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Summary--Interference in growth factor mediated pathways is a new strategy in the treatment 
of cancer. Somatostatin analogs can inhibit hormone and growth factor secretion, while 
suramin can block the binding of several growth factors to their receptors. In addition, 
somatostatin analogs can cause direct growth inhibitory effects after binding to tumoral 
somatostatin receptors. We tested the efficacy and endocrine effects of chronic treatment with 
three somatostatin analogs (Sandostatin( ~ RC-160 and CGP 15-425) or suramin in several 
tumor models and in patients with various types of cancer. Treatment with somatostatin 
analogs caused growth inhibition of breast cancer cells (MCF-7) in vitro, and of rat trans- 
plantable pancreatic (50-70% inhibition) and prostatic Dunning tumors (12% inhibition). 
No tumor growth inhibition was observed with respect to DMBA-induced rat mammary 
tumors, a transplantable colon tumor and a rhabdomyosarcoma in rats. In 34 patients with 
metastatic pancreatic or gastrointestinal adenocarcinomas chronic Sandostatin treatment 
caused stable disease in 27% of the patients, but no objective remissions. Somatostatin 
receptors were found in the responding MCF-7 mammary tumor ceils, rat pancreatic tumors 
and in 20-45% of human breast cancer specimens [J. Steroid Biochem. Molec. Biol. 37 (1990) 
1073-1077], but not in rat DMBA-mammary tumors or in 10 human pancreatic adenocar- 
cinomas. Suramin caused significant dose-dependent growth inhibition of human breast cancer 
cells in vitro and of rat pancreatic tumors in vivo in the presence of plasma levels up to 
150/zg/ml. In a preliminary clinical study concerning I 1 patients with various tumor types 
we observed significant hematological, biochemical, endocrine and clinical side effects, but 
no objective remissions in spite of relevant peak plasma suramin concentrations of 
270-330/~g/ml. In conclusion: somatostatin analogs and suramin can cause growth inhibition 
of various experimental tumors in vitro and in vivo, but the clinical value has to be established 
for several types of cancer, especially with respect to suramin and suramin-like compounds. 

INTRODUCTION 

Blocking growth factor mediated pathways is 
a new strategy in the treatment o f  cancer. In 
principle, there are several possibilities for 
using knowledge on growth factors and their 
respective receptors in the choice of  cancer 
therapy (Table 1). To date, a few treatment 
modalities are available in clinical practice. The 
secretion o f  hormones  and growth factors, 
especially growth hormone  (GH) and insulin- 
like growth factor 1 ( IGF-I ) ,  can be decreased 
by administrat ion of  somatostat in  analogs 
(Table 2) [1-3]. In addition, somatostat in  
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analogs can inhibit tumor  growth by direct 
antiproliferative effects via somatostat in  recep- 
tors being present in several tumor  types [4-7] 
(see also sections in Refs [5, 7]). Another  strat- 
egy is to block the binding of  circulating or  
autocrine/paracrine growth factors to their 

Table I. Possible strategies for intervention in growth factor 
mediated pathways 

I. Identification of patient subgroups with different prognoses 
based on growth factor receptor status. 

2. Withdrawal of growth stimulatory growth factors (e.g. TGF-ct, 
EGF, IGF-I). 

3. Administration of growth inhibitory growth factors (TGF-fl). 
4. Growth factor analogs. 
5. Growth factor antagonists: 

suramin; 
alkyl lysophospholipid derivatives. 

6(a). Cytostatic drugs linked to growth factors or growth factor 
antibodies. 

6(b). Radiolabeled growth factors (13q). 
7. Antibodies against growth factor receptors (anti-EGFR). 
8. Growth factor receptor tyrosine kinase inhibitors. 
9. Gene therapy. 
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Table 2. Mechanism of action of the tumor growth inhibitory effects 
of somatostatin analogs 

1. Inhibition of the secretion of GH, insulin and/or other gastro- 
intestinal hormones? 

2. Inhibition of IGF-1 production and/or other tumor growth 
factors? 

3. Inhibition of angiogenesis? 
4. Direct antimitotic effect on the tumor cells? 

receptors by suramin [8-11], a polyanionic agent 
which also dissociates growth factors from their 
receptors (Table 3). Therefore we have tested 
the effects of treatment with somatostatin 
analogs or suramin in different experimental 
models and in patients with various types of 
cancer (Tables 4A and 4B). 

S O M A T O S T A T I N  A N A L O G S  

As indicated in Tables 4A and 4B we 
have used three different somatostatin analogs, 
but in most studies we used the analog 
Sandostatin. 

Breast  cancer 

Direct growth inhibitory effects were demon- 
strated by the natural hormone somatostatin-14 
and two analogs (Sandostatin and CGP 15-425) 
on MCF-7 human breast cancer cells (Fig. 1). 
Previously we demonstrated the presence of 
specific somatostatin receptors on MCF-7 

Table 3. Mechanism of action of suramin 

l(a). Blocks binding of several growth factors to their receptors: 
PDGF, EGF, IGF-I, bFGF (HBGF-2), TGF-/L 

l(b). Dissociates bound growth factors from their receptors. 
2. Inhibition of enzymes--DNA polymerases 

----other enzyme systems. 
3(a). Inhibition of (adrenal) hormone secretion. 
3(b). Blocks binding of several peptide hormones to cell membranes. 

Table 4a. (Pre)clinical investigations with somatostatin analogs 

Analog(s) 

Experimental models 
l(a). Human breast cancer cells (in vitro) Sandostatin, 

CGP 15-425 
l(b). DMBA-induced rat mammary Sandostatin 

tumors 
2. Dunning rat prostate tumors Sandostatin 
3. Transplantable rhabdomyosarcoma Sandostatin 

in rats 
4. Transplantable rat colon tumors Sandostatin 
5(a). Transplantable rat pancreatic Sandostatin, 

tumors CGPI5-425/RC-160 
5(b). Carcinogen-induced (pre)neoplastic Sandostatin 

pancreatic lesions in rats 
and hamsters 

Clinical studies 
1. Pancreatic and gastrointestinal Sandostatin 

adenocarcinomas 
2. Breast cancer Sandostatin 

Table 4b. (Pre)clinical investigations with suramin 

Experimental models 
In vitro: human breast cancer cell lines 
In vitro: human androgen-responsive cell lines (prostate, DDT- I) 
In vivo: rats with transplantable pancreatic tumors 

rats with transplantable colon tumors 
Dunning rat prostate tumors 

Clinical study 
A broad phase lI study concerning patients with different tumor 

types 

cells[12]. With respect to the dose-response 
relationship a bell-shaped curve was observed 
with the maximal inhibition of tumor cell 
growth at a sharply defined amount of these 
agents (10 nM) [12]. 

In vivo we tested the efficacy of Sandostatin 
treatment in rats with DMBA-induced mam- 
mary tumors. In this tumor model we observed 
no (direct or indirect) growth inhibitory effect 
due to the absence of somatostatin receptors 
in these mammary tumors and insufficient 
suppression of plasma hormone levels[13]. 
However, Szende et al. [14] demonstrated clear 
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Fig. 1. G r o w t h  inhib i tory  effects of  somatos ta t in -14  and  the two somatos ta t in  ana logs  Sandos ta t in  and  
C G P  15-425 on the growth  of  M C F - 7  h u m a n  breast  cancer  cells in vitro. 
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growth inhibitory effects in MXT mice mam- 
mary adenocarcinoma using a depotpreparation 
of the somatostatin analog RC-160. 

In view of the presence of somatostatin recep- 
tors in about 8-46% of human primary breast 
cancers[4,5, 15-17], with a higher incidence 
(46%) when determined in large fresh tumor 
samples[17], the application of somatostatin 
analogs in the treatment of metastatic breast 
cancer might be useful. However, so far there is 
little clinical data showing limited efficacy in 
heavily pretreated patients[18-20]. At present 
we are carrying out a large randomized study in 
previously untreated patients. 

Prostate cancer 

In the Dunning prostate tumor model we 
found only limited growth inhibitory effects 
(12%) of treatment with Sandostatin, when 
used as single agent or in combination with an 
LHRH agonist in comparison to the respective 
controls without treatment or with only single 
treatment with buserelin depot. These results 
are comparable with those reported by other 
investigators[21,22]. We have observed no 
additive antitumor effects of Sandostatin 
treatment when combined with surgical castra- 
tion or the antiandrogen cyproterone acetate 
(CPA). 

In a small series of patients with metastatic 
prostate cancer resistant to first-line endocrine 
therapy, Dupont et al. [23] observed no signifi- 
cant antitumor effects by somatostatin analog 
treatment. 

Sarcomas 

Schally [1] showed antiproliferative effects of 
somatostatin analog treatment in experimental 
chondrosarcomas in rats. In rats with trans- 
plantable rhabdomyosarcomas we did not ob- 
serve any tumor growth inhibitory effect [24]. In 
the past we applied Sandostatin in the treatment 
of one patient with a very large chondrosarcoma 
resistant to chemotherapy, but without success. 
To our knowledge no other clinical data are 
available with respect to results in patients with 
sarcomas. 

Colon cancer 

In a rat transplantable colon tumor model we 
were unable to demonstrate growth inhibitory 
effects of Sandostatin treatment[24]. In 16 
patients with metastatic colorectal cancer we 
observed only stable disease in 4 of 13 evaluable 
patients [25]. All died within 2 years. 

Pancreatic cancer 

In cooperation with the TNO-CIVO Toxi- 
cology and Nutrition Institute we demonstrated 
inhibition of the development of carcinogen- 
(BOP)-induced ductular pancreatic lesions in 
male hamsters by the somatostatin analog 
Sandostatin [26]. Such an inhibitory effect was 
not observed with respect to preneoplastic acinar 
lesions in the pancreas of azaserine-treated rats. 
Zalatnai and Schally [27] demonstrated growth 
inhibitory effects of another analog, i.e. RC-160, 
in hamsters with chemically-induced ductal 
pancreatic adenocarcinomas. 

In rats with transplantable pancreatic tumors 
containing specific somatostatin receptors, 
treatment with the somatostatin analogs 
Sandostatin, CGP 15-425 and RC-160 during 
6 weeks caused 50-70% inhibition of tumor 
growth when compared with untreated controls 
[24, 28, 29]. We found no difference in efficacy 
between these three analogs when administered 
by daily s.c. injections. When administered by 
Alzet minipumps the antitumor effects of 
Sandostatin tended to be better than daily s.c. 
injections. Growth inhibitory effects of somato- 
statin analogs in this tumor model have also 
been described by Schally [1]. 

In a clinical study concerning 14 patients with 
metastatic pancreatic cancer treated by Sando- 
statin we observed only stable disease in 3 out 
of 13 evaluable patients[25]. These relatively 
poor results of treatment with Sandostatin 
might be explained by a number of different 
reasons: (1) insensitivity of human tumors per 

se; (2) lack of somatostatin receptors[30]; 
(3) lack of indirect tumor growth inhibition 
caused by insufficient long-term suppression of 
hormone or growth factor secretion; (4) pre- 
treatment with chemotherapy and the presence 
of extensive disease at the start of Sandostatin 
therapy; and (5) lack of clinical availability of a 
depotpreparation in order to reach better sup- 
pressive endocrine effects. 

SURAMIN 

Suramin, 8,8'-{carbonylbis[imino-3,1-phenyl- 
enecarbonyl-imino(4-methyl-3, l-phenylene)- 
carbonyi-imino]}bis-l,3,5-naphthalenetrisulfonic 
acid hexasodium salt (Germanin), is a poly- 
anionic compound with a molecular weight 
of 1429 (C51H34N6Na6023S6). The drug was 
discovered in 1917 by O. Dressel, R. Kothe 
and B. Heymann, and has been used for over 



1092 J.G.M. KLIJN et at. 

55 years as the treatment of choice for Trypano- 
somiasis and Onchocerciasis. In the last 5 years 
suramin has also been applied as an antiviral 
agent in the treatment of AIDS in light of the 
in vitro inhibition of the reverse transcriptase 
of retroviruses. Suramin can display many 
actions (Table 3) and is of potential interest for 
the treatment of cancer[8, 9]. Therefore, we 
have investigated the various effects of suramin 
in vitro on tumor cell lines, in experimental 
animal models and in patients with different 
types of metastatic cancer. 

In vitro studies 

We have investigated the effects of suramin 
on the proliferation of human breast cancer 
cells, the binding of EGF and IGF-1 to its 
receptor, and on cell cycle kinetics [31, 32]. In 
complete growth medium, suramin (>250 #g/ 
ml) inhibited the proliferation of MCF-7, 
ZR 75.1 and MDA-MB 231 cells in a dose- 
dependent manner. Proliferation of ZR 75.1 
cells was stimulated at dosages of suramin 
< 250 #g/ml. The effects of suramin were revers- 
ible and cytostatic rather than cytotoxic, since 
washing out of the suramin after 3 days of 
culture restored cell proliferation, In serum- 
free medium the basal and the stimulated 
(E2/IGF-I) proliferation of MCF-7 cells were 
inhibited by suramin. The net inhibitory effect 
at low dosages could be partly overruled by the 
addition of E 2 and/or IGF-I .  In experiments 
with human placental membranes suramin more 
effectively interfered in the binding for IGF-I 
(50% reduction at +_400/tg suramin/ml) to its 
receptor than of  EGF to its receptor. Under 
all culture conditions studied, the presence of 
suramin caused an accumulation of MCF-7 cells 
in the G2M-phase of the cell cycle. 

Previously we reported that suramin also 
inhibits proliferation of androgen-dependent 
tumor cells in a dose-dependent way[33]. 
Growth of LNCaP prostate cancer cells was 
inhibited by suramin, but resumed after removal 
of suramin. Suramin inhibited PDGF- and 
bFGF-stimulated growth of DDT-I  hamster 
ductus deferens tumor cells. However, in the 
presence of testosterone, suramin showed a 
biphasic effect: stimulatory at low doses 
(0.01 raM) and inhibitory above 0.01 mM. 

In vi~,o studies 

The effects of suramin treatment were studied 
in rats with transplantable pancreatic tumors, 
with transplantable colon tumors and in the 

Dunning prostate tumor model. Suramin 
showed significant antitumor effects on the pan- 
creatic tumor [34], but not on the experimental 
colon and prostate tumor. Healthy rats, as well 
as rats bearing the transplanted pancreatic 
tumor ( E G F R + ,  IGF-1 -R+ ,  somatostatin 
receptor+) ,  were treated with suramin (0.5, 2.5 
and 5 mg twice weekly s.c.). Rats were divided 
into groups of 18 rats each. Three rats from 
each group were sacrificed weekly. The plasma 
suramin concentration measured by HPLC, 
hematological parameters and the influence of 
suramin treatment on organ weights were exam- 
ined. Plasma suramin concentrations reached a 
plateau level after about 5 weeks with concen- 
trations between 40-150/~g/ml. Doses of 2.5 
and 5 mg suramin twice weekly resulted in 
significant tumor growth inhibition within 4-5 
weeks, postinoculation of tumor cells. The 
highest dose of suramin also resulted in reduced 
body weight; nonsignificant effects could be 
detected on the weights of various organs. 
However, kidney weight was exceptionally 
increased in some rats. The weight of mesenteric 
lymph nodes was often reduced. The most pro- 
nounced effect of suramin was on the spleen 
weight, which was increased from the second 
week of treatment. 

Clinical studies 

In a broad phase II study we are treating 
patients with various types of metastatic carci- 
nomas, for which no other satisfactory form of 
treatment exists. Preliminary data on the first 
11 patients are available [35]. The patients were 
treated by 24-h infusions with suramin for 10 
days (350 mg/m2/day). In view of the possible 
occurrence of adrenal insufficiency, cortico- 
steroids were added 5-10 days after the start 
of treatment with suramin. During the first 10 
days, and thereafter weekly, blood samples were 
taken for measurement of plasma suramin con- 
centrations. Suramin levels were measured by 
HPLC. When plasma suramin concentrations 
decreased below 50#g/ml in the absence of 
tumor progression, patients were treated with 
the next suramin infusion. In the first 11 patients 
(6 women, 5 men; mean age 56yr, range 
48-69 yr), we have evaluated the hematological, 
biochemical, endocrine and pharmacokinetic 
effects. 

Mean plasma suramin levels ( _+ SD) increased 
gradually to 203 + 51 ~tg/ml after 5 days and 
to 278 _+ 36/~g/ml (range 199-327/~g/ml) after 
10 days of treatment, followed by a decrease to 
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90 + 41/~g/ml (n = 6) 4 weeks after the start of 
the 10-day treatment period (Table 5). 

Hematological side effects were a decrease 
in their platelets count from 387+ 103 to 
245 + 172 x 109/1 (P <0.005) in 3 out of 11 
patients, resulting in thrombopenia (<100 x 
109/1). Furthermore, we observed lymphopenia 
(mean value decreased from 20 to 9%; 
P < 0.005), eosinophilia (mean value increased 
from 3 to 6%; P < 0.02) and a coagulopathy 
(mean INR increased from 1.0 to 1.5; 
P < 0.005) during treatment. 

Biochemical side effects were a significant 
decrease in plasma Na ÷ and K ÷ concentrations 
(from 138 to 134 and from 4.3 to 3.3mmol/1, 
respectively; both P < 0.05) and hypoprotein- 
emia (mean decrease from 67 to 57g/1; 
P < 0.05) in the absence of proteinuria. 

Endocrinological effects were: (1) a significant 
decrease in both m e a n  T 4 ( f r o m  94 to 64 nmol/1; 
P < 0.01) and TSH response to TRH (from 8.2 
to 4.3 mU/l; P < 0.05); (2) in men, an increase 
in mean plasma estradiol levels (from 61 to 
105 pmol/1; P <0.005) and a decrease in testos- 
terone; and (3) an increase in plasma ACTH 
concentrations (from 22 to 36 ng/ml; P < 0.02), 
accompanied by a significant increase in basal 
cortisol levels (from 470 to 690pmol/1; 
P = 0.05), without a change in cortisol response 
to ACTH during a single suramin treatment. 
In spite of an intact pituitary-adrenal axis 
within the first 5-10 days, the patients showed 
a striking subjective improvement after the 
addition of corticosteroid treatment. Clinical 
side effects were exanthema and fever (x  6, 
especially from day 8 onwards), swelling of 
reactive lymph nodes (x  2), strange metallic 
taste (x4) ,  tiredness (x2)  and neuropathy 
( × 1). One patient died from internal bleeding in 
the presence of severe thrombopenia (13 x 109/1) 
and coagulopathy (INR = 1.9). When cortico- 
steroid treatment was started on day 6, gener- 
ally, less side effects were observed than when 
this treatment began on day 10. 

With respect to antitumor effects 1 patient 
showed stable disease, the other 10 patients 
showed tumor progression. 

C O N C L U S I O N  

Somatostatin analogs and suramin can 
inhibit the proliferation of different tumor types 
in experimental models and in cancer patients. 
Somatostatin analogs are especially effective in 
patients having pituitary tumors (acromegaly), 

suramin in cancer treatment 

Table 5. Pharmacokinetics of suramin 

Mean plasma suramin levels (#g/ml) 

Mean SD n Range 

Stages of treatment 
1 day 72 35 I1 43-172 
2 days 107 39 I1 61-206 
3 days 142 48 10 103-230 
4 days 176 40 10 120-246 
5 days 203 51 8 142-259 
6 days 216 44 8 141-274 
7 days 224 39 10 173-286 
8 days 241 47 9 177-337 
9 days 281 47 7 196-331 

10 days 278 36 9 199-327 
End of treatment 

2 weeks 167 59 7 116-270 
3 weeks 132 40 6 89-179 
4 weeks 90 41 6 46-132 
5 weeks 76 37 4 42-128 

carcinoids or endocrine gastroenteropancreatic 
tumors, while in experimental models anti- 
tumor effects have been demonstrated on breast 
cancer, prostate cancer, pancreatic cancer, 
chondrosarcomas and meningiomas[1-3]. A 
series of recent reports showed antiproliferative 
effects of suramin on many tumor cell lines 
of different origin in vitro [8, 10, 11, 31-33]. 
However, there are only a few data available 
of studies on animal models and on cancer 
patients. We observed growth inhibitory effects 
of suramin on a transplantable pancreatic tu- 
mor, but the results in patients are less promis- 
ing than in experimental models. In the clinic 
suramin is mainly active in (a minority of) 
patients with metastatic hormone-independent 
prostate cancer, adrenal cancer or (heavily 
pretreated) lymphomas [9, 11, 35-37]. For the 
future, the development and availability of more 
specific growth factor antagonists is needed, and 
can be expected in due course. 
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