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Somatostatin and Analogues
in the Treatment of Cancer
A Review

B. MARK EVERS, M.D., DILIPKUMAR PAREKH, M.D., COURTNEY M. TOWNSEND, JR., M.D.,
and JAMES C. THOMPSON, M.D.

Somatostatin is a naturally occurring cyclic tetradecapeptide that
inhibits release of growth hormone and all gastrointestinal hor-
mones. The beneficial effect of somatostatin in the treatment of
certain hypersecretory disorders of hormone excess is well rec-
ognized; however its clinical usefulness has been limited in the
past by its extremely short plasma half-life. The development
of long-acting somatostatin analogues has provided clinically
useful agents for treatment of hormone-producing tumors. In
addition to well-known inhibiting effects on hormone release and
actions, recent studies using experimental tumor models have
demonstrated an antiproliferative effect of somatostatin and its
analogues on growth of a variety of neoplasms. The exact role
of somatostatin analogues in cancer therapy has yet to be estab-
lished; however studies suggest that these agents could provide
a useful and relatively nontoxic adjuvant therapy in the treatment
of certain tumors. In this review, the oncologic application of
somatostatin and possible mechanism of action are examined
and current clinical and experimental studies are summarized.

S OMATOSTATIN WAS ISOLATED and characterized
by investigators working in the laboratory ofGuil-
lemin at the Salk Institute' in 1973 following the

original observations made by Krulich and coworkers2
during a search for a growth hormone-releasing factor.
Since the identification and purification of somatostatin-
14 (Fig. 1), precursor forms of greater molecular weight
have been recognized.3-5 Somatostatin-28, or prosoma-
tostatin, is a 28-amino acid polypeptide with somatostatin-
14 making up the C-terminus3 (Fig. 2). Preprosomato-
statins are even larger precursor forms of 120 or more
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amino acids, with somatostatin-28 located at the C-ter-
minus.4 All ofthese forms exert biologic activity but differ
in their relative potency.6

Somatostatin has been identified by a variety of im-
munocytochemical and radioimmunoassay techniques in
multiple sites throughout the nervous system, including
the cerebral cortex, cerebellum, hypothalamus, pituitary
infundibular process, pineal gland, and spinal cord.4'7 In
the gastrointestinal tract, somatostatin has been found in
the stomach (antrum, body, and fundus), the duodenum,
jejunum, ileum, colon, and pancreas; the greatest amount
is present in the stomach and pancreas.347 More than
90% ofthe somatostatin immunoreactivity in the human
gut is present within mucosal endocrine cells called D
cells.4'8 Muscle-layer somatostatin is located in nerves of
the myenteric plexus.4 Somatostatin in the pancreas is
located in the D cells at the periphery ofthe islets ofLang-
erhans.4

Somatostatin is characterized as a regulatory-inhibitory
peptide with exocrine, endocrine, paracrine, and autocrine
activity.4 The general inhibitory function of somatostatin
is wide ranging and affects a number of organ systems.
Many have characterized it as the universal endocrine off-
switch. Somatostatin inhibits the release of growth hor-
mone and somatomedin C and all known gastrointestinal
hormones.38 Somatostatin also inhibits gastric acid se-
cretion and motility, intestinal absorption, pancreatic bi-
carbonate and enzyme secretion, and selectively decreases
splanchnic and portal blood flow in dogs and humans
without affecting mucosal blood flow.31'0

Several clinical trials demonstrated impressive efficacy
of somatostatin and its analogues in a variety of hyperse-
cretory disorders resistant to standard therapy, including
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H2N-Ala-Gly-Cys-Lys-Asn-Ph.-Phe-Trp-Lys-Thr-Ph.-Thr-Ser-Cys-COOH

acromegaly, l' '2 pancreatic ascites,'3 and pancreatic chol-
era.'4 They also proved useful in symptomatic treatment
ofgastrointestinal neoplasms ofendocrine origin, includ-
ing Zollinger-Ellison syndrome,'5-'8 insulinoma,19'20 VI-

Poma (tumors resulting from hypersecretion of vasoactive
intestinal peptide),2124 glucagonoma,2526 and carcinoid
tumors. '27,28 Intriguing additions to the reported success
of somatostatin in relieving symptoms produced by en-

docrine tumors have been reports of antiproliferative ac-
tions ofsomatostatin (both in vivo and in vitro) on various
solid tumors, including breast,29-33 prostate,29'34-37 co-

lon,38-40 pancreatic,62941-43 and small cell lung carci-
noma. 45

The exact mechanism of the antitumor effect of so-

matostatin is not known, but some possibilities include
one (or a combination) of the following: (1) a direct an-

tiproliferative effect mediated through specific, high-af-
finity somatostatin receptors; (2) inhibition of secretion
of gastrointestinal hormones thought to be important in
tumor growth (that is, gastrin, secretin, cholecystokinin
[CCK], and insulin); and (3) inhibition ofrelease ofgrowth
hormone and other growth factors (that is, epidermal
growth factor [EGF] and somatomedin C [IGF-I]).

Mascardo and Sherline46 demonstrated direct antipro-
liferative effects of somatostatin by noting in vitro inhi-
bition ofEGF-induced DNA synthesis and cell replication
by blocking centrosomal separation in gerbil fibroma and
HeLa cells. Direct effects ofsomatostatin may be mediated
through its interaction with specific somatostatin receptors
found on normal cells and on cancer cells. Hierowski and
colleagues43 found that binding of somatostatin to its
membrane receptors located on the pancreatic cancer cell
line MIA PaCa-2 activates dephosphorylation ofthe EGF
receptor, which prevents EGF-induced growth.
The clinical usefulness of native somatostatin is limited

greatly by its short plasma half-life (1 to 3 minutes in
humans).6 Somatostatin analogues were developed that
are long-acting and more potent than native somatostatin-
14. The first such analogue was SMS 201-995 (SAN-
DOSTATINO [octreotide acetate]) (Fig. 3). SMS 201-995
is a synthetic octapeptide with a prolonged circulating
half-life of approximately 41 to 58 minutes in humans
when administered intravenously.6 The elimination half-

life ofSMS 201-995, when given subcutaneously, is even
longer (approximately 113 minutes in healthy volun-
teers).47'9 This analogue was found to be three times more
potent than native somatostatin in suppressing glucose-
stimulated insulin secretion and 19-times more potent
than native somatostatin in inhibiting growth hormone
secretion.48 In recent years, major strides were made in
the synthesis of newer, longer-acting analogues specifically
designed for antitumor activity. Schally29 and Cai and
coworkers50 synthesized more than 300 analogues using
solid-phase methods. These octapeptide 'superanalogues'
are more potent and have longer durations ofaction than
either native somatostatin or SMS 201-995.
The somatostatin analogues have a wide therapeutic

index and seem to be free ofmajor side effects.29'48'5' Most
of the reported side effects are gastrointestinal in nature
and include minor nausea, bloating, diarrhea, constipa-
tion, or steatorrhea. Currently SMS 201-995 is approved
only for the control of symptoms associated with meta-
static carcinoid or VIP-secreting tumors; however use of
these analogues may prove beneficial in the future as novel
adjuvant agents in cancer chemotherapy. The success of
somatostatin in treating the hypersecretory disorders of
patients with endocrine tumors has been documented ex-

tensively in many clinical trials. 13-22 This review will focus
specifically on the oncologic application of somatostatin
and its analogues in the treatment of endocrine and non-
endocrine solid tumors.

Breast Cancer

Immunoreactive somatostatin-14 is found in human
breast milk in a concentration 10 times higher than in
plasma.52 Somatostatin in milk possesses bioactivity as

demonstrated by its ability to inhibit basal- and prosta-
glandin-induced release ofgrowth hormone from anterior
pituitary cell cultures in a fashion that is parallel to that
of synthetic somatostatin-14.52 Somatostatin activity also
was demonstrated in human breast cancers. Using recep-
tor autoradiography, Reubi and coworkers53 demonstrated
the presence of high-affinity somatostatin receptors in 3
of 39 breast cancers. The presence of somatostatin recep-

H2N-Ser-Ala-Asn-Ser-Asn-Pro-Ala-Met-Ala-Pro-Arg-Glu-Arg-Lys-
FIG. 2. Amino acid sequence
of somatostatin-28.

Alo-Gly-Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cysys-COOH

FIG. 1. Amino acid sequence
of somatostatin-14.
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H-(D)Pho-Cys-Phe-(D)Trp-Lys-Thr-Cys-Thr(ol)
FIG. 3. Amino acid sequence of long-acting somatostatin octapeptide
analogue (SMS 201-995).

tors did not correlate with the age of the patient or with
the number of estrogen and progesterone receptors.
Spring-Mills and colleagues54 demonstrated somatostat-
inlike immunoreactivity in a majority of human breast
cancers studied. These findings ofsomatostatinlike activity
in breast milk and specific high-affinity somatostatin re-
ceptors in human breast tissue led several investigators3' 33
to speculate that the role of somatostatin may be that of
an autocrine or paracrine factor linked to control of breast
cell proliferation.

Scambia and coworkers33 studied in vitro effects of so-
matostatin-14 and the long-acting somatostatin analogue,
SMS 201-995, on three human breast cancer cell lines
(CG5, T 47 D, and ZR 75-1). They found a dose-depen-
dent inhibition of growth of all three lines with either
native somatostatin-14 or SMS 201-995. Significant in-
hibition was noted in CG5 cell growth at a concentration
of 0.01 nmol/L (nanomolar) ofSMS 201-995. Maximal
inhibition (40%) occurred with a concentration of 100
nmol/L. The effects were less pronounced with T 47 D
and ZR75-1. A significant inhibition in growth (approx-
imately 10% compared to untreated control cells) was not
noted until a concentration of 10 nmol/L ofsomatostatin
was used. Further increases in the concentration of so-
matostatin failed to produce additional inhibition. Al-
though not mentioned in their studies (and not specifically
measured), one possible explanation for the increased in-
hibitory effect of somatostatin on CG5 compared to T 47
D and ZR75-1 may be the presence of somatostatin re-
ceptors. CG5 is a variant of another breast cancer cell
line, MCF-7, which has a single class of high-affinity so-
matostatin receptors. Using the MCF-7 cell line, Setyono-
Han and colleagues3' studied in vitro antiproliferative ef-
fects of somatostatin- 14, somatostatin analogue, SMS
201-995, and another long-acting somatostatin analogue,
CGP 15-425. All three agents inhibited growth of MCF-
7 with maximal inhibition of cell proliferation noted at a
concentration of 10 nmol/L (approximately 75% inhibi-
tion). These two studies suggest a direct inhibitory effect
of somatostatin on breast tumor cells.

Several in vivo investigations corroborated the in vitro
findings ofsomatostatin-induced inhibition ofbreast can-
cer. Rose and coworkers30 studied the effects of somato-
statin-14 and a long-acting somatostatin analogue, L
362,823, on the growth ofmammary carcinomas induced
by N-nitrosomethylurea in female rats. Pergolide, an agent
that suppresses serum prolactin, had no effect on tumor

growth, but when it was combined with a 7-day treatment
of somatostatin- 14 (20 ,ug/hour via osmotic minipump),
tumor surface areas decreased significantly. Once so-
matostatin treatment was stopped, the tumors underwent
regrowth despite the continuation of pergolide. Similar
findings were noted when the experiment was repeated
using the long-acting somatostatin analogue, L 362,823
(5,ug/hour via osmotic minipump). Neither pergolide nor
L 362,823 were effective as single agents. When L 362,823
was administered for 7 days in combination with pergo-
lide, tumor regression again was noted. With cessation of
L 362,823, however, immediate tumor regrowth was
found. These findings suggest a cytostatic effect of so-
matostatin on this chemically induced mammary carci-
noma.

In another model ofchemically induced rat mammary
cancer, Klijn and colleagues55 studied the effects of dif-
ferent dosages (0, 0.05, 0.2, 1.0, 5.0, and 20 ,ug) of so-
matostatin analogue SMS 201-995 administered twice
daily for 3 weeks to rats with dimethylbenzanthracene-
induced tumors. They found a similar bell-shaped dose-
response curve as noted in in vitro studies from their lab-
oratory.31 Maximal tumor inhibition (83%) was noted with
SMS 201-995 (0.2 ,g, twice daily).
Weber and coworkers32 recently reported on the effect

of SMS 201-995 on the growth of estrogen-dependent
(MCF-7) and estrogen-independent (BT-20) human breast
cancer that was xenografted in nude mice. SMS 201-995
(4 ,ug, twice daily) significantly decreased MCF-7 tumor
volume and prolonged tumor doubling time compared
to controls. A much higher dosage of SMS 201-995 (50
jig, twice daily) was required to produce a modest, but
significant, prolongation of BT-20 tumor doubling time
and a decrease in the calculated growth increment. The
volume of the BT-20 tumor was not affected by SMS
201-995.
The mechanism by which somatostatin inhibits growth

of breast cancer in experimental studies is not known. In
vitro studies demonstrate a direct effect of somatostatin
possibly mediated through specific somatostatin recep-
tors.3133 Also somatostatin may act indirectly by inhibiting
release ofgrowth factors known to stimulate human breast
cancer cells. EGF and IGF-I stimulate growth of breast
cancer in vitro, and several breast cancer lines, including
MCF-7, have specific receptors for EGF or IGF-I.22'56 So-
matostatin and its analogues reduce levels ofthese growth
factors, which may contribute to the antiproliferative effect
seen in experimental studies.

Lung Cancer

Human small cell lung cancer accounts for 20% to 25%
of all lung cancer.57 It is a rapidly growing tumor char-
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acterized by early metastasis and ectopic hormone pro-
duction.58'59 Advances in multidrug chemotherapeutic
regimens modestly improved survival, but the prognosis
is still dismal.60 Taylor and colleagues45 demonstrated so-
matostatin receptors on human small cell lung cancer
cells, a finding that provides a possible clue for a growth-
regulatory function for somatostatin. To test this hypoth-
esis, a somatostatin analogue, BIM-23014 C, was used to
treat the human small cell lung cancer cell line, NCI-
H69.45 In vitro studies demonstrated inhibition oftumor
cell proliferation (59% of untreated controls) with a con-
centration of 10 nmol/L ofBIM-23014 C. In vivo growth
was assessed by injecting NCI-H69 cell suspension sub-
cutaneously into the flanks of nude mice. Treatment was
initiated with BIM-23014 C (500 ,ug/injection, twice daily)
administered intraperitoneally in one group, subcutane-
ously around the tumor in a second group, and in a remote
subcutaneous location in a third group. The mean tumor
lag time was delayed in mice treated by intraperitoneal
and remote subcutaneous injections, but inhibition oftu-
mor growth at 48 days was dramatic with subcutaneous
administration around the tumor. Discontinuing treat-
ment by any route resulted in an acceleration of tumor
growth that was similar to the findings of Rose and
coworkers30 in breast cancer. These results would certainly
suggest a direct cytostatic effect of somatostatin on NCI-
H69 tumor growth, rather than a cytotoxic effect. Con-
sideration must be given also to an indirect effect of so-
matostatin on tumor growth.

Cuttitta and colleagues,6' Moody and coworkers,62 and
others66 demonstrated bombesinlike immunoreactivity
and a high density ofbombesin-binding sites in a number
of cell lines ofhuman small cell lung cancer, as well as in
resected surgical specimens oftumor. These findings sug-
gest that bombesin may function as an autocrine growth
factor. We showed stimulation ofgrowth ofNCI-H69 xe-
nografts in nude mice that were treated with bombesin.67
Somatostatin inhibits the release of bombesin and could
affect tumor growth indirectly by this mechanism. Mil-
hoan and colleagues," working in our laboratory, ex-
amined the effect ofanother long-acting somatostatin an-
alogue, MK-678, on NCI-H69 growing in nude mice.
Treatment with MK-678 (300 ug/kg, three times daily)
for 46 days resulted in a significant decrease in tumor area
(51%), DNA content (64%), and RNA content (55%), as
compared to control values. Tumor protein and weight
were not significantly reduced. Although the degree of
tumor inhibition varies between studies, the data of Mil-
hoan and coworkers" and Taylor and colleagues,45 show-
ing inhibition of NCI-H69 with different somatostatin
analogues, suggest a possible role for these agents in the
adjuvant therapy for human small cell lung cancer.

Colon Cancer

Three experimental studies examined the effect of so-
matostatin on growth of colon cancers.39'68'69 Certain co-
lon cancers have gastrin receptors and studies using es-
tablished tumor models demonstrated stimulation of tu-
mor growth by gastrin or its analogues.68'69 In our
laboratory, Singh and coworkers39 showed that SMS 201-
995 inhibited pentagastrin-induced growth of MC-26, a
murine colon cancer that is positive for gastrin receptors.
Also from our laboratory, Milhoan and colleaguesg dem-
onstrated significant growth inhibition oftwo human co-
lon cancers (RIP and DRUM) xenografted in nude mice
by the long-acting somatostatin analogue, MK-678 (300
,ug/kg, administered three times daily intraperitoneally),
and by a-difluoromethylornithine. Alpha-difluorometh-
ylornithine is an irreversible inhibitor of ornithine decar-
boxylase that catalyzes the first and rate-limiting step in
polyamine biosynthesis. Polyamines are essential for cell
growth and differentiation and levels are elevated in rap-
idly dividing tissues. The addition of a-difluoromethyl-
ornithine to the MK-678 analogue inhibited growth of
both RIP and DRUM tumors to a greater extent than
either agent alone, a finding that suggests different mech-
anisms of action.

Smith and Solomon38 studied cell lines from three hu-
man colon cancers (CXI, X56, and HT29). The growth
ofthese tumors in vivo was examined in nude mice using
X56 and CXI. Three dosages ofsomatostatin-14 (33, 100,
and 300 ug/kg) were injected subcutaneously twice daily.
The growth of X56 was not affected by any dosage of
somatostatin. Somatostatin-14 (100 and 300 ,ug/kg) sig-
nificantly reduced tumor volume, weight, protein, and
DNA content ofCXI after 20 days of treatment. The ex-
periment was repeated using a tumor load of CXI that
was five times larger. Somatostatin (100 ag/kg) decreased
the final tumor volume and DNA content only, whereas
somatostatin (300 ug/kg) significantly decreased all mea-
surements of growth.

This study and the previous study by Milhoan and
coworkers4o demonstrate the variable effects of somato-
statin-14 and a long-acting analogue, MK-678, on growth
of human colon cancer. Three of the four colon cancers
were inhibited by administration of somatostatin. Again
the exact mechanism for this action cannot be determined
specifically. We speculated that a possible mechanism may
be an indirect effect on gastrin release or a modulation of
gastrin receptors that are present on the colon cancers.
As previously noted, Singh and colleagues39 demonstrated
that administration of SMS 201-995 blocked pentagas-
trin-induced stimulation ofMC-26 colon cancer. Gastrin
receptors were found to be down regulated in tumors after
treatment with somatostatin, which suggests that tumors
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were made less responsive to the trophic effect of penta-
gastrin. Smith and Solomon38 found that pentagastrin
(1000 ,g/kg) increased the protein and DNA content of
the X56 tumor and stimulated all measurements of CXI
growth (tumor volume; weight, and DNA and protein
content). Although somatostatin was not combined with
pentagastrin treatment in the in vivo studies, another hu-
man colon cancer (HT29) was studied in vitro. Gastrin-
17 (400 pmol/L [picomolar]) significantly stimulated
HT29 cell proliferation and somatostatin- 14 (400 pmol/
L) decreased cell proliferation. Somatostatin, when com-

bined with gastrin, inhibited the gastrin-induced prolif-
eration of cells (34% reduction in cell counts), compared
to the HT29 tumor that was treated with gastrin alone.

Exocrine Pancreatic Cancer

Adenocarcinoma ofthe pancreas is common and fatal;
it has an overall 5-year survival rate of 1% to 2% and a

median survival time of 2.5 months.29 The only effective
treatment is surgical resection, which is possible only in
the infrequent case of localized tumor. Radiotherapy and
chemotherapy offer no real advantages.29

Experimental studies showed an antiproliferative effect
of somatostatin and its analogues on the growth of pan-
creatic cancer. Redding and Schally4' reported a signifi-
cant reduction in tumor weight (51%) and volume (67%)
in Wistar/Lewis rats bearing the acinar pancreatic tumor
DNCP-322 after a 21-day administration of somatostatin
analogue [L-5-Br-Trp8] somatostatin-14 (30 ,ug, twice
daily). In the second experiment, Syrian golden hamsters
bearing a ductal adenocarcinoma were treated with [L-5-
Br-Trp7]somatostatin-14 (20 Mg, twice daily) for 30 days
with resultant diminished tumor weight and significantly
decreased tumor volume compared to controls.
Upp and coworkers42 in our laboratory demonstrated

inhibition of two human pancreatic cancers (SKI and
CAV) maintained as nude mouse xenografts by the ad-
ministration of somatostatin analogue SMS 201-995 (100
Ag/kg, IP, three times daily). SKI, a CCK receptor-positive
tumor whose growth was stimulated by caerulein70 and
CAV, a CCK-receptor-negative tumor whose growth was

not stimulated, both were inhibited to a similar degree by
SMS 201-995. Tumor growth of SKI and CAV also was

inhibited when treatment was delayed 21 days after tumor
implantation.
The exact role that gastrointestinal hormones play in

the growth of pancreatic cancer is not known. Townsend
and colleagues71 found that growth of the hamster pan-

creatic cancer, H2T, was stimulated significantly by ad-
ministration of caerulein, a CCK analogue, in combina-
tion with secretin. As noted above, we also showed sig-
nificant growth stimulation with caerulein of a human

pancreatic cancer (SKI) that has CCK receptors.70 The
inhibitory effect ofsomatostatin on pancreatic cancer may
be due partially to its ability to inhibit the release or action
ofCCK and secretin. This response could explain the effect
seen in SKI but would not explain the inhibition seen in
CAV, which does not possess CCK receptors and is not
affected by exogenous caerulein.70

Other factors (e.g., EGF) may be important in growth
of pancreatic cancer. In vitro studies by Hierowski and
coworkers43 and Liebow and colleagues72 demonstrated
receptors for somatostatin and EGF in a cell line from an
undifferentiated human pancreatic cancer (MIA PaCa-2).
Epidermal growth factor stimulates in vitro growth ofthis
cancer. Somatostatin reverses the stimulatory effect of
EGF by activating dephosphorylation ofthe EGF receptor.

Prostate Cancer

The endocrine treatment for advanced prostatic cancer
is well established and is based on androgen dependence.34
Investigators studied the effect of two long-acting so-
matostatin analogues (RC- 160 and RC- 121), combined
with a luteinizing hormone-releasing hormone agonist
([D-Trp6]-LH-RH), on the growth of the hormone-de-
pendent prostatic cancer, Dunning R-3327H.35 [D-Trp6]-
LH-RH, when given alone, suppressed pituitary and go-
nadal function and inhibited growth ofDunning R-3327H
tumor. The combination of [D-Trp6]-LH-RH and a long-
acting somatostatin analogue (RC- 121 or RC- 160) was
more effective in inhibiting tumor growth than either
agent alone. A possible explanation suggested by the au-
thors for the enhanced effect seen with combination treat-
ment is that the somatostatin analogues inhibit release of
growth hormone and prolactin, which are thought to be
important for growth ofthe normal prostate and possibly
play a role in proliferation of malignant cells. Whatever
the mechanism, this study suggests that inhibition ofhor-
monally sensitive prostatic cancers may be enhanced with
the combination of somatostatin analogues.

Endocrine Tumors

Somatostatin analogues demonstrated impressive effi-
cacy in the control of symptoms from hormone excess
produced by endocrine tumors resistant to standard ther-
apies. Somatostatin has been used in the treatment ofthe
Zollinger-Ellison syndrome of glucagonoma, of VIPoma,
of insulinoma, and of carcinoid tumors. The role of so-
matostatin in the symptomatic treatment of endocrine
tumors recently was reviewed extensively.73-76

Recent experimental and anecdotal clinical reports
suggest that somatostatin may inhibit the growth of en-
docrine tumors. Experimental in vivo studies have been
reported for a rat pituitary tumor, 7315a,77 hamster in-
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sulinoma,20 and a small cell lung cancer.45 We also studied
the effects of SMS 201-995 in small cell lung cancer4
and in BON, a human carcinoid tumor growing in nude

78mice.
Lamberts and colleagues77 studied the effect of the so-

matostatin analogue, SMS 201-995, on a transplantable
prolactin and ACTH-secreting rat pituitary tumor, 7315a.
Rats were injected twice daily with SMS 201-995 (2 or

20 jg/kg) for 30 days. Administration of both doses of
the somatostatin analogue significantly decreased tumor
area and weight. Reubi20 reported the effects ofSMS 201-
995 (200 jg/kg/day for 36 days) on a transplantable ham-
ster insulinoma with high-affinity somatostatin receptors.
There was a 50% reduction in tumor volume and 40%
reduction in tumor weight compared to control animals.
In a second experiment, the effects of SMS 201-995 on

the growth ofan established insulinoma was studied. After
16 days oftumor growth, hamsters bearing the insulinoma
tumor were treated with SMS 201-995 (2 or 25 jig/kg/
day). Treatment caused a reduction in tumor volume of
33% at the lower dose and of 52% at the higher dose.
These findings suggest that the antiproliferative effect of
somatostatin was mediated through its receptor.
We examined the effect of somatostatin on a trans-

plantable human carcinoid, BON, that was established in
nude mice.7879 In the first study, we treated 12 male mice
bearing BON xenografts with either SMS 201-995 (300
,jg/kg) or saline. At the end of 6 weeks, the tumors were

excised and weighed and plasma serotonin was measured.
SMS 201-995 significantly reduced plasma serotonin lev-
els and inhibited the growth of BON. In the second ex-

periment, the effect ofSMS 201-995 (300 jg/kg) and SMS
201-995 combined with a-difluoromethylornithine (2%
in drinking water) was examined on the growth of BON.
Both SMS 201-995 and a-difluoromethylornithine in-
hibited the growth of BON, and the combination of the
two inhibited BON to a greater extent than either agent
alone. This finding suggests that somatostatin may play
a useful role in multiagent chemotherapy.

These studies clearly demonstrate that somatostatin
analogue, in a widely ranging dosage (2 ,jg/kg to 300 jg/
kg), inhibits the growth of transplantable endocrine tu-
mors in experimental tumor models. The mechanism of
somatostatin's antiproliferative action has not been clar-
ified. Somatostatin may modulate tumor growth by a di-
rect action on somatostatin receptors as demonstrated by
Reubi20 or by an inhibition of release of endogenous hor-
mones that modulate tumor growth in hormone-respon-
sive cancers. Both of these actions (that is, suppression of
hormone release and direct suppression oftumor growth)
may interact to produce the total antiproliferative effect
of somatostatin. Further studies will be needed to clarify
the mode of action of the antiproliferative effect of so-
matostatin in endocrine tumors.

While the experimental studies reviewed above suggest
an antiproliferative action of somatostatin, its effects in
patients have been variable. Somatostatin analogues were
used primarily for symptomatic control in patients with
advanced tumors (the majority with extensive liver me-
tastasis). The reported effects of somatostatin on tumor
often are based on small experience and usually rely on
serial computed tomography or liver scans (Table 1). In-

TABLE 1. Summary ofAntiproliferative Effects ofSomatostatin Analogue, SMS 201-995, on Endocrine Tumors in Clinical Studies

Dosages of SMS 201-995
Investigators Tumor* Duration of Treatment Effect on Tumor

Shepherd and Senator'8 Gastrinoma (1) 1 year Initial shrinkage of tumor

Kvols et al.28 Malignant carcinoid (13) 150 ,g tid, 18 months Apparent shrinkage of hepatic
metastasis in 3 patients

Souquet et al.'7 Gastrinoma (2) carcinoid (1) 100 ,g bid, 8 months Tumor progression

Kraenzlin et al.23 VIPoma (1) 50 MAg bid, 14 months Shrinkage of hepatic metastasis

Juby et al.22 VIPoma (1) 50 MAg bid, 24 months Tumor size stable during treatment
period

Clements and Elias24 VIPoma (1) 50 Ag daily, 9 months Shrinkage of hepatic metastasis

Altimari et al.26 Glucogonoma (1) 50 ,g bid, 8 months No effect

Boden et al.25 Glucagonoma (1) 50 ,ug bid, 8 months No effect

Williams et al.49 VIPoma (4) gastrinoma and/or 50 Mg bid, 18 to 38 months Tumor progression
glucagonoma (6) carcinoid
(1)

Wiedenmann et al.81 Carcinoid (1) 100 Mlg bid, 7 months Shrinkage of hepatic metastasis

* Number of patients in parentheses.
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terpretation of an antiproliferative effect is complicated
further in some studies by multiple therapeutic sallies,
including chemotherapy and embolization ofthe hepatic
artery. The reported effects of somatostatin analogues on
inhibition of tumor growth have been modest or absent.
Kraenzlin and colleagues23 first reported that SMS 201-
995 produced shrinkage ofa hepatic metastasis in a patient
with a VIPoma. In a later study with a long-term follow-
up in four patients with VIPomas, Williams and
colleagues49 could not demonstrate a tumor suppression
with somatostatin. Studying the effects of various che-
motherapeutic regimens in patients with endocrine tu-
mors is further complicated by the fact that these tumors
are relatively rare and tumor growth is usually slow, in-
dolent, and unpredictable. Endocrine tumors are infre-
quent, and this makes the successful evaluation of the
role of somatostatin analogues extraordinarily difficult.
However consideration of such a study is warranted in
solid, nonendocrine tumors, such as pancreatic or breast
cancer.

Conclusions

Somatostatin analogues represent a novel approach
from traditional chemotherapeutic regimens in the treat-
ment of certain cancers. The obvious advantages of so-
matostatin treatment include a wide range of inhibitory
and antiproliferative actions with few side effects. The
exact mechanism of somatostatin's antitumor effect is
unknown. It may act directly by interaction with specific
somatostatin receptors known to be present on mem-
branes of a variety of tumors, or indirectly by inhibiting
release of growth factors known to stimulate neoplastic
growth. Whatever the mechanism, somatostatin therapy
may offer an additional period of symptom-free living in
selected patients with solid neoplasms and in those pa-
tients with hypersecretory disorders from endocrine tu-
mors. Somatostatin may prove to be a salient addition to
cancer chemotherapy.
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