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The purpose of the present study was to investigate the therapeutic efficacy of 2!'At-labelled specific monoclonal antibody MOv18 in nude
mice with intraperitoneal growth of the human ovarian cancer cell line OVCAR3. In the first part of the study the antibody was injected
intraperitoneally when the cancer growth was microscopic. The injected activity was 485—555 kBq. The median survival for treated mice
was 213 days compared to 138 days for untreated mice (p < 0.014, log-rank test). No obvious toxicity was seen. Thirty-three percent of
the mice were apparently free of cancer after 7 months and were probably cured. In the second part of the study mice with macroscopic
cancer and signs of ascites were injected intraperitoneally with the same 2!!'At-labelled antibody (377-389 kBq). This treatment possibly
delayed the production of ascites. Hopefully radioimmunotherapy with regionally administered 2'!'At-labelled antibody will be of value

in women with ovarian cancer as well.
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At the time of diagnosis human ovarian cancer has spread
beyond the ovaries in about 75% of afflicted patients. In
most cases the dissemination is restricted to the peritoneal
surface (FIGO stage IIB and III) and is well suited for
local treatment. The clinical response rate with intravenous
combination chemotherapy is high but even when a patho-
logically complete remission is obtained up to 50% of the
patients will have a tumour relapse (1) due to undetected
microscopic cancer. There is thus a great need for consoli-
dating treatment after the systemic chemotherapy. In-
traperitoneal chemotherapy (2) and whole abdomen
irradiation (3) have been used with some success but with
considerable toxicity. Intraperitoneal administration of a
specific monoclonal antibody labelled with a radionuclide
is an attractive treatment as the antibody binds specifically
to the cancer cells and brings the isotope into close prox-
imity. However, as the capacity of the antibody to diffuse
into a tumour nodule is very restricted, this treatment is
probably only suitable for micrometastases. There are a
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few promising reports on clinical radioimmunotherapy of
minimal residual ovarian cancer with specific antibodies
labelled with the f-emitters 90Y or 1311 (4, 5). However,
o-emitters with a higher RBE and a much shorter range in
tissue are better suited for the treatment of micrometas-
tases (6). In a previous short-term study (7) we found that
when nude mice with intraperitoneally growing human
ovarian cancer were treated with intraperitoneal injection
of the specific antibody MOv18 labelled with >''At, a large
proportion of the animals became tumour-free. However,
the long-term survival, which both experimentally and
clinically is more important than the response rate, was
not studied.

Moreover, in the later stages of ovarian cancer resistent
to chemotherapy, ascites can be a difficult clinical prob-
lem, causing discomfort and distress to the patients and
necessitating repeated paracentesis. Intraperitoneally ad-
ministered chemotherapy can have a palliative effect (8)
but there are also reports of decreased ascites production
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with minimal toxicity after intraperitoneal administration
of *'I-labelled antibody (9, 10).

The objective of the present study was to estimate the
survival of female nude mice with microscopic intraperi-
toneally growing human ovarian cancer after intraperi-
toneal treatment with the antibody MOv18 labelled with
2HAt. Furthermore, we have investigated the effect of
2 At-labelled antibody on the ascites production in mice
with more advanced disease.

MATERIAL AND METHODS

Monoclonal antibodies

MOv18 is a murine monoclonal antibody first character-
ized by Miotti et al. It recognizes a membrane folate-bind-
ing glycoprotein of 38 kDa and reacts with about 90% of
human ovarian carcinomas (11-13).

Conjugate 2" At-labelling of antibodies

The labelling of m-MeATE was performed by modifica-
tion of the method earlier described (14). Briefly, 2''At,
20-30 MBq in chloroform, was added to a 1.3 ml reaction
vial and the solvent was evaporated to dryness under a
gentle stream of nitrogen. Astatine was resolved in 1.5 ul
of 0.05 M NaOH, 15-20 nmol of m-MeATE and 35 nmol
chloramine-T in dimethylformamide (DMF)/water/acetic
acid (HAc), 24:75:1 by volume, was added to final
volume of 12 pl. The reaction mixture was incubated for
15 min during gentle agitation at room temperature. The
labelling reaction was stopped by adding 70 nmol of
Na,S,0s. To the crude labelling mixture 100 pg of
MOvV18, 3-5 mg/ml, in 0.2 M carbonate buffer pH 8.5 was
added. The conjugation reactions were allowed to proceed
for 30 min during gentle agitation at room temperature.
The antibody fraction was finally isolated by passage over
a Sephadex G-25 pD-10 column (Pharmacia, Sweden).
Radiochemical purity of labelled antibody was determined
by trichloric acid, TCA, precipitation and FPLC analysis.

Immunoreactivity

In a previous study, the results of the immunoreactivity
test for labelled MOv18 varied considerably (15). Other
authors have also reported low and variable figure proba-
bly due to a high spontaneous release of the antigen
recognized by MOvI18 (16, 17). Therefore, we did not
attempt to determine the immunoreactivity in the survival
study. Later we used fixed cells grown in a folate-free
medium and the immunoreactive fraction of the labelled
antibodies in the second part of the study was 0.74 accord-
ing to Lindmo et al. (18).

Tumours and animals

Xenografts were established from the human ovarian can-
cer cell line NIH : OVCAR 3 (19) by injection of 1x 107
cells intraperitoneally in 6—8 week old female Balb/c nu/nu
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mice. Two weeks later there was microscopic peritoneal
tumour-growth but no ascites. Two months after the injec-
tion of cancer cells the disease was well established in
untreated mice with macroscopic tumour nodules and
ascites in at least 90% of the animals. However, the
tumour growth rate varied considerably between individ-
ual animals. At the beginning, the ascites was very viscous
and impossible to aspirate and measure. Later when the
abdomen was distended the ascites was more liquid and
bloody. Except when the cancer was very advanced, the
mice seemed to be thriving.

Biodistribution

The biodistribution of labelled MOv18 in nude mice with
subcutaneous tumours has been presented in a previous
study (15). There was a selective uptake in tumour tissue
with a tumour to blood ratio of 2.2 after 72 h. Likewise in
mice with macroscopic intraperitoneal tumour-growth an
uptake of around 5% ID/g in tumour tissue and a tumour
to blood ratio of 1.3 was seen 1 h and 3 h after intraperi-
toneal injection of labelled antibody (unpublished data).

STUDY DESIGN
Effect of ?!' At -labelled antibody on the survival

Thirty mice were inoculated intraperitoneally with 1x 107
OVCAR-3 cells. After 14 days 15 animals were randomly
selected and injected intraperitoneally with MOv18 la-
belled with 2''At (458—555 kBq) while 15 mice were un-
treated. The administered activity was measured with a
dose calibrator (Capintech, USA). The antibody (15 ng)
was given intraperitoneally in 1 ml normal saline. The mice
were sacrificed, when the general condition deteriorated or
the abdomen was distended. They were dissected and the
amount of tumour and ascites was estimated. Seven
months after the start of the study the remaining mice
were sacrificed. If they were macroscopically tumour-free,
multiple biopsies were taken from the peritoneum for
histopathologic examination. The survival time was esti-
mated with the Kaplan—Meier method. The log-rank test
was used for comparision between the groups.

Effect of ! At-labelled antibody on ascites production

Two groups composed of 20 animals were used. Seventy-
six days after the intraperitoneal inoculation of cancer cells
10 mice were randomly selected, weighed and injected
intraperitoneally with 13.8 pg 2!'At-labelled monoclonal
antibody (377-389 kBq). The mean weight was 25.3 g
(range 23.0-28.2). The other 10 mice with mean weight
25.5 g (range 21.0-30.0) were used as controls. There were
signs of ascites in eight animals in each group. The mice
were inspected and the weight was followed weekly and
the weight increase was compared between the two groups.
If the abdomen was distended and the general condition
deteriorated during the study period the mice were
sacrificed.
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RESULTS
Effect of ?!' At -labelled antibody on survival

Survival among the two groups is shown in the Fig. 1. The
untreated mice were sacrificed after 138 (median, range =
110-222) days. In 13 of them the abdomen was distended
by ascites and extensive intraperitoneal tumour. The re-
maining had multiple small tumours but no ascites. Of the
treated animals five (33%) were free of ascites and tumour
when they were sacrificed 7 months after the inoculation of
cancer cells. Microscopically no tumour was seen in the
biopsies and they were considered cured. One mouse had a
few intraperitoneal tumours with a size of up to 3 mm and
two had large tumours in the upper left quadrant of the
abdomen but no ascites at the same time-point. The re-
maining seven mice were sacrificed due to their cancer. All
of them had intraperitoneal tumour masses, five had
ascites and two had subcutaneous metastases with a maxi-
mal diameter of about 2 cm. The median survival time for
all treated animals was 213 (123-223) days. The difference
between the two groups was statistically significant (p =
0.014).

Effect of ! At-labelled antibody on ascites production

The weight of the animals was followed for 5 weeks after
the injection of 2!'At-labelled antibody and the weight
increase for each mouse was calculated. One mouse in each
group was sacrificed before the end of the study period due
to rapid increase of ascites, and for these individuals the
weight increase up to their death was calculated.

In astatine-treated mice the weight was rather stable for
the study period and increased only slightly except for one
mouse (see above). The weight increase was 1.4+ 1.0 g
(mean + SD, range 0.0-3.8 g). On the contrary, in un-
treated mice, the weight increase was greater and varied
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much more (4.1 +4.6 g; mean + SD, range —0.4-11.0 g),
although the difference was not statistically significant.
Increasing weight always corresponded to signs of an
increasing amount of ascites on examination.

DISCUSSION

In the present study we have investigated the survival of
nude mice with intraperitoneal growth of the human
ovarian cancer line NIH : OVCAR 3 after treatment with
the specific 2!'At-labelled monoclonal antibody MOv18
administrated intraperitoneally. The treatment was given
once 2 weeks after the inoculation of cells at which time
the tumour was still microscopic. The median survival was
213 days compared to 138 days for untreated mice. Five
(33%) of 15 mice were macro- and microscopic tumour-
free and probably cured of their cancer.

In a previous short-term study we reported good thera-
peutic efficacy of the *''At-labelled monoclonal antibody
MOv18 under the same experimental conditions with 9 of
10 mice tumour-free about 6 weeks after treatment (7).
When the unspecific antibody *''At-C242 was used or the
2HAt-MOv18 was injected intravenously the efficacy was
less pronounced. As expected the long-term effect was
comparatively worse and apparently it is difficult to eradi-
cate ovarian cancer both experimentally in mice and clini-
cally in women. There were no treatment-related deaths
and the administered activity can probably be increased
without undue toxicity. According to Larsen et al. (20) the
maximum tolerated dose of intraperitoneally injected
2l At-labelled antibody may be between 50 and 100 kBq/g
bodyweight, i.e. twice to four times the dose in the present
study. Repeated injection of the labelled antibody could
also have given a better result. However, this is problem-
atic clinically with the unmodified antibody due to a
human anti-mouse antibody (HAMA) response.
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Fig. 1. Survival of treated compared to untreated mice. Mice sacrificed after 7 months were censored.
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As far as we know there is no other report on the
treatment of intraperitoneal ovarian cancer with a specific
antibody labelled with 2''At in mice or in humans. How-
ever, Bloomer et al. (21) treated mice with intraperi-
toneally  growing
2HAt-tellurium colloid and compared it with radiocolloids
of 3P, Dy and *°Y. The radiocolloid was injected 24 h
after the inoculation of cells. An injected activity of 925
kBq 2"'At was curative. The -emitters were not curative
but prolonged the survival when large doses were given.
Larsen et al. (20) have studied the therapeutic effect of
2 At-labelled monodisperse polymer particles in a murine
intraperitoneal tumour model and compared it with la-
belled unspecific antibodies and free >''At. The survival
varied according to the injected activity and substance but
was for most groups better than for untreated animals. No
specific antibody was used in this experiment and the mice
were injected 30 h after the inoculation of tumour cells.
Utilizing another «-emitter, Horak et al. (22) injected
SK-OV-3 cells intraperitoneally and 3 days later the anti-
HER2/neu monoclonal antibody AE1 labelled with '?Pb.
The tumour-free survival was significantly prolonged com-
pared to no treatment or treatment with unlabelled
antibody.

In the previous three studies named above (20-22) the
interval between the inoculation of cells and the treatment
was short compared to the present study and many of the
tumour cells would be expected to still be free-floating.

Clinically Hird et al. (4) have treated 52 patients with
the °°Y-labelled monoclonal antibody HMFG-1 after con-
ventional surgery and chemotherapy. When the treatment
was given to 21 patients without evidence of disease at the
second-look laparotomy, the result was very promising
with only two deaths after a median follow-up of 35
months.

Likewise Crippa et al. (5, 23) have treated patients with
minimal residual ovarian cancer with encouraging results.
They have used the MOv18 antibody labelled with 1.

Even if it is difficult to study, the ascites production was
possibly delayed after intraperitoneal injection of !'At-la-
belled monoclonal antibody into nude mice with advanced
tumour. However, the individual variation — especially
between untreated mice was great, the number of animals
was small and there was no statistically significant differ-
ence between the groups. The same therapeutic effect has
been seen clinically with !*'I-labelled antibody given to
women with chemotherapy resistant ovarian cancer (9, 10,
24). The side effects in these studies were mild. Intraperi-
toneal chemotherapy with cis-platinum can control the
ascites production but the toxicity is considerable with
delayed nausea and vomiting (8, 25). Other forms of
medical treatment that have been tried with some success
in women include intraperitoneal radiocolloids (26), tu-
mour necrosis factor alpha (27) and interferon (28).

murine ovarian cancer  with
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In this report TCA precipitation together with FPLC
analysis have been used in determining the radiochemical
purity of the astatinated antibodies. It should be noted
that TCA precipitation is not a valid method for measur-
ing protein-associated 2'' At activity since non-bound *''At
will co-precipitate with the protein as recently reported by
Reist et al. (29). However, in this study there was no
difference between the two analytical methods, due to the
high protein-associated >''At activity.

In summary, the long-term survival of nude mice with
intraperitoneally growing human ovarian cancer was good
with some mice apparently demonstrating cure. It seems
feasible that this treatment could be given to women with
minimal residual disease after conventional therapy given
that there is no unacceptable toxicity and the efficacy is
similar. Furthermore, the 2!'At-labelled antibody can
probably be valuable for the palliative treatment of ascites
when the cancer is chemotherapy resistant.
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