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Summary. Whereas cytokine therapy has proven efficacy
in the treatment of metastatic renal cell carcinoma (RCC),
many questions regarding the use of these drugs remain
unanswered. In the present study we evaluated the
antiproliferative effects of human recombinant alpha-
interferon (IFN), gamma-interferon and tumor necrosis
factor-alpha (TNF) on eight human RCC xenografts. In
particular, the importance of the administration route,
dosage and tumor load was investigated. Response to the
cytokines differed widely amongst the different tumors.
Of three tested routes of administration (i.v., i.p. and s.c.
peritumoral), only the s.c. peritumoral route was effective
against tumor growth. After 6 weeks of therapy consisting
of 150 or 1,500 units IFN/g given s.c. peritumorally three
times a week or 30,000 units TNF/g given five times a
week, alpha-IFN treatment resulted in 2%-100% growth
inhibition; gamma-IFN, in 7%-80%; and TNEF, in 35%-
75% as compared with the untreated control. Growth of
five of eight tumor lines could be inhibited completely by
combinations of IFN and TNF, whereby the tumor
dimensions at the beginning of therapy were decisive for
the results. In some cases IFNs had optimal doses;
however, the antitumor effects of TNF were always dose-
dependent. Our studies indicate that the doses at which
the optimal direct effects of cytokines are measured are
critically dependent on the tumor treated. Although direct
effects are only one part of the mode of action of
cytokines, our results indicate that dosage of cytokines
may need individualisation.
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Renal cell carcinoma (RCC) is a relatively uncommon
malignancy that accounts for 1%-2% of all malignant
human tumors [8]. When the tumor is localized, radical
nephrectomy can accomplish an effective cure [25, 32].
However, approximately 30% of patients with RCC have
clinically manifest metastases at the time of diagnosis

[32], and the prognosis for metastatic RCC is poor. The 5-
year survival for patients with advanced RCC is <15%
and the mean survival is 1-2 years. Clearly, systemic
therapy is necessary in cases of advanced RCC. The
efficacy of chemotherapy, however, has proved to be
limited. Due to this lack of effective systemic treatments,
new methods have been pursued and various forms of
hormone therapy [27] or immunological treatment, given
alone or in combination with chemo- or radiotherapy [12,
45, 48], have been tested in clinical trials and in animal
model systems during the last few decades [11].

The immunological defense mechanism can be stimu-
lated by specific modulations of the immune system that
can be categorised into active, passive and adoptive
methods [17, 36]. The active method involves stimulation
of production of antibodies in patients as well as the
cellular immunity; the immune defence can be non-
specifically stimulated using, e.g., Bacillus Calmette-
Guérin (BCG) [39], Corynebacterium parvum [45] or
cytokines. The passive method consists of the injection of
antibodies into patients. By the adoptive method, immun-
ocytes are specifically stimulated in vitro and reintro-
duced into patients [1, 5, 14, 26, 46, 56]. Specific and non-
specific methods can also be combined and used simul-
taneously [52].

Interest in biological approaches to the treatment of
RCC has been fostered by the identification of unique
antigens on the surface of some RCC cells [55] and by
observations of spontaneous regression of tumor metas-
tases [19, 31]. The observations suggest that host factors
may be capable of modifying the course of RCC [34].
Although the mechanisms of biological response modifi-
ers (BRMs) are not yet well understood, the possibility
that cytokines such as interferons (IFNs) and tumor
necrosis factor (TNF) might augment a host immune
response against RCC has provided a rationale for early
clinical trials. Although the clinical responses vary con-
siderably (10%-50%) [9, 21, 23, 33, 35, 41, 47, 54], it is
evident that cytokine therapy is effective in approximately
15% of patients with metastasized RCC. The importance
of the dosage, administration route and tumor load at the
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beginning of therapy have not been extensively evaluated
in a preclinical setting. Such insight might lead to optimal
treatment regimens.

Transplantation of human RCC into athymic nude
mice provides an experimental model [24, 43] in which
therapeutic regimens using BRMs may be tested [3, 38,
44]. The T-cell-deficient nude mouse model system,
however, does not enable us to study the indirect T-cell-
mediated antitumor effects. Nevertheless, the direct ef-
fects of BRMs against tumor cells as well as macrophage
and NK-cell mobilization can be studied in this in vivo
model system [4, 10, 29].

Based on previous in vitro studies [6, 7], the present
study tested the effects of recombinant human IFN-alpha,
recombinant human IFN-gamma, recombinant human
TNF-alpha and their combinations on RCC xenografts
growing in nude mice. Different treatment protocols were
tested and the role of tumor volume at the start of therapy
was evaluated.

Materials and methods
Mice

We used 6-week-old male and female BALB/c nu/nu mice (Bomholt
Gard, Ry, Denmark) in these experiments. The animals were
adjusted to the experimental environment for 2 weeks prior to the
experiments. Groups of five male or female mice were kept in PAG
type 2 cages covered with an iso cap (Iffa Credo, France) to ensure
sterile conditions. Sterilised sawdust (Iffa Credo Broekman b.v., The
Netherlands) was used as bedding material inside the cages. The
mice were fed ad libitum with gamma-irradiated (0.9 mR) SRM-A
MM food (Hope Farms, Woerden, The Netherlands) and drinking
water was acidified with 0.7ml concentrated HCl/1. A day/night
rhythm of 12h light 12 h darkness and a temperature of 22°C were
maintained. Humidity in the experimental environment was unregu-
lated.

RCC xenografts

Eight different renal tumor xenografts were used in these studies.
NC-65 tumor [28] was kindly provided by Dr. J. C. Romijn from the
Department of Urology, Erasmus University (Rotterdam, The
Netherlands). Seven NU tumors (NU-1, -3, -5, -10, -12, -20 and -22)
were established from primary tumors by serial s.c. transplantation
(Beniers et al. submitted for publication). The stage of the primary
tumors varied between T2 and T4 in the different lines. For the in
vivo treatment protocols, we used the 3rd-10th transplant genera-
tions of the NU-10, -12, -20 and -22 lines and generations 20-30 of
the NC-65 and NU-1, -3 and -5 lines. Tumors were passaged at
intervals of 6 weeks for the NU-10, NU-12, NU-20 and NU-22 lines
and 4 weeks for the other lines.

Biological response modifiers

Human IFN-alpha, IFN-gamma and TNF-alpha, kindly supplied
by Boehringer Ingelheim (Alkmaar, The Netherlands), were pro-
duced in Escherichia coli by recombinant DNA technology. The
specific activity of IFN-alpha and gamma was 3.2X 10® and 2 X 10
units/mg protein, respectively. It was determined by measurement
inhibition of encephalomyocarditis (EMC) virus replication in A549
cells (human lung-myeloma cell line) with reference to the

National Institute of Health (NIH) leucocyte IFN-alpha standard
Go023-901-527 and the NIH IFN-gamma standard Gg23-901-530.
The purity of both IFNs was >98% as determined by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE),
and the amount of endotoxin was < 1 ng/mg protein for IFN-alpha
and <0.5ng/mg protein for IFN-gamma as based on the limulus
amoebocyte lysate assay. The specific activity of TNF-alpha as
determined in the presence of actinomycin D was 6 X 107 units/mg
protein (the L-929 cytotoxicity assay). The purity of TNF-alpha was
>99% as determined by SDS-PAGE and it contained <lng
endotoxin/mg protein as based on the limulus amoebocyte lysate
assay. The drugs were dissolved in the accessory solvent and diluted
with unsupplemented RPMI medium (Gibco, Paisley, UK). After
dilution, the drugs were stored in 1.2-ml aliquots at —80°C until
used.

In vivo drug testing

Each test group consisted of five mice; male and female animals were
used because experiments showed that growth characteristics in
control and treatment groups were the same for both sexes (data not
shown). Mice were implanted s.c. with 1- to 2-mm cubes of tumor in
the right flank. After careful removal of internal necrosis, pieces
were cut from s.c. growing tumors that were passaged every 4-6
weeks, depending on the tumor.

Treatment groups were randomized before the start of therapy,
and treatment began when tumors had grown to a volume of about
65mm?> (10-14 days after implantation) or at 24-48 h after implan-
tation of the tumor pieces. The animals were treated i.p., i.v. (tail
vein) or s.c. peritumorally three to five times a week for 6 weeks.
Each dose was given in a total volume of 200 pl. IFNs were injected
three times a week and TNF, three or five times a week. When
animals received both IFNs or IFN + TNF, this combination was
given in a single injection. Control mice were treated with unsupple-
mented RPMI medium three times a week. Treatment protocols and
doses for each BRM were determined from the results of preceding
experiments, and the starting dose was a combination of 5ng/g
alpha-IFN + 50 ng/g TNF, which produced complete inhibition of
colony formation in a soft agar colony-forming assay of the different
xenograft lines; the same result was obtained in previous in vitro
studies using these tumor lines [6, 7]. In determining this starting
dose, we presumed that 1 ml in the in vitro studies equalled 1 g body
weight in the animal model system.

Using a sliding caliper, we measured each tumor twice a week in
three dimensions: the maximal diameter (L), the diameter at right
angles to the length (W) and the thickness (H). The volume of the
tumors expressed as the tumor size index (TSI) was calculated by the
equation TSI=L X W X H/2. Each experiment was performed in
duplicate.

Statistical analyses

On day 40 of the experiments, TSI values were estimated for each
individual mouse by linear regression of the cube roots of all TSI
measurements obtained up to that time (Table 1). Since these results
showed strong non-normality, the (non-parametric) Kruskal-Wallis
test was applied to these values for statistical analysis. Differences
were considered to be significant at P <<0.05.

Additivity and synergism were defined as follows. A combination
treatment was considered to be additive if it produced results that
were significantly better than those obtained using each of the single
treatments. A combination treatment was considered to be synergis-
tic if its effect exceeded the products of the effects of the single
treatments — more precisely, if the product of the median of the
combination and control groups was less than the product of the best
results (i.e. minimal TSI) obtained in each of the single-treatment
groups.
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Fig. 1A, B. Effect of A alpha-IFN and B a combination of alpha-IFN
and TNF on s.c. growth of the NC-65 renal tumor. The BRMs were
given s.c. three times a week peritumorally. Treatment started 24 h
after s.c. implantation of 1- to 2-mm tumor cubes in the right flank. A
O—0, Growth control (treatment 1); 11, 0.5ng/g alpha-IFN
(P=0.01, treatment 2),; ®—®, 5ng/g alpha-IFN (P=0.30, treat-
ment 3); 0—9, 25 ng/g alpha-IFN (P =0.21, treatment 4); Kruskal-
Wallis: £<<0.06. B O—0, growth control (treatment 1); C—1],
0.5ng/g alpha-IFN, 50 ng/g TNF (P=0.01, treatment 2); ®—@
5ng/galpha-IFN, 50 ng/g TNF (P =0.06, treatment 3); ¢—0, 25 ng/
g alpha-IFN, 50 ng/g TNF (P = 1.00, treatment 4); Kruskal-Wallis:
P<0.01. For the sake of clarity, ranges are not indicated (minimal
and maximal values are shown in Table 1)

Results

For purposes of feasibility and efficacy, we used one RCC
xenograft to study the effects of alpha-IFN, gamma-IFN
and TNF on s.c. tumor growth in a wide range of single
and combination tests. The influence of the administrat-
ion route was also evaluated for this tumor. The NC-65
line was chosen because pilot studies had revealed that it
exhibits intermediate sensitivity towards the tested cyto-
kines.

Effect of IFN concentration on tumor growth inhibition

To determine the most effective concentrations of alpha-
and gamma-IFN, we performed a series of experiments in
which the IFN concentration was varied. We began s.c.
peritumoral treatment at 24-48 h after implantation of 1-
to 2-mm?® tumor pieces. NC-65 tumor-bearing animals
were treated with three different concentrations of IFN
given either alone or in combination with 50ng/g TNF
(i.e. 3,000 units TNF-alpha); the concentrations used were
25, 5 and 0.5ng/g for alpha-IFN and 400, 80 and 8ng/g
for gamma-IFN (i.e. 7,500, 1,500 and 150 units/g for both
IFNs).

Figure 1A, in which the effect of the alpha-IFN
concentration on s.c. growth of the NC-65 tumor is
depicted, shows that concentrations of 25 and 5ng/g had
no antitumor effect. However, a concentration of 0.5ng/g
exhibited a statistically significant antitumor effect as
compared with the growth control (P=0.01). A further
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decrease in the dose resulted in a poorer antitumor effect
(data not shown). When TNF was combined with alpha-
IFN and the dose of the latter was varied, comparable
bell-shaped dose-response curves resulted. Figure 2 illus-
trates the results of similar experiments performed using
gamma-IFN; as with alpha-IFN, bell-shaped dose-re-
sponse curves were found. Both 80-and 8-ng/g doses
resulted in statistically significant inhibition of tumor
growth (P =10.01), and the lower concentration resulted in
the best antitumor effect. Again, when gamma-IFN was
given in combination with TNF, the same optimal dose for
antitumor efficacy was evident.

Table 1. Median and range of the fitted TSI values calculated on day
40 for the different treatment groups shown in Fig. 1-4 as indicated

Figure Treatment Median Minimum Maximum
1A 1 2,040 1,660 2,560
2 1,190 860 1,390
3 1,590 0 2,450
4 1,670 0 2,140
1B 1 2,250 1,510 2,650
2 850 0 1,200
3 1,410 1,280 2,150
4 1,950 1,570 2,690
2A 1 2,040 1,660 2,560
2 750 0 1,200
3 1,630 0 1,980
4 1,700 1,530 2,260
2B 1 2,250 1,510 2,650
2 690 0 850
3 1,170 950 1,950
4 1,610 1,380 2,230
3 1 2,040 1,660 2,560
2 780 580 1,380
3 760 580 930
4 190 0 280
S 510 470 740
4 1 1,810 1,520 2,030
2 670 610 920
3 590 380 640
4 0 0 0
5 300 200 350
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Fig.2A, B. Effect of A gamma-IFN and B a combination of gamma-
IEN and TNF on s.c. growth of the NC-65 renal tumor. The BRMs
were given s.c. three times a week peritumorally. Treatment started
241 after s.c. implantation of 1- to 2-mm tumor cubes in the right
flank. A O—0O, Growth control (treatment1); C—11, 8ng/g
gamma-IFN (P=0.01, treatment2); ®—®, 80 ng/g gamma-IFN
(P =0.04, treatment 3); —0, 400 ng/g gamma-IFN (P =0.21, treat-
ment 4); Kruskal-Wallis: P <<0.01. B O—0, growth control (treat-
ment 1); O—107, 8 ng/g gamma-IFN, 50 ng/g TNF (P=0.01, treat-
ment2); @—®, 80ng/g gamma-IFN, 50ng/g TNF (2=0.02,
treatment 3); ¢—=0, 400 ng/g gamma-IFN, 50ng/g TNF (P=0.09,
treatment 4); Kruskal-Wallis: P<0.01. For the sake of clarity,
ranges are not indicated (minimal and maximal values are shown in
Table 1)
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Fig. 3. Effect of TNF concentration in combination with alpha- or
gamma-IFN on s.c. growth of the NC-65 renal tumor. The BRMs
were given s.c. three times a week peritumorally. Treatment started
24 h after s.c. implantation of 1- to 2-mm tumor cubes in the right
flank. O—O0, Growth control (treatment 1); »—, 0.5 ng/g alpha-
IFN, 50ng/g TNF (P=0.01, treatment 2); [, 8 ng/g gamma-
IFN, 50ng/g TNF (P=0.01, treatment 3); ®—@®, 0.5ng/g alpha-
IFN, 500 ng/g TNF (P=0.01, treatment 4); l—M, 8 ng/g gamma-
IFN, 500ng/g TNF (P=0.01, treatment5); Kruskal-Wallis:
P <0.001). For the sake of clarity, ranges are not indicated (minimal
and maximal values are shown in Table 1)

Ejffect of TNF concentration and dosage on
tumor growth inhibition

To determine the TNF concentration and dosage resulting
in the best antiproliferative effect, we varied these two
parameters. Figure 3 shows the results of an experiment in

which the antitumor effects of TNF (50 and 500 ng/g)
given in combination with optimal alpha- and gamma-
IFN doses of 0.5 and 8 ng/g, respectively, on the NC-65
tumor were examined. Both of the IFNs as well as TNF
were given s.c. three times a week peritumorally. Unlike
the typical bell-shaped dose-response curves obtained for
the IFNs, the antitumor effect of TNF was dose-depen-
dent (Fig. 3). TNF concentrations of 250 ng/g resulted in
intermediate tumor growth inhibition, and doses of 25 ng/
g produced lower tumor growth inhibition than did a
concentration of 50ng/g (data not shown).

Because no complete tumor growth inhibition could be
achieved with IFN/TNF combinations when both drugs
were given three times a week, we varied the TNF dosage.
Figure 4 shows an example of an experiment using the
NC-65 tumor in which the IFNs were injected three times
a week and TNF was given five times a week. Therapy was
started at 24-48 h after s.c. tumor implantation and the
first treatment always consisted of both BRMs given in a
single injection. Administration of TNF five times a week
resulted in antitumor effects that were significantly better
than those observed following three doses of this BRM a
week (Fig.4). The combination of 0.5ng/g alpha-IFN
given three times a week with 500 ng/g TNF injected five
times a week resulted in complete inhibition of tumor
development. The mice were kept alive for 8 months after
treatment, and no tumor growth could be detected by that
time.

Effect of the route of administration on growth inhibition by
alpha-IFN, gamma-IFN, TNF and their combinations

Experiments using the NC-65 tumor in which the IFNs
and TNF were injected i.p. or i.v. showed no significant
antitumor effects on the s.c. growing tumor; the latter
route of administration even resulted in a slight increase in
tumor growth.

Effects of alpha-IFN, gamma-IFN, TNF and their combina-
tions on s.c. tumor growth of eight different RCC xenografts

From the results obtained using the NC-65 tumor, we
chose ten treatment regimens; five single-agent therapies
and five combination regimens so as to evaluate their
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Table 2. Effects of alpha-IFN, gamma-IFN, TNF and their combinations on s.c. tumor growth of eight different RCC xenografts

Treatment NC-65 NU-1 NU-3 NU-5 NU-10 NU-12 NU-20 NU-22
growth growth growth growth growth growth growth growth
(%) %) (%) (%) (%) (%) (%) (%)
Control 100 100 100 100 100 100 100 100
alpha-IFN 0.5 74 98 64 98 63 28 76 31
alpha-IFN 5 96 51 75 39 63 0 69 17
gamma-IFN § 61 61 58 93 37 34 79 63
gamma-IFN 80 80 62 57 85 46 21 81 70
TNF 500 60 38 56 28 30 50 65 23
alpha-IFN 0.5/gamma-IFN 8§ 45 46 34 67 21 10 61 21
alpha-IFN 0.5/TNF 500 0 30 24 7 0 5 28 5
alpha-IFN 5/TNF 500 12 5 31 0 0 0 16 0
gamma-IFN 8/TNF 500 19 19 11 13 0 13 22 11
gamma-IFN 80/TNF 500 21 21 24 9 0 0 31 13

The IFNs were given three times a week and TNF, five times a week. Treatment started 24 h after implantation of 1- to 2-mm tumor cubes and
the BRMs were injected s.c. peritumorally. BRM concentrations are given in ng/g. Combinations were given in one single injection. P values for
the different tumors were 0.01 for all combination treatments except the alpha/gamma-IFN combination in the NU-5 tumor (P =0.14).

Kruskal-Wallis: P <0.0001 for each xenograft
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Fig. 4. Effect of the dosage of TNF, given in combination with fixed
alpha- and gamma-IFN doses on s.c. growth of the NC-65 renal
tumor. The IFNs were given three times a week and TNF, three or
five times a week. Treatment started 24 h after implantation of 1- to
2-mm cubes and the BRMs were injected s.c. peritumorally. 0—O,
Growth control (treatment 1); 11, 0.5 ng/g alpha-IFN, 500 ng/g
TNF (3X/week, treatment 2; P=0.01); ~—, 8 ng/g gamma-IFN,
500ng/g TNF (3X/week, treatment 3; P=0.01); @&—@®, 0.5ng/g
alpha-IFN, 500 ng/g TNF (5X/week, treatment 4; P=10.01); B—M,
8 ng/g gamma IFN, 500 ng/g TNF (5X/week, treatment 5; P = 0.01);
Kruskal-Wallis: P<0.0001. For the sake of clarity, ranges are not
indicated (minimal and maximal values are given in Table 1)

effects on a set of eight human RCC xenografts. All
experiments were performed as described in the previous
sections. The results a summarized in Table 2. The IFNs
were given three times a week and TNF, five times a week,
beginning at 24-48 h after tumor implantation.

The growth of the NU-1 line, a fast-growing tumor
(tumor-doubling time 4 days), could not be completely
inhibited by any of the combinations tested. The combi-
nation of 5ng/g alpha-IFN +500ng/g TNF resulted in
the strongest inhibition of tumor growth with 5% growth
being observed in this groups as compared with controls.
In contrast to experiments using the NC-65 tumor, in the
NU-line the higher concentration of alpha-IFN was more

active than the lower dose following both single-agent and
combination administration. However, following treat-
ment with gamma-IFN, no statistically significant differ-
ences in antitumor effects were observed between the 8-
and 80-ng/g treatment groups, whether this agent was
given alone or in combination with TNF.

The NU-3 line appeared to be one of the least sensitive
tumors, with the maximal antitumor effects of the combi-
nation of 8 ng/g gamma-IFN + 500 ng/g TNF being 11%
growth as compared with that in controls. This tumor was
most sensitive to gamma-IFN and, although no difference
in antitumor activity was observed between the 8- and
80ng/g treatment groups, the combination with TNF
resulted in differences in antitumor effects between to two
gamma-IFN doses, with the low concentration producing
the highest antitumor activity.

Development of the NU-5 tumor was completely
inhibited by a combination of 5ng/g alpha-IFN given
three times a week and 500 ng/g TNF injected five times a
week. The percentage of tumor growth was lower after
treatment with the higher doses of both alpha- and
gamma-IFN, whether given alone or in combination with
TNF, suggesting a different optimal IFN dose for this
tumor.

The NU-10 tumor was very sensitive to the IFN-TNF
combinations, all of which resulted in complete inhibition
of tumor development. No difference in antitumor effect
was found between the 0.5- and 5-ng/g alpha-IFN test
groups, although this tumor appeared to be more sensitive
to the gamma-IFN dose of 8ng/g than to the 80-ng/g
concentration.

An alpha-IFN dose as low as Snglg resulted in
complete inhibition of NU-12 tumor development. This
tumor appeared to be moderately sensitive to 500ng/g
TNF monotherapy, but combinations of 5ng/g alpha-
IFN (as expected due to the effect of monotherapy at this
dose) and 80 ng/g gamma-IFN with TNF both resulted in
complete inhibition of tumor development. As with the
NU-5 tumor, the highest of both alpha- and gamma-IFN
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combinations testes produced the best results with regard
to NU-12 tumor growth inhibition.

Like the NU-3 line, the NU-20 tumor was rather
insensitive to the cytokines. The optimal dose of alpha-
IFN should be >0.5ng/g because the higher dose,
whether given alone or in combination with TNEF, resulted
in reduced tumor growth as compared with the low dose
tested. Also, this tumor was more sensitive to the lower
gamma-IFN dose tested. Although no difference in sensi-
tivity was observed between the doses tested in monother-
apy experiments, the differences noted following combi-
nation therapy with TNF were quite pronounced.

Development of the NU-22 tumor was also more
strongly inhibited by s.c. peritumoral treatment with
5ng/g alpha-IFN than with a dose of 0.5ng/g. Treatment
of this tumor with the latter dose resulted in 31% growth
as compared with that observed in controls whereas
treatment with 5ng/g alpha-IFN resulted in only 17%
growth; thus, the optimal alpha-IFN dose does not lie
within the very low dose range. The combination of 5 ng/g
alpha-IFN and 500ng/g TNF produced complete inhi-
bition of tumor development. Gamma-IFN was less active
against this tumor, and no significant difference in
antiproliferative action was noted between the two doses,
whether tested alone or in combination with TNT.

Effect of tumor volume on growth inhibition
by combinations of alpha-IFN, gamma-IFN and TNF

To establish the effects of tumor volume on the efficacy of
the treatment, s.c. growing tumors showing TSI values of
between 50 and 500 were treated with their optimal IFN/
TNF combination doses. No growth-inhibitory effects
could be measured after treatment had begun in tumors
exhibiting a TSI of 500, and only reduced growth-
inhibitory effects were noted after treatment had been
started in tumors showing TSI values of between 50 and
100; the latter involved the NC-65, NU-1, NU-3, NU-10
and NU-12 tumors. Treatment of tumors with their
optimal combination doses (as indicated in Table?2)
resulted in a 5- to 10-fold reduction in growth inhibition
when the TSI values for the tumors was 50-70. Treatment
of tumors showing TSI values of 100 further reduced the
growth-inhibitory effects of the BRM combinations.
Moreover, in the NC-65 tumor, no antitumor effect was
evident when BRM therapy was started at TSI values of
100 (data not shown).

Discussion

Patients with renal cell carcinoma (RCC) usually present
clinically at a late stage of discase progression, i.c. 30%
have proven metastases at initial diagnosis. This pro-
portion increases further when one takes into account that
follow-up examinations of patients who have undergone
nephrectomy for clinically localized disease reveal a
number of subjects who apparently had micrometastases
at initial diagnosis. It is therefore evident that systemic
therapeutic regimens are necessary for the treatment of

RCC patients. Whereas renal tumors are refractory to
nearly all forms of chemotherapy, immunotherapy has
proved to be promising in the treatment of metastatic
RCC.

The use of cytokines such as IFNs and TNF was
evaluated in this study. Although clinical trials have
established that these BRMs can be effective in the
treatment of metastatic RCC, many questions remain
unanswered, one of which involves optimal dose, dosage
and route of administration for IFN and TNF. The
answers to this and to the question as to whether these
parameters have to be optimised for individual patients
clearly necessitate the use of animal model systems. We
used human RCC tumors transplanted into nude mice, in
which only the direct and the macrophage- and NK-cell-
mediated effects of these cytokines can be evaluated.

The results presented in this paper show that the
tumors exhibit different sensitivities to the various BRMs.
Depending on the tumor, s.c. development of five tumors
could be completely inhibited by different combinations
of both of the IFNs with TNF. The s.c. development of
only one tumor, the NU-12 lines could be completely
inhibited by alpha-IFN monotherapy. However, s.c.
growth of three of the tumors tested could not be inhibited
completely.

The highest concentration of alpha-IFN was usually
the most effective. In five tumors (NU-1, -5, -12, -20 and -
22), growth was inhibited more strongly by 5ng/g alpha-
IFN, whereas in two others (NC-65 and NU-3) the lower
concentration was the most effective. In the NU-10 tumor,
no difference in sensitivity was evident between the doses
tested. In contrast, gamma-IFN was usually more effec-
tive at the lower concentration tested (8 ng/g). The growth
of three tumors (NC-65, NU-10, NU-22) was more
strongly inhibited at the lower dose, whereas no signifi-
cant difference was found for three others (NU-1, NU-3
and NU-20). However, the NU-3 and NU-20 tumors
proved to be more sensitive to the lower gamma-IFN dose
when it was given in combination with TNF. In two
tumors (NU-5 and NU-12), the highest gamma-IFN dose
was the most effective, whether given alone or in combi-
nation with TNFE.

The data resulted in bell-shaped dose-response curves
for gamma-IFN in the dose range tested, and similar
effects were seen for alpha-IFN in a minority of cases. The

- antiproliferative effect of these drugs is clearly different, in

the eight xenograft lines tested the optimal doses deter-
mined under our experimental conditions varied 10-fold.
This indicates an optimal IFN dose for each individual
tumor, which implies that parameters must be evaluated
that can be used to optimise treatment regimens. Serum
beta,-microglobulin and neopterin could be such candi-
dates [2].

The finding that lower doses of alpha- and gamma-
IFN can be more effective could be advantageous for
clinical use, since high concentrations of IFNs can easily
lead to immunosuppression [16, 42, 53]. Combinations of
the lowest tested doses of both IFNs showed additive
effects on the NC-65 and NU-5, -10, -12 and -22 tumors.
Synergistic effects were never found following treatment
with a combination of both IFNs. The antitumor effects of



combinations of alpha- or gamma-IFN with TNF, how-
ever, usually proved to be either additive or synergistic
(data not shown).

The direct antiproliferative effect of TNF is dose-
dependent. The treatment schedule also affects the anti-
proliferative effects of TNF, as a protocol involving
treatment five times a week results in further tumor
growth inhibition as compared with a protocol by which
TNF is given three times a week. As these effects were
noted following combination treatment with alpha- or
gamma-IFN as well as after TNF monotherapy, they are
not directly related to a combination with IFN.

The dose-response curve for TNF-alpha is similar to
that of most chemotherapeutic agents, i.e. the higher the
dose, the better the antitumor effect. The toxicity of TNF
is a major problem in clinical situations; thus, only low
doses should be given to patients [13, 15, 49]. Taking into
account the different area: volume ratios [20], when the
dose used to treat nude mice is translated to the human
situation, it appears that the tolerance of nude mice for
human recTNF is at lest 10-fold that of humans to human
recTNF. The treated mice did not show any signes of
toxicity when human recTNF was injected s.c. Whether
the minor differences between human and murine TNF
molecules [18, 40, 50] can explain the occurrence of such a
dramatic reduction in toxicity without a corresponding
reduction in the direct antitumor effects remains speculat-
ive; however, the implications thereof would be profound.

Because combinations of TNF with IFNs can have a
synergistic antiproliferative effect, it is of greatest import-
ance that the effect of TNF is enhanced by its combination
with either alpha- or gamma-IFN. Thus, complete growth
inhibition could be provoked in most xenografts tested in
the present study; moreover, the effect following combi-
nation therapy was different in the eight xenograft lines
tested.

The effect of initial tumor volume was evaluated in five
lines. It appeared that at higher tumor volumes, i.e. at a
TSI of > 50, only partial growth-inhibitory effects of the
BRMs were evident. The clinical implication would be
that cytokine treatment is applicable only to the group of
patients with clinically localized disease who have micro-
metastases. Patients at relatively high risk (T3) could be
candidates for such adjuvant treatment regimens. How-
ever, for removal of the primary tumor itself, radical
nephrectomy remains to treatment of choice [32].

Previous clinical trials have revealed that cytokine
treatment can provoke tumor regression [30, 51], indicat-
ing that indirect effects (i.e. immune system-mediate) can
play a crucial role in the antitumor activity of such
treatment. Inclusion of these effects in animal model
systems now seems possible by the use of SCID mice, in
which the human immune system can be partly reconsti-
tuted [22, 37]. Thus, more insight could be gained into the
complete spectrum of cytokine-mediated antitumor ef-
fects and the usefulness of these agents could be studied to
a greater extent.
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