinomaof the ovary
Serouscystadenocarcinomaof
the ovary
Serous cystadenocarcinoma of
the ovary
Undifferentiatedovarian
carcinoma

pos Correct

P05 Correct

P05 Correct

pos â€” Correct

Correct
Correct

neg False

P05 Correct
pos Correct

pos â€” Correct

P05 False

@05 -

nag Correct
P05 Correct

P05 Correct
neg Correct
neg -

P05 Correct

neg (False)
P05 Correct

P05 Correct

P05 Correct

pos Correct

P05 â€” Correct

IV

III

Ill

pos
P05

neg Correct

Ill

Ill

Ill

lIb
Ill
Ill
lIb
Ill

Ia

III

III

IV

Ia

III

III

Correct

Correct

One of the two false-negative fmdings was due to a
small lesion (about 1.5 cm), attached to the pelvic wall,
which microscopy revealed to be a mixture of scar tissue
and some nests of malignant cells. It could not be deter
mined whether the lesion represented a residue of the
primary treatment (operation, irradiation, and chemother
spy) or recurrent disease. Direct binding tests ofthe histo
logical sections were not performed in this study.

1b@ble1 summarizes some of the patients' data and the
scintigraphic results, compared with the histological fmd
ings, the operation sites or the TCT report when an opera

tion was not done. Five out of the 25 patients (9, 15, 16,
19, 23) suffered from an unilateral ovarian cancer. The
contralateral healthy ovaries of these patients (confirmed
by histology) failed to show any accumulation of radioac
tivity in the immunoscans. In Patient 4, with a negative
image, no malignant tissue could be found at the follow
ing operation, which was carried out because of an ileus.
A benigntumorin Case 17.also failedto accumulate
antibody. The most interesting result was given by Case
20. As the HMFG-2 antibody is reported to be tumor
associated only for carcinomas (12), and it failed to detect
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15 1 â€” 1 â€” 1 â€” 1 â€”

16 1 + 1 â€” 1 â€” 1 â€”
17 0 â€” 0 â€” 1 â€” 1 â€”
19 1 â€” 1 â€” 1 â€” 1 â€”
20 1 + 0 â€” 1 -I. 1 â€” ?
21 1 â€” 1 â€” ? â€” ? â€” 0 â€”
22 1 + 1 .s. 1 - 1 -
23 1 â€” 1 â€” 1 â€” 1 â€”
24 1 + 1 + 1 â€” 1 â€” 1 â€”

*Indicatesnumberof malignanttumorsitesin columnsoperation,RIS,andCTandjust numberof tumorsiteswithoutjudgmentof
dignityincolumnsUSandClinex.

@lndicatessuggestionofdisseminatedmalignantdisease.

No.ofcasesn

= 16
n=2
n = 1Ov.

cancer
Colon-ca
Stomach-ca8/8

2/2
â€”Iâ€”6/8

â€”Iâ€”

ill14/16
2/2
1/188%

100%
100%n=1917/1990%

Total Percent

TABLE2
Correlation of Surgical Findings and Other Imaging Procedures as Well as Clinical Examination

Operation RIS CT US Olin.ex.
a' bt a b a b a b abPatient no.

11+1+?â€”0â€”022+2+2+1-+-?32â€”2â€”0â€”0â€”051â€”1â€”1â€”?â€”161â€”1181â€”0â€”?â€”0â€”191â€”1â€”1â€”1102+2+1â€”???120â€”1â€”0â€”0â€”0140â€”0â€”0â€”?â€”0
+

the malignant germ-cell tumor of this patient. The tumor
tissue by itself was not investigated concerning the abso
lute content of the HMFG-antigen.

Table 2 provides more details concerning the number
oftumor sites in the 19 surgical patients. Whereas the RIS
method and TCT permit a judgement of the tumor type,
ultrasound and vaginal palpation were used only to screen
for evidence of tumor sites without ajudgement regarding
malignancy, since the specificity of these methods is low.
In eight patients with recurrent malignant disease (1, 3, 8,
12, 14,20, 21, 24) all threeimagingmethodswereused.
Out of seven malignant lesions in these patients (con
firmed by histologic report on the surgical specimens)
five could be located and identified concerning their etiol
ogy by RIS, two by TCT and two were suggested by
ultrasound. The lesion size ranged between 0.5 to 12 cm
in diameter. The smallest malignant lesion we detected by
the RIS method had a diameter of about 1.5 cm.

Overall, 17 ofthe 19 malignant tumor sites found in the
19 surgical patients were detected and classified by RIS
(Table 3), yielding a sensitivity of 90% . The second col
umn of Table 3 provides information about the suggested
metastatic involvement of the abdominal cavity and the
situation at the operation. Multiple intraoperative biopsies

from different sites in the abdominal cavity were done in
just five of the 19 surgical patients. The histologic report
of the biopsies always confirmed the scan results.

Figures 1, 2, and 3 reflect typical scan results. Figure 1
(Case 14) shows a true-negative scan of a patient without
any microscopic or macroscopic malignant tumor sites. A
urinary catheter prevents the buildup of the bladder acti

yates, due to the free radioactive iodine excreted by the
kidney.In Fig. 2, (Case 3) two clearly visualized hot spots
in the region of the lesser pelvis. The subsequent opera
tion removed two malignant tumor masses from exactly
the indicated position. Figure 3 shows diffuse uptake in a
patient (Case 2) bearing an inoperable ovarian cancer.

The tumor-to-nontumor count density ratios obtained
from the 24-hr images ofthe patients with positive results
ranged between 1.44 and 2.81. For a nontumor region we
always chose an area in a part of the apparently tumor
free abdomen containing the same number of pixels as in
the malignant tumor site. The counts obtained in the sur
gical tumor specimens of 11 patients, recorded in a well
scintillationcounter, were 3.5 to nine-fold higher than that
in the respective adjacent healthy tissue (fat or muscle),
but there was no clear correlation with the count density
ratios. Because of the short half-life of 1231,we were not
able to measure radioactivity in all the surgically removed
specimens.

The average uptake of â€˜231-labeledHMFG-2 antibodies

TABLE3
ImaguigResultsAccordingtoTumorSites

Prim. Prim. Sec.
diagnosis@ site
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FIGURES1-4

Figure 1: Twa-negative abdominal scan accumulated to 300,000 counts, showing no activity-accumulation except unspe
cificuptake by liverand spleen and some excretion by stomach mucosa. Noticeabsence of any actMty in bladder region
(lower part ofscan). Figure 2: dominal scan accumulated to 300,000 counts showing two hot spots in region oftrue pelvis
according to specific antibody accumulation in Case 3. Figure 3: Scan shows diffusedistributionof activityover whole
peritoneal cavity in patient with inoperable ovarian carcinoma stage Ill (Case 2). Figure 4: Image reflects false-positive
scan of Case 12. Lower part of scan shows activity accumulation in left pelvis region. Details are given in text

in ovarian carcinomas was determined and published by
Epentetos et al. (14). The average value was@ 0.6% of
the injected amount. In our patients, 60% of the radioac
tivity was excreted by the kidneys into the bladder in the
first 24 hr and appeared there as free 1231.This was shown
by paper chromatography of the urine samples.

In only three of the 25 patients studied did our findings
and the surgical report or TCT fail to correlate. 1\vo out
of the 25 patients (7 and 18), who were not operated

upon, had negative findings in both RIS and TCT. The
value of the correlation in these two cases was slightly
reduced because of the low TCT sensitivity in the assess
ment of ovarian cancer (17).

In Case 12 the reason for the false-positive finding was
given by a moderate dysfunction of the left prevesical
ureter, which had to be mobilized during the primary
operation to remove an ovarian cancer stage ifi, and its
lymphatic nodes completely. One year after the radical
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operation and chemotherapy, the patient was immunoscin
tigraphed before the planned second look operation. On
the scan (Fig. 4), a moderate prevesical dilation ofthe left
ureter confirmed at the operation, mimicked specific ac
tivity accumulation due to a malignant lesion in the left
lower abdomen. Additionally, investigation of this patient
by single photon emission computed tomography
(SPECT) (8), as we are now doing, would have probably
helped to avoid the false interpretation of the planar scans
in this case.

The false-negative scan in Case 8 was suggested to be
due to the very tiny amount oftumor tissue. An additional
reason may be poor delivery of the antibody to the availa
ble binding sites because of reduced tumor blood supply
caused by embedding in scar tissue after the first opera
tion. This as well as a number of other factors like density
of binding sites, size, vascularity, or localization are im
portant properties of the tumor, that may influence the
imaging quality (18).

The false-negative results in Case 20 has to be judged
from a special point of view. On one hand this germ cell
tumor was a malignant lesion, but on the other hand it was
not a carcinoma. Therefore it was not unexpected that
there was no antibody-accumulation in this tumor.

DISCUSSION

The RIS method is described for various carcinomas,
both in human and in animal, by a number of authors (4-
7,19-22), the aim of our study was to confirm our initial
results (23) and to present its clinical value in the diag
nosis, therapy control and follow-up ofpatients with ovar
ian cancer. Information gained from patients with sus
pected current or recurrent ovarian cancer showed this
noninvasive method to be of considerable value. In this
disease, the percentage of tumor sites detected by other
methods can easily be increased by fmdings of RJS, al
though we do need further information about each of the
antibodies currently available. At the moment it seems
that RIS is more favorable in revealing recurrent disease
in patients with a known history of ovarian cancer than for
the initial diagnosis. Perhaps there is a future role in locat
ing the site of a supposed carcinoma after recognition of
elevated blood levels of tumor-associated antigens, such
as CA 12-5, by serum assays (24).

Although the aim of our study was to establish the
method of RIS with an â€˜231-labeledmonoclonal tumor
associated antibody (namely HMFG-2), and we therefore
scanned almost all patients with obvious carcinomas at
least in the very beginning of the study, it was surprising
to fmd four patients (Nos. 3, 10, 11, 12) of the 25 where
RIS could detect sites oflesions that were not found by the
other routine methods for diagnosis and follow-up of
ovarian cancer. In all four cases further therapy could be
initiated at an optimal time. In Cases 3, 10, and 21, a
second-look operation was performed, whereas Patient 11
underwent irradiation therapy.

In the past few years, most of the tumor-associated
antibodies have been produced by the hybridoma tech
mque (9). With this method it is possible to produce
monoclonal antibodies of higher specificity than the poly
clonals (11,25). This makes them favorable for immunos
cintigraphy and helps to avoid false-positive results due to
possible cross reactions. Another advantage of the mono
clonal HMFG-2 antibody is that there is very little shed
ding of the HMFG-antigen into the blood stream. There
fore, there are very few circulating radioactive
antibody-antigen complexes after the administration of the
radioantibody,thus improving tumor-to-background ratio.

In the beginning of in vivo-RIS â€˜@â€˜Iwas usually used as
radiolabel (3,19,26-28). The unfavorable energy-peak of
the gamma rays limited the quality ofthe performed scans
apart from the disadvantages of a long physical half-life
and the beta-emission. The introduction of other radio
tracers like 1231or â€˜â€˜â€˜In(29,30) in the method of RIS
promises to overcome some ofthe problems caused by the
use of 1311 The good experience of other authors
(14,31,32), the reduction of the radiation dose for the
patients as well as the high photon yield, and therefore
good imaging quality, encouraged the use of 1231in our
studies. Moreover, photons of this energy provide satis
factory tissue penetration, but with energy low enough to
be easily collimated. A slight disadvantage is given by the
short physical half-life of 13 hr in combination with the
high excretion of the iodine (â€”60% in 24 hr) through the
urine. Because of this the last scans were always per
formed not later than 24 hr after the i.v. application of the
radioantibody. Another major advantage of using 1231is
given by the possibility to perform SPECT investigations
(18) with good quality because of the high count rate.

Subtraction techniques are often used to reduce back
ground activity, which is caused by the presence of la
beled antibody and free radioactivity outside the target
tissue (33). The disadvantage of this method is the
possibility of false-positive scans because of artifacts.

Using a second, cold antibody, directed against the hot
one is another approach to lessen background activity and
improve the tumor detection rate (34). Both the use of
subtraction and second-antibody technique indicate that
circulating antigen may sometimes prevent successful tu
mor imaging by illS without the employment of addi
tional methods to improve the image contrast.

However, we are convinced that the use of an antibody
directed against an antigen, without remarkable blood 1ev
els like the HMFG-antigen, may contribute to a successful
tumor imaging. Moreover, when the region of interest is
the middle or lower abdomen, the low background advan
tage, together with the absence of major blood pools,
make image contrast adequate without the use of subtrac
tion methods to improve tumor-to-nontumor count density
ratios.

The bladder, where the free radioactive iodine is ex
creted by the kidneys, is often referred to as a problem
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16. MillerWT,SmithJFG: Protein iodinationusing iodogen.
Int J App! Radiat Isot 34:639â€”641, 1983
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18. Rankin EM, McVie JG: Radioimmunodetection of can
cer: Problems and potential. Br Med J 287:1402-1404,
1983

19. Mach JP, Carrel S, Forni M, et al: Thmor localization of
radiolabeled antibodies against CEA antigen in patients
withcarcinoma.N EngIJ Med 303:5-10,1980

20. DeLand FH, Goldenberg DM: In vivo radioimmunologi
cal lympho-scintigraphy in cancer. J Can Assoc Radio!
33:4â€”9,1982

21. Goldenberg DM, Kim EE, Bennet SJ, et al: CEA radioim
munodetection in the evaluation of colorectal cancer and
in the detection of occult neoplasms. Gastroentero!
84:524â€”532,1983
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1983
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1-123 labeled monoclonal antibodies. Cancer Detect Pre
vent6:625â€”631,1983
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cer.NEng!JMed3O9:883â€”887,1983
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localizationof diversecancersby externalphotoscanning.

region in RIS of the abdomen. It therefore seems impor
tant that an indwelling urinary catheter with a sodium
chloride lavage during the scanning time helps to avoid
any activity accumulation in the bladder, which is of ma
jor importance in patients with suspected ovarian carci
noma.

CONCLUSIONS

The clinical results of RIS in the management of ovar
ian cancer, as achieved by us to date, are much better than
we ever expected them to be. Although there are a num
ber of open questions, mainly concerning specificity and
sensitivity of the antibody used, RIS has already shown
remarkable practical value in the management of ovarian
cancer. Further investigations, using tumor-associated and
nonspecific antibodies simultaneously, are now being
planned, to improve the method's value and to enlarge our
knowlege about the in vivo behavior of the antibodies we
used. This, as well as the assessment of different routes of
administration (intravenous, subcutaneous, intraperito
neal) appropriate to the investigated areas, promises ma
jor progress in value for
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