
than native SST in suppressing insulin and glucagon
secretion. Preclinical studies revealed that SST and its
octapeptide analogs exert their effects through specific
membrane receptors. Presently, 5 distinct subtypes
(sst1-5) have been cloned and characterized (10, 11).
These receptors are widely distributed in normal and
malignant tissues with cells often expressing more than
one subtype (3-6). While SST-14 and SST-28 show simi-
lar high affinity to sst1-5, the synthetic octapeptides such
as RC-160 and RC-121, developed in our institute, and
octreotide bind preferentially to sst2 and sst5, display
moderate affinity to sst3 and low affinity to sst1 and
sst4 (11).

The receptors for SST on various neuroendocrine
malignancies and many other solid tumors (3-6) could be
used for targeted chemotherapy. Thus, we investigated
the use of SST octapeptides as carriers capable of deliv-
ering cytotoxic agents specifically to cancerous cells, and
during the late 1980s several such hybrid conjugates
were designed in our laboratories (12, 13). One early
analog, consisting of the antimetabolite methotrexate
linked to carrier RC-121 (12), showed promising results in
SST receptor-positive MIA PaCa-2 experimental pancre-
atic cancers in nude mice (13). In the last decade, a vari-
ety of SST radiotracer analogs have also been devel-
oped, including [111In]-diethylenetriamine pentaacetic acid
[(DTPA)-D-Phe1]octreotide (Octreoscan) for scintigraphic
use (14-17). Some of these analogs were demonstrated
to be useful tools for the localization of SST receptor-pos-
itive tumors in patients (3, 14, 15). Subsequently, these
and other SST analogs labeled with appropriate radionu-
clides such as 186Rhenium or 90Yttrium were also applied
in cancer therapy. Encouraged by these results, we
developed a series of novel targeted cytotoxic SST
conjugates that consist of carriers RC-160 and RC-121
coupled to doxorubicin (DOX) or its superactive deriva-
tive, 2-pyrrolino-DOX (AN-201), which is 500-1000 times
more potent in vitro than DOX (18-20). Very recently, an
analog consisting of paclitaxel linked to octreotide has
also been reported by others (21).
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Introduction

Somatostatin is a hormonal neuropeptide that was
isolated from ovine and later from porcine hypothalami
and characterized as an inhibitor of growth hormone
secretion from the pituitary gland (1-3). In mammals, SST
was found to exist in two active forms, a 14 amino acid
peptide (SST-14) and an amino terminally extended ver-
sion consisting of 28 amino acids (4, 5). Both forms of
SST exhibit similar suppressive effects on a wide variety
of cells and appear to be endogenous growth inhibitors
(3-6). Because of the short plasma half-life of native SST
(< 3 min), its clinical use is impractical. Therefore, more
stable analogs with enhanced activities were synthesized
to exploit the great therapeutic potential in this inhibitory
peptide. As a result of intensive research, several stable
SST analogs were developed including octreotide
(Sandostatin; SMS 201-995), vapreotide (RC-160) and
lanreotide (BIM-23014) (7-9). These analogs have a
plasma half-life of approx. 120 min and are about 50
times more potent than SST in inhibiting growth hormone
release from the pituitary. They are also more selective
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derivatives have been synthesized and tested, including
2-pyrrolino-DOX (AN-201). AN-201 can be readily formed
by reacting DOX with a 5- to 10-fold excess of 4-iodobu-
tyraldehyde in dimethylformamide (Scheme 1). The con-
version of DOX takes place within minutes and is virtual-
ly 100% (19). AN-201 was shown to be 500-1000 times
more potent than DOX in vitro. The high in vitro and in
vivo antiproliferative activity of some daunosamine-modi-
fied DOX derivatives, even against DOX-resistant cell
lines, was attributed to their ability to �alkylate� an amino
group of a guanine base in close vicinity to the DNA inter-
calation site (19, 27, 28). Such derivatives were shown to
be non-cross-resistant with DOX, and possibly due to
their low maximum tolerated doses, noncardiotoxic (27,
28). Not surprisingly, the dose-limiting toxicity of these
strong DNA intercalating and crosslinking agents is due to
the damage to bone marrow (20, 28).

A modern approach developed by us to lower the
toxicity and enhance the efficacy of these very potent
anticancer agents is based on the targeting of their
respective conjugates to specific receptors for peptide
hormones such as luteinizing hormone-releasing hor-
mone (LH-RH) (29), bombesin/gastrin releasing peptide
(30) and SST (18) present on cancerous cells (20).

Cytotoxic SST conjugates

The outcome of targeted chemotherapy greatly
depends on the chemical modifications used to construct
the new hybrid entity. It is essential to preserve the ability
of the carrier peptide portion to bind specifically to recep-
tors on target tumor tissue and to retain the cytotoxicity of
the anticancer agent. Ideally, the conjugate should be sta-
ble and inactive in the circulation, with the cytotoxic agent
being released in an active form only in the tumors (20).

This review describes the design, synthesis and
mechanism of action of our targeted cytotoxic SST
analogs. We also tried to compile and interpret experi-
mental oncological results from the perspective of possi-
ble clinical application.

Design and synthesis

Cytotoxic radicals

Our selection of DOX as the active chemotherapeutic
radical for targeted cytotoxic conjugates is based on the
fact that after more than 3 decades, DOX is still one of the
most widely used anticancer agents, with the broadest
spectrum of antitumor activity (22). Although the exact
mechanism of action of DOX is still not fully understood,
it has been established that its antiproliferative activity is
mainly due to DNA intercalation and inhibition of topoiso-
merase II, which in turn leads to DNA strand breaks in
dividing cells (23). This explains why DOX shows some
selectivity towards cancerous cells and also accounts for
certain side effects such as myelosuppression. The main
dose-limiting toxicity of DOX, however, is not myelotoxic-
ity but cardiomyopathy, which is believed to be due to
the generation of free radicals mediated by the quinone
moiety of the anthracycline molecule in the presence of
iron ions (24). Thus, chronic exposure to > 450 Mg/m2

cumulative dose of DOX was found to overwhelm the
heart�s weak antioxidant defenses, leading to irreversible
life-threatening damage of cardiac muscles. DOX was
also shown to kill malignant cells without entering the
nucleus, through binding to membrane phospholipids
(25). In addition to toxic effects, the clinical efficacy of
DOX is further impeded by intrinsic or acquired multidrug
resistance of cancerous cells (26).

To overcome these drawbacks, thousands of DOX
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RC-121, followed by deprotection to form AN-162 con-
taining DOX or superactive analog AN-238 incorporating
radical AN-201, respectively. The corresponding cytotox-
ic conjugates with carrier RC-160 (AN-163 and AN-258)
were prepared similarly (18) (Fig. 1).

Mechanism of action

Although tissue distribution studies with our cytotoxic
SST analogs have not been completed at present, it is
assumed that these cytotoxic hybrids can accumulate in
both normal and cancerous cells bearing receptors for
SST, as demonstrated with radioactive SST analogs
(14, 15, 20). After binding and internalization of the SST
conjugate (40), the cytotoxic radical may be released
inside the cells by nonspecific carboxylesterase enzymes
(EC.3.1.1.1), which are ubiquitous (39). It is also possible,
however, that the cytotoxic radical is released, in part,
after binding but before internalization. This mechanism
could still produce a higher concentration of the radical in
SST receptor-positive tissue and, in addition, a
�bystander effect�, affecting SST receptor-negative neigh-
boring cells. As a result of the bystander effect, it is very
difficult to demonstrate targeting of these conjugates in
vitro. Despite such difficulties, recently we were able to
show a more selective toxicity of AN-238 towards recep-
tor-positive cells in mixed populations of SST
receptor-negative and receptor-positive cells, using cell
line-specific microsatellite markers for semiquantitative
analysis (41, 42).

In vivo, the release of the radicals can also occur in
the bloodstream before the targeting is completed,
impeding the efficacy of the therapy. In fact, the plasma
half-life of the ester bond appears to play a key role in the

Early tests with SST octapeptide analogs indicated
that certain modifications at the amino terminal can be
done without a severe loss of binding affinity (12, 13, 17).
Thus, we linked DOX and AN-201, which are fairly large
molecules, to the amino terminal of RC-160 and RC-121
to form cytotoxic SST hybrids. Binding assays demon-
strated that in spite of the bulkiness of DOX, the conju-
gates AN-162 and AN-163 containing DOX displayed an
affinity to receptors for SST on membrane preparations of
rat pituitary in the nanomolar range (18). Analogs AN-238
and AN-258 containing AN-201 had IC50 values of 23.8
nM and 80.1 nM, respectively. However, IC50 values for
AN-238 were found to be between 1 nM and 10 nM on a
variety of tumor membranes. The conjugates were also
able to effectively inhibit growth hormone-releasing hor-
mone or forskolin-induced growth hormone release at
nanomolar concentrations, as determined in perifused rat
pituitary cell system in vitro (18).

Various chemical linkages have been used to couple
DOX to peptidic or other carriers without loss of its anti-
neoplastic activity. These include the sodium periodate
oxidation followed by reductive alkylation at the dauno-
samine sugar moiety (31), the use of spacer arms that are
acid sensitive such as cis-aconitic acid (32) and maleimi-
docaproyl hydrazone (33), or enzyme sensitive like the
tetrapeptides ALAL (34) and GPLG (35). Self immolative
spacers based on 1,4- and 1,6-elimination (36) or
trimethyl lock lactonization (37) were also used with suc-
cess. Because 14-O-esters of DOX are relatively stable
(38), and 14-O-glutaryl esters can be also used to link
daunosamine-modified DOX derivatives such as AN-201
to free amino groups on carriers, we synthesized
N-Fmoc-DOX-14-O-hemiglutarate and 2-pyrrolino-DOX-
14-O-hemiglutarate (18). These DOX derivatives were
then coupled to the amino terminal of [Lys(Fmoc)5]-
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riers RC-121 and RC-160. The ester bond between the 14 OH group of the cytotoxic radical and glutaric acid is indicated by a shaded
area. P denotes the peptide carrier. (Modified with permission from Proc Natl Acad Sci USA 2000, 97: 829-34. Copyright National
Academy of Science 2000.)



sst3 on a wide variety of tumors and their vasculature
(3, 20, 48-50) provides a firm rationale for introducing a
new therapeutic approach based on targeting chemother-
apeutic agents to these receptors (3, 20). Latest results of
our studies with AN-238 and AN-162, consisting of carri-
er RC-121 linked to AN-201 or DOX, respectively,
demonstrate that these targeted cytotoxic SST analogs
are more effective and less toxic than their corresponding
cytotoxic radicals even in experimental tumor models
expressing a relatively low density of SST receptors
(20, 48).

Prostate cancer

Prostate cancer is the most common noncutaneous
malignancy in men. The prognosis of patients with andro-
gen refractory prostate cancer is very poor, and no effec-
tive treatment exists at present (3, 51). Although the nor-
mal prostate gland expresses sst2, this subtype seems to
vanish during cancerous transformation (52). Neverthe-
less, high affinity binding of radiolabeled RC-160 could be
demonstrated on 50 of 80 (65%) primary prostate cancer
specimens (53) and we found the expression of sst2 on
14% and sst5 on 64% of 22 samples tested (53). Suc-
cessful scintigraphic imaging of metastatic lesions with
Octreoscan also indicate that although the density of
receptors for SST on metastases of prostate cancer may
be low, it could be adequate for targeted therapy with
cytotoxic SST analogs (54).

The antitumor efficacy of the targeted cytotoxic SST
analog AN-238 was first evaluated on the very aggressive
androgen-independent Dunning R-3327-AT-1 prostate
carcinoma in Copenhagen rats. At a well-tolerated dose
of 300 nmol/kg, AN-238 produced a > 80% decrease in
tumor weight and significantly decreased tumor burden
4 weeks after therapy. In contrast, the cytotoxic radical
AN-201 showed only a weak effect at 110 nmol/kg and
killed 9 of 10 animals at 115 nmol/kg within 12 days.
mRNA for rat sst2 was identified in Dunning R-3327-AT-1
tumors, and high affinity binding of AN-238 to tumor mem-
brane preparations was characterized with an IC50 value
of 1.63 ± 0.33 nM (Table I) (44).

Similarly, impressive results were obtained in nude
mice bearing androgen-independent PC-3 human
prostate cancers. In two separate studies, nude mice with
subcutaneously grown PC-3 tumors were treated with a
single dose of 200 nmol/kg or two consecutive injections
of 150 nmol/kg of AN-238. In both experiments, AN-238
reduced final tumor volumes, tumor weights and tumor
burden by more than 60%. Histological examination of
tumors revealed that the effect of AN-238 is mainly due to
a significant increase in the number of cells undergoing
apoptosis. This is important because the growth of
prostate cancer is associated with a low rate of apoptosis
rather than a high rate of mitosis. In accord with the
known chemoresistance of androgen refractory prostate
cancer, AN-201 was ineffective and more toxic. In the
metastatic model of PC-3, treatment with AN-238 at

efficiency of this type of targeting (18, 43). A longer
half-life apparently allows a more complete targeting and
produces a higher concentration of the conjugate in SST
receptor-positive normal and cancerous tissues. A possi-
ble damage to receptor-positive normal cells seems to be
less harmful than the myelosuppression caused by a non-
targeted cytotoxic agent, and consequently, a better tar-
geting is accompanied by a lower toxicity. Thus, we found
a much lower toxicity of cytotoxic SST analog AN-238 in
rats in which the half-life of the ester bond is > 60 min,
compared with its cytotoxic radical AN-201 (44). In con-
trast, the toxicity of the conjugate was found to be only
slightly lower in mice in which the half-life of the ester
bond is ~ 20 min (20). We demonstrated in mice that by
extending the plasma half-life of the ester bond from 20 to
70 min by an esterase inhibitor, the same tolerance pat-
tern can be produced as in rats (42, 43). Receptor-
mediated action of AN-238 was also demonstrated in
mice with suppressed esterase activity by blocking the
SST receptors with an excess of carrier RC-121 prior to
administration of AN-238 at a high dose. Such a dose is
tolerated when the receptors are available (42, 43), but
despite the prolonged half-life, AN-238 was lethal in this
model, indicating that when receptors are occupied a
toxic dose of cytotoxic radical is eventually released by
hydrolysis in the circulation. Others also reported that effi-
cient targeting of DOX conjugates can be achieved with
plasma half-lives ranging from 0.2-24 h, the optimal being
about 2 h (37). Because the half-life of the DOX-14-O-glu-
taryl ester bond in human plasma in vitro is approx. 2 h,
the mouse model with pharmacological inhibition of
esterase activity can also serve as a more accurate pre-
clinical model to predict possible therapeutic effects in a
clinical setting (43). In view of the fact that the plasma
half-life of our carrier SST octapeptides is also about 2 h,
the use of 14-O-glutaryl esters of DOX or its
daunosamine-modified derivative AN-201 appears to be
a reasonable choice.

Therapeutic application

Recent developments in SST receptor subtype deter-
mination and a better understanding of the mechanism of
the antiproliferative action of SST octapeptide analogs
helped to identify patients with tumors who may benefit
from SST hormonal therapy (6). However, with the excep-
tion of growth hormone producing pituitary adenomas
and certain neuroendocrine tumors such as carcinoids,
the results of clinical treatment with SST analogs are not
satisfactory (45). Most of these tumors eventually escape
from SST analog treatment (45). Extensive experimental
and clinical experience with radionuclide SST analogs in
neuroendocrine and other SST receptor-positive tumors
indicate that by targeting radiopharmaceuticals to tumor
cells, better response rates could be achieved (15, 16,
46, 47). Because chemotherapy is one of the main
modalities for the treatment of various cancers, especial-
ly metastatic and inoperable, the presence of sst2, sst5 or
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screening mammography significantly improves the cure
rate, estrogen-independent metastatic breast cancer still
poses an enormous challenge to oncologists, especially
in patients with chemoresistant tumors (57). The pres-
ence of SST octapeptide-preferring subtypes on human
breast cancer specimens has been thoroughly investigat-
ed by several research groups (57). While a nonhomoge-
neous receptor distribution was demonstrated by in situ
hybridization and receptor autoradiography in 28 human
breast cancer specimens (58), immunocytochemical
staining of 33 primary breast tumors with polyclonal
anti-sst2 antibodies showed that in 85% of the specimens
receptor immunoreactivity was uniformly present in near-
ly all cancerous cells (59). Consequently, the patients with
breast cancer could benefit from treatment with analogs
such as AN-238, which may release the cytotoxic radical,
in part, in the interstitial space of tumor tissue affecting
both receptor-positive and neighboring cells by bystander
effect.

To investigate the efficacy of SST receptor targeting in
human breast cancer, nude mice bearing xenografts of
estrogen-sensitive MCF-7-MIII, estrogen-independent
MDA-MB-231 and MX-1 (also DOX-resistant) tumors
were treated with a single i.v. injection of AN-238 or
AN-201 at 250 mnol/kg (57). In the MCF-7-MIII model,
3 of 8 tumors showed a regression, even 60 days after
the administration of AN-238, while all tumors grew
steadily in the group treated with AN-201. In the
MDA-MB-231 model, 4 of 13 tumors showed an apparent
initial regression after treatment with AN-238 that lasted
for about 2 weeks. AN-201 again had no effect on tumor
growth. Both AN-201 and AN-238 showed a very strong
inhibition on the growth of MX-1 tumors. After 60 days,
5 of 10 animals in the AN-238-treated group and only 1 of
9 mice in the AN-201 group were tumor free. Because
chemoresistance is a major problem in the management
of breast cancer in patients, it is important to point out that
AN-238 is active on DOX-resistant tumor cells. In all 3
experiments, AN-201 was again more toxic as assessed
by animal deaths and white blood cell counts (57).

Brain tumors

Glioblastomas represent the most common form of
primary brain tumors and are considered incurable. Low
grade glioblastomas express sst2 (60) and radionuclide
SST analog therapy in patients with such tumors shows
promising results (46).

Because U-87 MG human glioblastomas express
receptors for SST, we tested AN-238 in both subcuta-
neous and orthotopic models in nude mice (61). Animals
with large (> 500 mm3) subcutaneous xenografts were
treated with a single injection of AN-238 or AN-201 at 150
nmol/kg i.v. Nineteen days later, the group injected with
AN-238 showed an 82% tumor growth inhibition com-
pared with controls (p = 0.00168). This tumor inhibition
could be reduced to 37% by blocking of SST receptors
with a high dose of RC-160 given prior to treatment with

150 nmol/kg given twice had an even greater effect on the
weight of orthotopically grown tumors, producing a 77%
reduction. In addition, no retroperitoneal or distant metas-
tases could be observed 4 weeks after the initiation of
therapy with AN-238. In contrast, cancer spread was
detected in all control animals and 4 of 6 mice treated with
an equimolar dose of AN-201 (55). The presence of
mRNA for sst2 and sst5 was found in all PC-3 tumor sam-
ples, the levels of mRNA for sst5 being much higher in pri-
mary orthotopic and subcutaneous tumors.

Renal cell carcinoma

Renal cell carcinoma (RCC) often remains occult dur-
ing the progression of the disease and is diagnosed main-
ly at an advanced stage, when metastatic spread cannot
be prevented by surgical intervention. The prognosis for
metastatic RCC is dismal because of its resistance to
both chemotherapy and radiotherapy (41).

Because more than 70% of RCCs express high affin-
ity binding sites for SST and its bioactive analogs (56), we
tested the effects of AN-238 on sst2-positive SW-839,
sst5-positive 786-0 and SST receptor-negative CAKI-1
human RCC lines in nude mice (41). High affinity binding
of AN-238 was found on membrane preparations of
SW-839 and 786-0 characterized by IC50 values of
7.38 ± 0.68 and 2.04 ± 0.25 nM, respectively (Table I).
While no significant antitumor effect of AN-238 was
observed on CAKI-1 xenografts, the growth of SW-839
and 786-0 tumors was inhibited significantly. Even more
striking results were obtained with orthotopically grown
786-0 metastatic RCC. Three of 7 mice treated with 3 i.v.
injections of AN-238 at a dose of 150 nmol/kg biweekly
were found to be tumor-free 6 weeks after the initiation of
treatment, and in 3 other animals the tumor mass was
< 30 mg. In 1 mouse, a relatively large tumor mass (320
mg) was found which did not express SST receptors, as
evidenced by a radioreceptor assay. The mean tumor
weight in the group treated with AN-238 was 55.3 ± 44.3
mg, representing an 87% reduction compared with con-
trols, which measured 414.2 mg ± 41.0. More important-
ly, in the AN-238-treated group only the mouse with the
large receptor-negative primary tumor developed lym-
phatic metastases. In contrast, metastases were obser-
ved in 5 of 6 animals in both the control and the
AN-201-treated groups. In all these studies, AN-201 was
again ineffective and more toxic than AN-238, indicating
that the accumulation of the drug in tumors by targeting
may overcome the chemoresistance of RCCs and allevi-
ate the toxicity (41). A selective cytotoxic effect of
AN-238, but not of AN-201, on sst5-positive 786-0 cells
could also be demonstrated in vitro when these cells were
mixed with SST-negative CAKI-1 cells (41).

Breast cancer

Over half a million breast cancer cases are reported
worldwide each year. Although an early detection by
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duced a very impressive 91% growth inhibition compared
with controls. Therapy with an equimolar dose of AN-201
again did not produce significant antitumor effect and was
more toxic than AN-238. Because tumor vasculature from
the host could be the target for AN-238, we evaluated the
RNA extract from the control tumor specimens for mRNA
for the mouse sst2 and sst5 subtypes and found a strong
expression of the former.

These results are the first examples of a successful
targeted therapy based on SST receptors in tumor vas-
culature in an experimental model in which tumor cells
themselves are SST receptor-negative (62). Similarly
impressive results were obtained when the endothelial
cells of angiogenic vessels were targeted with a different
peptide-DOX conjugate that specifically homes in on
tumor blood vessels (63).

Pancreatic cancer

One of the natural target organs of SST is the pan-
creas and, accordingly, this organ expresses high levels
of SST receptor subtypes sst2 and sst5 (64). Hormone
producing endocrine pancreatic tumors also express
these subtypes, and administration of SST analogs is a
widely accepted treatment for these types of malignancy
(3-6). With the exception of some insulinomas, most
endocrine pancreatic cancers can be visualized and
treated with radionuclide SST analogs (15, 16). However,
the cancer of the exocrine pancreas seems to be totally
different from endocrine tumors with regard to SST recep-
tor expression. Although there are some conflicting
reports on this subject, SST binding sites appear to be
poorly or not at all detectable on many of these cancers.
Loss of sst2 mRNA expression and lack of effect of SST
analog therapy (64, 65) also demonstrate the difference
between exocrine and endocrine pancreatic cancers.
Presently there is no treatment for advanced metastatic
pancreatic adenocarcinoma and the median survival time
of patients with this malignancy is about 2-5 months (65).

Because some studies indicated a binding of a
radionuclide SST octapeptide to pancreatic cancers in
patients (66), and the expression of mRNA for sst5 and
sst3 was also reported (64), we tested AN-238 on human
pancreatic cancer lines xenografted in nude mice that
express these subtypes (67). We were able to demon-
strate very good tumor inhibition with AN-238, while
AN-201 was ineffective (details of this study will be
published soon).

Loss of sst2 expression in pancreatic cancers could
be connected with the proliferation of cells. To test this
theory, PC-1.0 cells, originating from chemically induced
ductal pancreatic cancers in Syrian golden hamsters,
were stably transfected with the sst2 gene to produce PC-
1.0/sst2 cells (67). It was demonstrated that after ortho-
topic injection in hamsters, PC-1.0/sst2 cells grew signifi-
cantly more slowly than control PC-1.0 cells. When
animals with sst2-expressing tumors received an i.v. injec-
tion of AN-238 at 100 mnol/kg, tumor growth was further

AN-238. AN-201 was ineffective. In the same study, mice
bearing very large tumors (approx. 900 mm3) were given
2 injections of AN-238 or AN-201 at doses of 150
mnol/kg. Nineteen days after the first injection, tumors
shrank by 30% in the AN-238-treated group, while
AN-201 again had no effect on the progression of tumor
growth. In both studies, AN-201 was also more toxic. In
an additional study, the effects of AN-238 at 150 mnol/kg
were compared to those of its DOX-containing counter-
part AN-162 (Fig. 1) at 13,750 nmol/kg, representing an
equitoxic dose. While the relatively large tumors treated
with AN-162 grew steadily, AN-238 virtually arrested
tumor growth. In the second part of the experiment, ani-
mals with tumors that had already been treated unsuc-
cessfully with AN-162 received AN-238 or a second dose
of AN-162. While tumors in the AN-162-group continued
to grow, AN-238 caused an impressive shrinkage (61).
These results are in agreement with the fact that brain
tumors are resistant to therapy with DOX. We also tested
the efficacy of AN-238 injected into the tail vein of mice
bearing orthotopically grown U-87 MG tumors. Again,
AN-238 produced a significant prolongation of survival
time compared with controls, indicating that the tumor
blood-brain barrier may be penetrable for the cytotoxic
SST analog AN-238.

AN-238 bound to the receptors present in U-87 MG
tumors with high affinity (IC50 = 3.67 ± 0.46, Table I) (61)
and sst2 was determined as the receptor subtype by
mRNA analysis.

Small and non-small cell lung carcinomas

Small cell lung cancer (SCLC) constitutes only about
20% of all lung cancers, but most cases are already
metastatic at the time of diagnosis. Although chemother-
apy can be used for treatment, the long-term survival rate
is low. SCLC is of neuroendocrine origin and, according-
ly, a high percentage of primary tumors and metastatic
lesions can be localized in patients with Octreoscan
scintigraphy (15). Other types of lung cancer, classified
together as non-SCLC, can also be visualized by
Octreoscan in patients, but the receptors for SST were
found only in peritumoral tissue (blood vessels, immune
cells, etc.) and not on tumor cells (15).

To test the merits of SST receptor targeting in SCLC,
we injected nude mice bearing H-69 SCLC xenografts
(~ 350 mm3 in size) with a single dose of AN-238 or
AN-201 at 200 nmol/kg or twice with 150 nmol/kg i.v.
AN-238 produced a > 50% inhibition of tumor growth with
both treatment schedules and was significantly (p <0.05)
more effective than AN-201, which was also more toxic
(62). H-69 tumors bound radiolabeled RC-160 and
expressed high levels of mRNA for sst2 and lower levels
for sst5. In contrast, we could not find mRNA for sst2, sst5
or sst3 in H-157 non-SCLC tumors and in cultured cells,
but radioreceptor assays indicated that 4 of 5 control
tumors showed specific binding of radiolabeled RC-160.
Treatment with AN-238 at a dose of 200 nmol/kg also pro-
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Conclusions

The results of preclinical studies and clinical trials with
SST octapeptides and their radionuclide analogs indicate
that the receptors for these peptides are present on a
wide variety of cancerous cells. Although the SST recep-
tor concentration on prostatic, renal, ovarian or pancreat-
ic cancers appears to be much lower than on neuroen-
docrine cancers, it still should be high enough to produce
significant responses to chemotherapy with targeted cyto-
toxic SST analogs. This targeted chemotherapy should
be associated with a higher efficacy and lower toxicity
than systemic chemotherapy. The presence of receptors
for SST on the endothelial cells of newly formed tumoral
vasculature and peritumoral veins may also serve as tar-
gets for cytotoxic SST conjugates, further broadening the
scope of this type of therapy.

Although additional experimental work with cytotoxic
SST hybrids is necessary before the initiation of clinical
trials, the results summarized in this review indicate that
analogs such as AN-238 or AN-162 should result in major
improvements in the clinical management of various can-
cers that are presently treated with systemic chemother-
apeutic agents.
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