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ABSTRACT

We have studied the activity of recombinant human â€¢y-interferonand

recombinant human tumor necrosis factor a against four human ovarian
cancer i.p. xenografts OS, LA, HN, and DO derived from primary tumor
material. In the OS xenograft all control mice died by 42 days and
therapy starting 7 days after tumor cell injection with ? x III4 units
recombinant human â€¢y-interferonor 1 UK recombinant human tumor

necrosis factor a alone had no significant effect on cumulative survival in
three separate experiments. However, a combination of the two agents
resulted in 85% cumulative survival at 150 days. This combination
therapy also significantly increased survival of mice treated as late as 21
days after tumor cell injection. In the LA xenograft (where control mice
were all dead by 23 days) therapy with either agent alone, or a combi
nation, more than doubled survival time of mice. In the HN xenograft all
control mice were dead at 22 days whereas either therapy alone or in
combination gave +85% cumulative survival at 100 days. In a fourth
xenograft, DO, survival of mice in the combination therapy group was
significantly increased. Thus these two biological therapies, alone or in
combination, show significant activity against human ovarian cancer cells.

INTRODUCTION

Ovarian cancer is the third commonest cause of cancer death
in women in the Western world (1). Despite the introduction
of new chemotherapeutic agents into treatment protocols there
has been no overall improvement in long-term survival, al
though a high rate of temporary remission can be achieved (2).
An alternative therapeutic approach to ovarian carcinoma is
the use of biological response modifiers such as the IFNs2 and
TNFs. Â«-Interferon, administered systemically to heavily pre-
treated ovarian cancer patients, gave response rates of up to
30% in Phase II clinical trials (3-5). However, no long-term

complete responses were reported.
More encouraging results were achieved when IFN-a was

given i.p. (6). Ovarian cancer is ideally suited for local therapy
since over 75% of patients will have disease limited to the
peritoneal cavity at presentation (7). Moreover, since IFNs and
other cytokines are usually produced locally it is probable that
they will act best when administered close to the tumor site.

We have recently developed i.p. xenografts of human ovarian
carcinoma in nude mice. These xenografts are derived from
primary tumor material and closely mimic the clinical behavior
of the human disease, growing as ascites and/or solid tumor in
the peritoneum (8). They retain morphological similarity to the
parent tumor and have an identical phenotype for the expres
sion of tumor associated antigens (9).

Using these models we have studied the potential of i.p.
therapy with recombinant human TNF-Â«, rHuTNF-a, and re
combinant human IFN-7, rHuIFN-7, and their combination.
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This combination of cytokines has been shown to have syner-
gistic antiproliferative activity in vitro (10).

MATERIALS AND METHODS

Mice. Six- to 8-week-old specific pathogen free female nu/nu nude
mice of mixed genetic background were maintained as described (9).

Xenografts. Ovarian cancer xenografts (i.p.) from primary human
tumors were established and passaged as described (8). The details of
the patients from whom the xenografts were derived are shown in Table
1.

Experimental Procedure. Mice were given injections of 0.1 ml tumor
cell suspension i.p. At the appropriate time, therapy was initiated by
i.p. injection of 0.1 ml HuIFN-7, rHuTNF, or control diluent. Mice
were observed daily for signs of ascites and solid tumor and were killed
by cervical dislocation when they were moribund with severe wasting
and pronounced abdominal swelling. Experience showed that at this
point mice would not survive longer than 24 h. No spontaneous
regressions or cures were seen in more than 200 untreated or control
mice that developed ascites or i.p. or s.c. tumors with the 4 different
xenograft lines. Therapy was given daily and stopped 6 weeks after
tumor cell injection.

Reagents, rl lull N -, (Immuneron) was kindly supplied by Biogen S.
A., Geneva, Switzerland. The specific activity was 2 x IO7 units/mg

and it was more than 99% pure. The endotoxin concentration was less
than 0.8 ng/mg. The rl lui I N -, was calibrated against its international
reference standard as described (9). rHuTNF-a made in the Molecular
Biology Laboratory, University of Ghent, was more than 99% pure and
contained endotoxin at less than 40 ng/mg. The specific activity was
2.5 x IO7units/mg. Both biologicals were diluted in phosphate-buffered

saline plus 3 mg/ml bovine serum albumin (Sigma, Dorset. United
Kingdom) and stored in single dose aliquots at â€”70Â°Cuntil required.

RESULTS

The first series of experiments were carried out with the OS
xenograft which grew as ascites in the nude mice.

Effect of Therapy with rHuTNF-a and rHuIFN-7 on OS
Ascites. Doses ranging from I x 104-5 x IO4units/mouse/day
of rHuIFN-7 or 1-10 ^g/mouse/day rHuTNF-a prevented the
development of ascitic disease when i.p. therapy was started the
day after tumor cell injection (Fig. 1). If therapy was delayed
for 7 days then only the highest doses of rHuTNF-a showed
any protection, and rHuIFN-7 was ineffective at all doses (data
not shown).

However, if 5 x IO4 units rHuIFN-7 and 1 ^g rHuTNF-a

were given as combination therapy starting 7 days after tumor
cell injection then a marked survival advantage was seen. Fig.
2 shows combined data from 3 separate experiments with each
treatment group containing at least 20 mice. Control mice were
all dead by 42 days, and only 15% of rHuIFN-7 treated and
5% of rHuTNF-a treated mice survived after this time (P =
0.045 and 0.85, respectively). However, the cumulative per
centage of survival at 150 days of mice treated i.p. with the
combination therapy was 85%, P = 0.0000001. At this time
mice receiving the combination therapy had no signs of ascitic
disease or i.p. tumors although some had developed small s.c.
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Table 1 Details of the four ovarian cancer xenografts used in this study

Patient Â¡den- Age Source of Growth in Used between
tifÃcation (yr) Stage Histopathology xenograft nude mousepassagesLA

72 IV Poorly differentiated mucinous Ascites I.p. tumor and 7 and 12
cystadenocarcinoma ascites

OS 51 III Moderately differentiated serous Ascites Ascites 4 and 12
cystadenocarcinoma

111 23 III Moderately differentiated serous Tumor I.p. tumor and 3 and 4
cystadenocarcinoma ascites

DO 63 III Well-differentiated serous cystad- Tumor I.p. tumor 7 and 8
enocarcinoma andascites10080
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tumors at the site where the tumor cells had been injected into
the peritoneum.

The combination of 1 ng rHuTNF-a and 5 x 10" units
rHuIFN-Â« was also effective when given to mice at later times
after tumor cell injection. As shown in Fig. 3 a proportion of
the mice was protected from ascitic disease as late as 21 days
after tumor cell injection, a time when some mice were begin
ning to develop swollen abdomens. The doses of rHuTNF-a
and HuIFN-7 could be varied up to 10-fold in the combination
without losing all therapeutic efficacy (data not shown).

Studies with Other i.p. Xenografts. We next studied the 3
xenografts LA, HU, and DO that form solid tumor and ascites
in the nude mice. As shown in Fig. 4, therapy of LA starting 7
days after tumor cell injection with rHuIFN-7 resulted in a

20 40 60 80

DAYS AFTER TUMOR CELL INJECTION

Fig. 3. Combination therapy of OS xenograft starting at different times after
tumor cell injection. , control; , rHuIFN-f, 5 x IO4units plus rHuTNF-

a l (ig daily i.p. All treated groups survived significantly longer than control
group, at P > 0.03. Therapy started at the times shown. Each treatment group
contained 8 mice. /',,. day 6, etc.

significantly increased survival time (8 of 8 control mice dead
by 24 days; all mice treated with rHuIFN-7 alive until 55 days;
7 of 8 dead by 63 days; P = 0.002). There was no difference in
survival between rHuTNF-a and the combination treatment
with 5 of 7 mice surviving in each group at 75 days (P =
0.0007). Fig. 5 shows a similar experiment with the HU xeno
graft which was also rapidly fatal to control mice (8 of 8 dead
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Fig. 4. Therapy of LA xenograft with rHuIFN-y. rHuTNF-a. or their com

bination. , control; , rHuIFN--y, 5 x IO4 units daily Â¡.p..P = 0.002;
. rHuTNF-o, 1 (jg daily i.p., P = 0.0007; -â€¢-.rHulFN-T, 5 x IO4units and

rHuTNF-n 1 ><gdaily i.p., P = 0.007. Therapy started 7 days after tumor cell
injection and continued for 5 weeks. Each treatment group contained 7 or 8 mice.
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Fig. 5. Therapy of HU xenograft with rHulFN-7, rHuTNF-Â«, and their

combination. , control; , rHu!FN--x, 5 x IO4units daily i.p.. P = 0.003;
, rHuTNF-Â«, I jig daily i.p.. P = 0.001; -â€¢-.rHulFN-f. 5 x IO4units plus

rHuTNF-it 1 pg daily i.p., P = 0.0007. Therapy started 7 days after tumor cell
injection and continued for 5 weeks. Each treatment group contained 7 or 8 mice.

of tumor and ascites by 23 days). In the treated groups 8 of 8
treated with rHuIFN-7 (P = 0.0007) and 7 of 8 mice from the
rHuTNF-Â« and combination groups, respectively, were alive at
100 days (/> = 0.003, 0.001).

We also obtained data in another xenograft. DO, that grew
more slowly in the nude mice and had a lower take rate. In a

typical experiment we compared control mice with a group
treated with the combination of rHuIFN-7 and rHuTNF-a.
Three of 8 control mice died of solid tumor and ascites 74 days
after tumor cell injection and the rest were surviving at 127
days. In the combination group 3 of 8 mice also died of their
xenografts but at later times (106, 110, and 127 days). The
other mice continue to survive.

DISCUSSION

In this paper we have shown that 4 human ovarian cancer
cell lines growing as xenografts in nude mice are very sensitive
to local therapy with rHuIFN-7, rHuTNF-a, or their combi
nation. Daily therapy resulted in a highly significant increase
in lifespan and, in some cases, cure. In one of the 4 xenograft
lines, OS, there was clear evidence of a positive interaction
between IFN--y and TNF-Â«.In another 2 xenograft lines one or

other of the reagents given singly was as effective as the com
bination. Further titration is required to see whether positive
interactions between IFN-7 and TNF-Â« occurred in these 2
lines.

We believe it is important that the therapy was administered
i.p. to treat i.p. disease. In previous experiments we have found
that i.p. single agent therapy with rHuIFN-7 or rHuTNF-Â« had
little activity on s.c. xenografts of bowel and breast cancer (9,
11, 12).3 We also found no therapeutic activity on s.c. tumors
of the LA xenograft when TNF or IFN-7 were given i.p.-'

Positive interactions between i.p. rHuTNF-Â« and rHuIFN-7
were seen in only one of 3 s.c. xenograft studied (13). Moreover,
in preliminary experiments, TNF administered i.v. did not
affect the growth of i.p. xenografts.

We are not certain of the mechanisms of the anticancer
activity seen in these studies. Extrapolating from our studies
with HuIFN-a and s.c. xenografts we would expect the rHuIFN-
7 to have direct effects on the human tumor cells and no
demonstrable effect on the nude mouse host (9). rHuTNF-a
however has activity in the mouse (14) and could influence host
interactions with the tumor. In preliminary histolÃ³gica! studies
we have seen changes in the peritoneal cell content during
therapy with the rHuTNF-a/rHuIFN-7 combination. After just
one injection the host cell population in the peritoneum changes
from immature cells of the monocyte and myeloid series with
some lymphocytes to mature polymorphonuclear neutrophils.
Moreover, tumor cell clumps found floating in the peritoneum
appear necrotic with a cuff of host neutrophils surrounding
them. We are currently investigating the role of the host neu
trophils in the antitumor activity. After 1 week of therapy the
host cell content in the peritoneum is identical in the control
and treated mice. After 3-4 weeks therapy a lymphocytosis was
seen in the peritoneums of treated mice but as yet we are not
certain of the surface phenotype of these cells, or the role they
may play in antitumor activity.

The therapy given here did not cause any obvious side effects
in the nude mice. There are several reasons for this: (a) the
rHuIFN-7 would not be expected to cross-react to any great
extent with mouse cells; (b) although rHuTNF-Â« can act on
murine cells it is less toxic in the whole animal (at least in
C7BL6 mice) than its murine counterpart (14); and (c) we were
giving low doses of each agent. The equivalent doses of each
agent in humans would be 100 pg rHuTNF-Â« and 5 x IO6units
rHuTNF-7 (15). Preliminary studies with recombinant murine
tumor necrosis factor Â«in these mice have not shown any

' F. Haiku ill. unpublished results.
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appreciable side effects, but combination studies with recom
binant murine 7-interferon are necessary and will shortly be
carried out.

Another form of biological therapy has recently been tested
in a similar model of human ovarian cancer using the
NIH:OVCAR-3 cell line. Ortaldo et al. (16) studied adoptive
cellular immunotherapy with i.p. administration of interleukin
2 plus interleukin 2 activated human large granular lympho
cytes or T-cells to nude mice bearing this line. They found
significant increases in survival time from 35 days in control
mice to 60 days when mice were treated once weekly starting
24 h after tumor cell injection. Our results with daily IFN and/
or TNF have shown an improvement on this increase in survival
time in 3 of 4 ovarian cancer xenografts studied.

In conclusion, we have found that low doses of 2 biological
therapies, rHuIFN-7 and rHuTNF-Â«, have considerable anti-
tumor activity against experimental human ovarian cancer in a
model which closely resembles the behavior of the human
disease. All 4 xenograft lines tested showed a response. We
believe that rHuTNF-Â« and rHuIFN-7 have potential for i.p.
therapy of human ovarian cancer and we are currently planning
phase III clinical trials to investigate this.
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