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Partial Inhibition of the Growth of Transplanted Dunning Rat Prostate Tumors
with the Long-Acting Somatostatin Analogue Sandostatin (SMS 201-995)
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ABSTRACT

The growth-inhibiting effects of the long-acting somatostatin analogue
Sandostatin on the transplanted Dunning R3327-H androgen-sensitive
rat prostate tumor were investigated. Recipient animals were male Co
penhagen x Fischer !â€¢',rats (\ = 36). When mean tumor volume reached
700 mm3 (20 weeks following transplantation), the rats were divided into

four groups: control; Sandostatin (100 fig/kg s.c. twice a day); castrate;
castrate/Sandostatin. Tumor size was assessed by magnetic resonance
imaging 21, 42, 63, 105, and 138 days subsequently. Administration of
Sandostatin was interrupted between days 43 and 62. As assessed by
transplant volume, Sandostatin caused a moderate (up to 50%) but highly
significant (/' < 0.001) suppression of tumor growth in the intact rats;

the effect was reversed when drug administration was stopped. In the
castrates, in which tumor growth was markedly less than in intact rats,
no significant effect of Sandostatin was seen. Analysis of the tumor
growth rate demonstrated that Sandostatin led to a 19% reduction (/' <

0.05) in growth rate in intact rats and a 9% decrease (not significant) in
castrates. These findings extend previous reports of partial suppression
of various types of tumors in vivowith Sandostatin and other somatostatin
analogues. Their relevance with regard to the possible use of Sandostatin
in the treatment of prostatic carcinoma in humans is discussed.

INTRODUCTION

Recently developed long-acting SST2 analogues can partially

inhibit the growth of various types of transplanted tumors in
animal models. (L-5-Br-Trp8)SST-14 has been reported to re

duce the volume and weight of pancreatic tumors of both the
acinar and ductal types, transplanted into rats and hamsters,
respectively (1). The growth of transplanted rat Swarm chon-
drosarcoma is suppressed by the SST analogues (p-NH2-
Phe4)SST-14, (D-5-F-Trp8)SST-14, and (D-5-MeO-Trp8)SST-

14 (2); the latter compound is also active in inhibiting the
growth of the pituitary tumor 7315a in rats (3). Furthermore,
the growth of transplanted rat prostatic tumors can be partially
suppressed with SST derivatives (4-6).

Sandostatin (Sandoz, SMS 201-995) is an octapeptide deriv
ative of SST which is resistant to enzymatic degradation and is
a potent and long-acting inhibitor of GH secretion in vitro and
in vivo (7); its chemical structure is: H-(o)Phe-Cys-Phe-
(o)Trp-Lys-Thr-Cys-Thr(ol). Sandostatin is effective in the
treatment of acromegaly in humans, including the shrinkage of
associated adenohypophysial tumors (8, 9). This drug is also
active in animal tumor models. Sandostatin has been demon
strated to moderately inhibit the growth of transplanted chon-
drosarcoma and insulinomas in rat and hamsters, respectively
(10), as well as that of the prolactin/adrenocorticotropin-se-
creting pituitary tumor 7315a in rats (11). Recently, in a study
in rats using MRI, treatment with Sandostatin for up to 4 weeks
was observed to suppress the hyperplastic effects of estradiol
on the adenohypophysis (12).
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Human prostatic carcinoma is, in a large proportion of the
cases, characterized by an androgen-dependent phase. This is
attested to by the efficacy of androgen abalation therapy such
as castration, estrogens, luteinizing hormone-releasing hor
mone analogues, or receptor antagonists (13). The transplanted
Dunning R3327 prostate tumor model is one of the most
commonly accepted animal models of human prostatic carci
noma. This tumor, originally classified as a papillary adenocar-
cinoma, arose spontaneously in a 22-month-old Copenhagen
rat (14, IS). It is androgen sensitive and possesses Sa-reductase
activity (16). The R3327-H subline is a slow growing, well
differentiated adenocarcinoma, morphologically resembling hu
man prostatic carcinoma. This tumor is heterogeneous, being
composed of both androgen-sensitive and androgen-insensitive
cells (17).

The purpose of the present experiment was to investigate
whether it might be possible to suppress the growth of prostatic
tumors with Sandostatin. We have therefore studied the long-
term effects of the drug on the growth of transplanted Dunning
R3327-H tumors in male Copenhagen x Fischer F, rats, using
MRI as recently validated in this model (18) to estimate tumor
growth.

MATERIALS AND METHODS

In Vivo. The study was performed on 36 male Copenhagen x Fischer
FI rats bearing the R3327-H Dunning rat prostate tumor. Tumors were
transplanted bilaterally s.c. in the flank of the recipient rats.

Tumor growth was measured conventionally with calipers at the
outset and at intervals of 3 to 4 weeks. The tumor volume was calculated
according to the formula

,7/6 x maximal length x maximal height x maximal width

assuming ellipsoid shape.
Twenty weeks after transplantation, mean tumor volume in all ani

mals was 700 Â±150 (SE) mm3. At that time point, the rats were divided

into 4 groups in such a way that mean tumor volume was similar in all
groups: control, sham-castrated and subsequently given vehicle (saline)
s.c. injections twice a day; Sandostatin, also sham castrated and then
given Sandostatin by s.c. injections at 100 Mg/kg twice a day; castrate,
castrated bilaterally and then given injections of saline twice a day;
castrate/Sandostatin, castrated bilaterally and subsequently given injec
tions of Sandostatin, 100 Â«ig/kgs.c. twice a day.

The subsequent duration of the study was 138 days. MRI measure
ments of tumor size were taken on days 0, 21, 42, 63, 105, and 138
following castration/treatment onset. For practical reasons, the appli
cation of Sandostatin was interrupted between days 43 and 62.

Magnetic Resonance Imaging. The experiments were carried out on
a Bruker Biospec 47/15 spectrometer equipped with a 15-cm horizontal
bore magnet; the proton frequency was 200 MHz. The probe head was
a homebuilt resonator of the type described by Alderman and Grant
(19), with an inner diameter of 65 mm and a length of the resonating
structure of 100 mm. Transverse sections were recorded using the
inuliÂ¡slicespin-echo sequence SE( 1000/36). The field of view used in
the experiments was 60 mm, yielding a pixel size of 230 x 230 nirf at
a slice thickness of 2 mm. Sixteen to 32 contiguous slices were recorded,
covering 3 to 6 cm in the axial direction. For measurement, the rats
were anesthetized with pentothal (40 mg/kg i.p.) and placed in a
Plexiglas support. Measurements lasted 20 to 30 min/rat.
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The images were analyzed by counting the pixels within the tumor
area in each cross-section, the sum over the entire section yielding the
volume.

Analysis of Tumor Growth Rate. Assuming single exponential tumor
growth, the relative tumor size

at a time point i becomes

s(t)

s(t) = exp(fA), (A)

with r being the growth rate (S(t) and 5(0) denote absolute size at time
points t and 0). The inhibitory effect of drug treatment is calculated by
introducing an inhibition factor /

l/TT=(\ - (B)

where the subscripts T and C represent treated and control animals,
respectively. The relative tumor size of the tested group of a given line
point t is expressed as a function of / and the corresponding control
value; hence

sT(t) = (C)

This simple model is not valid for very large tumors, the growth of
which is markedly retarded, possibly by a limited supply of nutrients.
This may be taken into consideration by introducing a time and hence
tumor size-dependent growth rate factor, e.g.,

yielding

I/T = 1/T(0) exp(-r/7-)

r(0)

(D)

(E)

The present results (Tables 2 and 3) have been obtained using Equations
D and E. The parameters i-(O) and 7" have been determined from a

regression analysis.

RESULTS

Fig. 1 shows a transverse cross-section through the abdomen
of an anesthetized control rat. The magnetic resonance images
were recorded on day 143 after transplantation. The tumors
can be recognized as well defined, solid structures, producing a
magnetic resonance signal of intermediate intensity with the

Fig. 1. Transverse cross-section through abdomen of a rat with bilaterally
implanted Dunning-R3327H prostate tumors. The image has been recorded using
the spin-echo sequence SE(2000/36), 16 images have been recorded using the
multisection technique, and the total measuring time for the series was 8 min.
The slice thickness is 2 mm, the in-plane resolution is 0.2 x 0.2 mm, the
intersection distance was set to 2 or 4 mm depending on the tumor size. Vertebrae[Ir], spinal cord |.s'<'], muscles [Afu], adipose tissue |.-l</|.subcutaneous fat |.S'A'|.
skin | S'A|, intestines \ln\. and the implanted tumors | '/Â«(/).7u(r)| can be identified.

applied pulse sequence. The very intense (bright) signal in the
cross-sections corresponds to adipose tissue (A). The lipid pro
ton contributions to the image lead to pronounced chemical
shift artifacts, which have been discussed previously (19).

The results are given in numerical form, as absolute and
relative tumor size, in Table 1. In the upper portion of the table
tumor volume is expressed as mm3 at each of the 6 time points

at which measurements were taken. In the lower part of the
table, the data are given as relative tumor size; absolute volume
was converted to a value of 1.0 at the time of castration or
onset of treatment with Sandostatin ("day 0"), in each animal.

The 2 periods of treatment with the drug (days 0-42 and days
63-138), as well as the interval during which treatment was
interrupted (days 43-62) are indicated in Table 1.

In the control group, the volume of the transplants increased
throughout the course of the experiment, such that from the
starting volume of 750 Â±250 mm3, a final mean size of >20,000

was reached. Tumor growth was, as expected, markedly reduced
in the castrate group, the final volume being 3,500 Â±750 mm3.

Final relative volumes in the control and castrate groups were
116.9 Â±62.9 and 10.1 Â±2.6, respectively. In the intact rats,
Sandostatin treatment resulted in a moderate suppression of
tumor growth. During the first treatment period, absolute tu
mor size in the Sandostatin group was smaller than in the
control animals, as estimated at both 21 and 42 days; this drug
effect was reflected by the difference in relative tumor size at
both of these time points. On day 63, when Sandostatin admin
istration had been interrupted for 3 weeks, this difference had
disappeared. Subsequently, the suppressive effect of Sandosta
tin on tumor growth again became apparent during the second
treatment period, as evidenced by the clear difference in relative
transplant size recorded at days 105 and 138.

In the castrated animals, no suppressive effect of Sandostatin
was seen during the first treatment period. However, slightly
reduced relative tumor size at both 105 and 138 days, in the
castrate/Sandostatin as compared to the castrate group, sug
gests a moderate suppressive action of the drug during the
second treatment period.

In Fig. 2, relative tumor growth in the 4 groups, throughout
the course of the study, is depicted in graphic form. In the inset,
the first treatment period is shown with the y axis expanded
10-fold, in order to more clearly illustrate tumor progression
during this interval of relatively slow growth. These data were
analyzed statistically by comparing the accumulated relative
tumor size measurements during drug treatment (i.e., at days
21, 42, 105, and 138) in the Sandostatin groups with the
relevant vehicle-treated groups. The inhibitory effect of San
dostatin was highly significant in the intact rats (Sandostatin
versus control, P < 0.001), while no significant difference was
seen in the castrates (Sandostatin/castrate versus castrate, P >
0.05).

The analysis of the growth rate of the transplanted Dunning
tumors in each experimental group is shown in Fig. 3, and in
Tables 2 and 3. In Fig. 3, it may be seen that the assumption
of simple exponential growth is adequate for the castrate
groups. A decline in growth rate with time must be taken into
account in the intact animals, however. The growth curves
shown in Fig. 3 were obtained by least square fits of Equation
E to the experimental data. The data (Table 2) show a signifi
cantly inhibited growth rate with Sandostatin as well as with
castration, in comparison to the intact controls. In the castrated
rats, Sandostatin further reduced the tumor growth rate slightly.

The validity of the regression analysis has been examined by
calculating the relative tumor size and growth inhibition at each
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Table 1 Absolute and relative tumor size
The absolute size is given in mm3.

Treatment Period 1
(days oftherapy)Absolute

tumor size
Control
Sandostatin
Castrate

Castrate/SandostatinRelative

tumor size
Control
Sandostatin
Castrate
Castrate/Sandostatin0750

Â±250
900 Â±250
650 Â±150
500 Â±1001.0

Â±0.3
1.0 Â±0.2
1.0 Â±0.2
1.0 Â±0.2213,200

Â±850
1,850 + 600

900 Â±200
800 Â±1504.5

Â±0.5
3.0 Â±0.3
1.6 Â±0.1
1.9 Â±0.1425,800

Â±1,150
5,000 Â±1,250
1,100Â± 180

850 Â±20011.3

Â±1.77.4
Â±1.2

2.2 Â±0.3
2.0 Â±0.2637,300

Â±950
7,600 Â±1,500
1,450 Â±280
1,300Â±30023.2

Â±6.9
20.2 Â±5.7

2.7 Â±0.3
3.0 Â±0.3Treatment

Period 2
(days oftherapy)10512,900

Â±2,900
10,800+ 1,600

1,850 + 400
1,850Â±40050.5

Â±22.3
31.2 Â±8.6

5.2 Â±1.5
4.4 Â±0.5138>20,000

15,400 Â±2,300
3,500 Â±750
3,000 Â±750116.9

Â±62.9
52.1 Â±16.9
10.1 Â±2.67.7

Â±1.4

O)

03

60 80 160 120 '46 19Â« ISO

p < 0.001

140 168 180 200 220 240 260 280 300 Days after implantation

e 60 80 100 120 140 Days of Treatment
Fig. 2. Relative tumor size as a function of time after implantation and time of treatment. Values are given as mean + SEM (bars). The groups are control (Oâ€”

-O), Sandostatin treated (â€¢ â€¢),castrates (A A), and castrates treated with Sandostatin (A A). Shaded regions, the treatment periods (Period 1, days 142
to 189; Period 2, days 212 to 280). The significance indicated in the figure (Student's t test) refers to the comparison of pooled data of control versus Sandostatin

(pooled over the treatment periods). Inset, data of the tirsi treatment period on an expanded \ axis.

time point, using Equation E and the data given in Table 2. As
shown in Table 3, the calculated and experimental values are
in close agreement.

DISCUSSION

We have recently established and validated the use of MRI
for the visualization and quantification of transplanted rat
Dunning prostate tumors (18). In the present study, we have
utilized MRI to detect moderate inhibitory effects of the stable
and long-acting somatostatin analogue Sandostatin on the
growth of these tumors in the rat. Sandostatin, as well as other
somatostatin analogues, has previously been shown to partially

suppress the growth of various types of transplanted tumors in
experimental animals (1-6, 10, 11).

The present findings represent an extension of these earlier
results to prostatic tumors. While the inhibitory effects of
Sandostatin which we have observed were consistent and ap
parent for the entire duration of the investigation (i.e.. 138 days
of treatment), they were, in comparison with the effect of
androgen deprivation, moderate. This is in keeping with the
previous reports which showed that pancreatic ductal tumors,
Swarm chondrosarcoma, and the 7315a pitiutary tumor were
all inhibited by less than 50% with the various SST analogues
(1, 10, 11).

The possible mechanism underlying the prostate tumor
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t-

H 1 f- -fâ€”t-
-48 -28

TimeofTreatment[Days]
Fig. 3. Semilogarithmic representation of relative tumor size as a function of

time of treatment. The slope of the curve is proportional to the growth rate if
exponential growth is assumed. The symbols have the same meaning as in Fig. 2.
Best fit has been obtained using a single exponential (Equation A) for the two
castrated groups and Equation E for the two noncastrated groups with the
parameters given in Table 2.

Table 2 Regression parameters r(0) and T defining tumor growth rate and
inhibition factor I = r(0; control)/r(0; treated)

The values have been derived from least square Tit of the experimental using
Equation E. Values are given with standard deviations.

ControlSandostatin

Castrate0
Castrate/Sandostatin"T(0)(days)14.9

Â±1.018.4
Â±0.2

61.4 Â±1.5
68.4 Â±0.9T

(days)87.7

Â±11.1
95.5 Â±1.3Inhibition

(%)Controls19

Â±976
Â±2

78 Â±2Castrates9Â±4
Â°Single exponential assumed (Equation A).

Table 3 Experimental and calculated relative tumor size (s) and inhibition (I) as
a function of time of therapy

Calculations are based on Equation E and time parameters given in Table 2.
Experimental data are given as mean Â±SEM.

Time(days)0234669104137ControlSandostatinCastrates(exp)Â°
s(calc) s(exp) s(calc)I(exp)I(calc) s(exp)s(calc)I(exp)I(calc)14Â±

111
Â±223
Â±750

Â±22117
Â±62141145910413Â±

17Â±
131

Â±952
Â±17137385533363855223447501.62.22.75.210.11Â±0.1Â±0.3Â±0.3Â±

1.5Â±2.611.52.13.15.49.365818890916381879191

" exp, expected; cale, calculated.

growth inhibition with Sandostatin should be considered. Con
ceivably, the peptide could exert direct effects upon the trans
planted tissue, or it might act indirectly via the suppression of
GH release. GH can stimulate cell differentiation by itself and
can also act via insulin-like growth factor (20-22). We have, in
the present study, estimated GH levels in blood sampled at 50
and 78 days following the onset of treatment with Sandostatin
and did not detect a difference between saline and drug-treated
animals, either intact or castrated (data not shown). This would
support the previous demonstration that tolerance to the GH
secretion-inhibiting effects of Sandostatin develops during
chronic treatment in the rat (11), in stark contrast to the
situation in humans (8, 9). [Evidence for a similar development

of tolerance in Syrian hamsters with other SST analogues has
also been presented (1)]. These observations do not support the
likelihood that the tumor growth-suppressing effects of San
dostatin recorded at present were mediated by GH secretion
inhibition. Furthermore, since Sandostatin does not block the
basal secretion of prolactin or androgens,3 these hormones

cannot be implicated in the effects observed in this study.
Alternatively, Sandostatin may have suppressed the growth

of the transplanted prostate tumor directly. An action such as
this has been suggested, for example, on the transplanted ham
ster insÃ¹IÂ¡noma,which possesses somatostatin receptors (10),
as well as on transplanted pituitary tumor cells (11). Likewise,
2 other SST analogues suppressed the growth of transplanted
tumors, but not GH release, in hamsters (1), again suggesting
a direct action. Furthermore, Sandostatin has been shown to
directly inhibit the proliferation of various cell types in culture,
such as human MCF-7 breast cancer cells (23). While the SST

receptor status of meningiomas has been found to be positive,
less than 10% of malignant human mammary carcinomas were
found to contain SST-binding sites (24). It is not known

whether or not rat Dunning tumor tissue contains SST recep
tors, although human prostatic carcinomas are apparently neg
ative (24).

Further to the mechanism of the inhibitory effect of Sandos
tatin observed at present, a possible interaction with EGF/TGF
should not be overlooked. EGF and TGF-a are important
growth-stimulatory and transforming factors in many cell types
(25-27). It has recently been shown that rat prostatic cell
membranes contain specific, high-affinity binding sites for EGF

and that androgens regulate the concentration of these receptors
(28). Furthermore, an inhibitory effect of very low concentra
tions of SST on EGF-stimulated centrosomal separation, DNA

synthesis, and cell proliferation in gerbil fibroma and HeLa
cells has been reported (29). It is therefore conceivable that the
inhibitory effects of Sandostatin reported herein are mediated
by a local interaction with an endogenous EGF/TGF-a system.
This possibility merits further investigation.

In the present study, we have observed only a very slight
suppressive effect of Sandostatin on tumor growth in castrated
animals. This is not surprising in view of the fact that castration
alone resulted in a very marked reduction in tumor growth.
This experimental situation (castrated rats) parallels the one
seen in the clinic, in which anti-androgen therapy effectively

controls the progression of prostatic carcinoma, although for a
limited period of time. It does, nonetheless, remain conceivable
that Sandostatin might be capable of prolonging the time during
which prostatic malignancies remain manageable with anti-

hormonal therapy. This issue can be addressed experimentally
in longer-term studies with transplanted Dunning tumors.

In conclusion, the present study has demonstrated that San
dostatin treatment causes a moderate suppression of the growth
of transplanted Dunning R3327-H prostate tumors in the rat.

The mechanism underlying this effect and the implications for
the possible use of Sandostatin in the treatment of human
prostatic carcinoma remain to be explored.
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