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The discovery of hypothalamic hormones, especlally LH-
RH and somatostatin has led to practical clinical use of
their analogs in the fleld of cancer treatment. Bombesin/
GRP antagonists can be also considered for the develop-
ment of new methods for treatment of various tumors.
The understanding of functions of these peptide hor-
mones and the availability of their synthetic analogs
should permit the cliniclans to treat a varlety of cancers
more successfully than in the past.
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Introduction

The discovery of hypothalamic hormones achieved
during the last few decades’ and the ready avail-
ability of their synthetic analogs permits clinicians
to diagnose and treat a variety of endocrine and
reproductive diseases and conditions much better
than in the past. No less important is the develop-
ment of new hormonal methods for the therapy of
various cancers based on analogs of various hypo-
thalamic hormones, which has been proceeding for
the past 15 years.>3

I have been asked to give my account of the
events dealing with some of my contributions to
these fields. It is my hope that the material covered
will be a source of learning, and a stimulus for future
experimental and clinical research.

Delivered in Montreal, Quebec, Canada, on 5 November 1993, as
part of the Foundations of Medical Science lecture series and the
Heinz Lehmann lecture series, celebrating the 50th anniversary of
the Department of Psychiatry of McGill University.

© 1994 Rapid Communications of Oxford Ltd

Corticotropin-releasing factor (CRF)

I was attracted into the hypothalamic endocrine
field in the mid 1950s while still an undergraduate
student at McGill University in Montreal. I was given
the opportunity to work with Murray Saffran in the
laboratory of experimental therapeutics of the Allan
Memorial Institute of Psychiatry headed by Dr RA
Cleghorn. The work at this laboratory was devoted
to ACTH and adrenal cortical steroids.* That period
marked the beginning of my interest in the relation-
ship between brain function and endocrine activity,
and it was there that my involvement in the hypo-
thalamic field began.

A decisive stimulus was provided by the brilliant
hypothesis of Harris and others>® concerning the
hypothalamic control of secretion of the anterior
pituitary gland. Harris postulated that neurohumor-
al substances might originate in the median emi-
nence of the tuber cinereum, penetrate to the
anterior lobe by way of the hypophysial portal
blood supply and thus regulate pituitary secre-
tion.>® There were other theories too at that
time, but we reached the conclusion that the hypo-
thalamic theory explained most of the experimental
facts. However, it was obvious that despite a strong
circumstantial case favoring this hypothesis, it
would remain speculative until direct evidence for
the existence of hypothalamic chemotransmitters
controlling release of pituitary hormones could be
demonstrated.

In the beginning it was not possible to isolate
these substances because of lack of specific meth-
ods for the detection of their activity. We sought to
provide evidence for this theory by demonstrating
an unequivocal direct effect of hypothalamic sub-
stances on the pituitary. We were encouraged by the
success of the in vitro assay system for ACTH based
on incubation of rat adrenal glands.* Working with
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the isolated adrenals of the rat, we have developed
a method for the assay of ACTH based on the sti-
mulation of the formation of corticoids by the ad-
dition of ACTH to the tissue. It is possible to divide
the adrenals into quarters and then assign two flasks
to each dose in an eight-flask assay. The adrenal
corticoids released during the incubation were ex-
tracted with methylene chloride and measured in a
spectrophotometer. This test enables us to measure
ACTH activity quickly and easily.*

Our success with the isolated adrenal glands en-
couraged us to attempt the utilization of the isolated
rat anterior pituitary gland in a test for the putative
CRF in the hypothalamus (Figure 1).” The pituitary
of a rat was cut in two halves. One half of the
anterior lobe of the pituitary served as the control
tissue to indicate the level of secretion of ACTH by
the isolated tissue. The other half was exposed to
the materials under test. Then, the response of the
adrenal was used to measure the ACTH liberated by
each half of the pituitary. We found that hypotha-
lamic or posterior pituitary tissue added along with
either adrenaline or noradrenaline significantly in-
creased the rate of liberation of ACTH.” We chose to
explore then the known hormones of the posterior
pituitary for activity in this system as well as poster-
jor pituitary and hypothalamic extracts. We found
that hypothalamic or neurohypophysial extracts ad-
ded to anterior pituitary tissue caused a clear in-
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Flgure 1. A diagrammatic representation of the in vitro test
system for the detection of hypothalamic hormones and
factors controlling the release of anterior pituitary hor-
mones. (From © Les Prix Nobel en 1977, p. 202, with
permission of the Nobel Foundation.)
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crease in ACTH release.®’ We ‘knew’ then that
the existence of a substance which stimulated the
release of ACTH had been demonstrated experi-
mentally for the first time. We named it CRF.2® Va-
sopressin had some activity, but when it was further
purified, it lost its CRF activity.®® The activity in the
original vasopressin was found in one of the impur-
ities separated from the vasopressin spot by paper
chromatography.®® Using protopituitrin, a posterior
lobe preparation as starting material, we separated a
small amount of CRF by consecutive chromatogra-
phy in four different solvent systems.® The purified
CRF was active in our test system in low doses and
did not require noradrenaline for activity.” We ob-
tained evidence that CRF was a polypeptide,” but
despite 7 years of effort, 2 years with M Saffran in
Montreal and 5 years with R Guillemin in Houston,
we were unable to isolate enough material for the
determination of its structure.

In that period, techniques such as high perfor-
mance liquid chromatography (HPLC) and micro-
determination of the structure of peptides on a
microscale were simply not available and the struc-
ture of CRF was not elucidated until some 25 years
later, when Vale and collaborators'® reported the
isolation, characterization and synthesis of ovine
CRF. At that time, we were already deeply involved
in our work on cancer, but we isolated and deter-
mined the amino acid sequence of porcine CRF.!!
Since the term ‘factor’ was meant to apply to sub-
stances whose activity cannot be ascribed to a spe-
cific chemical structure, the name corticotropin
releasing hormone (CRH) should now be used. The
nomenclature followed by most neuroendocrinolo-
gists and clinicians employs the name releasing
hormone (RH) for those hypothalamic substances
which have had their structures determined and
which have been shown to be likely physiological
regulators of secretion of respective anterior pitui-
tary hormones.!'*?

During the intervening time, I started work on
other hypothalamic hormones.'? The in vitro pitui-
tary incubation system, developed for CRF proved
to be useful for demonstrating the existence of hy-
pothalamic hormones regulating the secretion of
TSH, LH, FSH and GH (Figure 1).}!?

In 1962, after I moved to VA Hospital and Tulane
University, New Orleans, I made arrangements for
procurement of the hundreds of thousands of hy-
pothalami of pigs, necessary for purification of use-
ful quantities of hypothalamic hormones and I was
able to obtain about a million pig hypothalami. This
enabled us to undertake a large-scale effort aimed at
the purification of amounts of material adequate for



chemical characterization. We systematically inves-
tigated the purified fractions for the presence of
materials, which would control the release of
TSH, LH, FSH and GH, since the discovery of CRF
opened the way to their demonstration.'?

Thyrotropin-releasing hormone (TRH)

Having demonstrated the presence of TRH in pig,
beef and human hypothalami,'*!* we undertook
its purification with the help of CY Bowers and TW
Redding.'® In 1966, we isolated TRH from 100000
pig hypothalami and showed that TRH had three
amino acids, i.e. glutamic acid, histidine and pro-
line, which established for the first time that it was a
peptide.'® In 1969, we solved the structure of por-
cine TRH and synthesized it."> The structural work
of Burgus, Guillemin and collaborators on ovine
TRH paralleled that of our group and they elucida-
ted1 6the structure of ovine TRH a few weeks after
us.

We carried out the clinical studies using TRH and
showed that it stimulated TSH release in humans.’
After synthetic TRH became available, it was estab-
lished that TRH is very useful diagnostically for the
evaluation of the pituitary—thyroid function.’''®

Hypothalamic bormones

Luteinizing hormone-releasing hormone
(LH-RH)

After identification of TRH, we increased our efforts
on LH and FSH releasing hormone. My interest
became intensified further by the idea that the dis-
covery of LH-RH might open up new possibilities
for the inhibition and stimulation of fertility at the
level of the brain. Evidence for the existence of LH-
RH and FSH-RH in hypothalamic extracts was pro-
vided in the early 1960s by SM (Don) McCann,'® my
group'? and others.?® This started a race for the
isolation and structure of LH-RH between several
groups.

It was initially thought that LH-RH and FSH-RH
activities were due to two separate substances.!? We
purified some LH-RH from porcine hypothalami and
in view of its relative purity and absence of toxicity,
it was decided to test it in humans. These studies
carried out in 1968 and 1969 in Mexico unequivo-
cally established that highly purified LH-RH re-
leased LH and FSH in men and women under a
variety of conditions.?"*? Realizing that LH-RH
might be useful clinically, we intensified our efforts
to establish its structure. The efforts of my group
resulted in the first isolation of LH-RH from pig
hypothalami, elucidation of its amino acid se-
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Figure 2. Molecular structure of LH-RH/FSH-RH.
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quence and its synthesis.?>?® The structure of LH-
RH/FSH-RH, also called gonadotropin releasing
hormone (Gn-RH), is shown in Figure 2. Synthetic
LH-RH stimulated the release of LH and FSH in vivo
in rats and iz vitro.*®?° Clinical studies demonstra-
ted that in human beings, synthetic LH-RH also
raised plasma LH and FSH levels.?*°

Because both natural and synthetic LH-RH re-
leased FSH as well as LH, we proposed that one
hypothalamic hormone could be responsible for
this dual effect.?®?° This concept is now supported
by much evidence. Intense activity in the synthesis
of LH-RH all over the world followed our announce-
ment of its structure. The interest in possible
medical applications of LH-RH stimulated various
groups including ours to synthesize some 3000 LH-
RH analogs.'?'~3? The aims were to develop ana-
logs with prolonged biological activity, so that they
would be more useful therapeutically than LH-RH
itself, and to obtain antagonistic analogs which
could form the basis of new birth control methods.>!

However, at that time we could not imagine the
impact and the variety of applications, including
major uses in oncology, that LH-RH analogs would
eventually have.'™

Synthetic LH-RH is used as a diagnostic agent for
evaluating hypothalamic—pituitary gonadotrophin
function.’ '®3* LH-RH permits the assessment of the
disorders of the hypothalamic—pituitary axis both in
men and women.!"'®3! Synthetic LH-RH itself is also
used for induction of ovulation. During the past few
years, several investigators have used automatic
portable pumps designed to deliver pulses of syn-
thetic LH-RH, and have demonstrated the effective-
ness and safety of this mode of ovulation induction
in patients with hypothalamic amenorrhea.>*

Several LH-RH analogs substituted in positions 6,
10 or both are much more active than LH-RH and
also possess prolonged activity.>>>?738 Of these,
the most important are [D-Trp®JLH-RH (Decapep-
tyl, ’I‘riptorelin),1_3‘31'34 [D-Leu®, Pro® NHEtLH-RH

(Leuprolide, Lupron),®®  [p-Ser(Bub®,  Pro’-
NHEtLH-RH (Buserelin),’® [p-Ser(Bu")®, Aza-
Gly'"ILH-RH (Zoladex, Goserelin),” and [p-

Nal(2)°]LH-RH (Nafarelin),® which are 50-100
times more potent than LH-RH. Various investiga-
tors have determined that large doses of superactive
agonistic analogs of LH-RH cause paradoxical anti-
fertility effects in animals and human beings.>*~*!
The phenomena of down-regulation of pituitary
receptors for LH-RH, desensitization of pituitary
gonadotropes and inhibition of sex steroid levels
by LH-RH agonists are being used for treatment
of precocious puberty, endometriosis, leiomyo-
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mas, benign prostate hyperplasia and other condi-
tions.">3*3* " Chronic administration of LH-RH
agonists is being utilized to induce the regression
of hormone-dependent malignant neoplasms, espe-
cially prostate and breast cancer, ovarian cancer,
and, more recently, endometrial carcinoma,!-3:34:42
LH-RH agonists are also being used in in vitro fer-
tilization and embryo transfer (IVF-ET), gamete in-
tra-fallopian transfer (GIFT) and polycystic ovarian
disease. 34344

Potent inhibitory analogs of LH-RH, which block
ovulation in laboratory animals, have been synthe-
sized.*~*7 Several antagonists of LH-RH, such as
SB-75 (Cetrorelix), have been tested in men and
women, and shown to be active enough for prac-
tical use.*® 5% It is probable that the LH-RH antago-
nists will be useful for treatment of precocious
puberty and endometriosis, and for management
of breast, ovarian and prostate carcinoma, 345!
The approach based on analogs of LH-RH has been
proved feasible for the development of new meth-
ods of birth control, but the exact clinical regimens
are still lacking.>* Thus, the discovery of LH-RH has
led to many practical clinical uses and analogs of
LH-RH have various important applications such
as the treatment of hormone sensitive tumors. On-
cological uses of the agonistic and antagonistic
analogs of LH-RH, in specific malignancies are
reviewed below.

Somatostatin

The presence of somatostatin in hypothalamic ex-
tracts was first established by Krulich and
McCann.’? In 1973, Brazeau et al. isolated from
sheep hypothalami a tetradecapeptide, which inhib-
ited the release of growth hormone (GH) in vitro
and in vivo, and which they named somatostatin.>?
They also established its structure.>® Subsequently,
we isolated and determined the structure of porcine
somatostatin, the structure of which was identical to
ovine.>® We also isolated a larger form of somato-
statin from pig hypothalami with amino-terminal
extension, that is somatostatin 28.%> Somatostatin
14 and 28 also suppress the secretion of glucagon
and insulin and decrease the release and action of
gastrin and other GI hormones.>'®34%® somatosta-
tin is present in discrete cells of the pancreas,
gastric mucosa, duodenum and other tissues, and
may play an important role in the regulation not
only of the pituitary, but also of the endocrine
pancreas and gastrointestinal tract. 3185657 soma-



tostatin appears to be an endogenous growth
inhibitor.’”** Somatostatin was synthesized by
several groups, including ours.’¥>°

Somatostatin itself is of little therapeutic value
because it has multiple actions and a short biolo-
gical half-life. However, our group and others pro-
duced superactive analogs of somatostatin with
prolonged and more selective activity #3:37:58:00-62

Epilogue and reflections on the work on
neuroendocrinology

Following the isolation, structural elucidation and
synthesis of TRH, LH-RH and somatostatin, the
hypothalamus suddenly rocketed to the top of the
endocrine popularity list. The domination of various
US and foreign endocrine meetings by papers on
TRH, LH-RH and somatostatin had been remark-
able. I have had the satisfaction that my work in
the hypothalamus was honored by top US and Ca-
nadian awards, and a share of the Nobel Prize in
Physiology and Medicine for 1977.

The Nobel Prize made it possible for me to meet
with top medical leaders in various countries and to
become acquainted with international health
problems, among them cancer. In one of my lec-
tures in Manilla, the Philippines, 1 presented our
work on the production of antisera to LH-RH,
which were made for a variety of immunological
and immunocytochemical studies.®®> Male rabbits
that were actively immunized with LH-RH devel-
oped a marked testicular atrophy associated with
aspermatogenesis.®® Since breast cancer as well as
prostate cancer are well known to be sex-steroid
dependent, I was encouraged to produce liters of
LH-RH antisera in horses for treatment of women
with breast cancer in the Philippines.

However, our approach to treating cancer was
based on synthetic peptide chemistry, the making
of synthetic super analogs of LH-RH and somato-
statin, inasmuch as in the preceding years, we be-
came profoundly influenced by the enormous ac-
tivity of these analogs.'™33145575861  gince
previously I also collaborated in clinical trials on
various endocrine tumors,3'm'57'(’4 I thought that it
would be scientifically foolish not to take advantage
of the high activity of both agonistic and antagonis-
tic analogs of hypothalamic hormones, and after
1978 1 became more and more interested in their
therapeutic applications in the cancer field.

Hypothalamic hormones

Oncological applications of analogs of
hypothalamic hormones

I will review now some of our experimental and
clinical studies on endocrine-dependent or hor-
mone-sensitive cancers. Originally only breast can-
cer and prostate cancer were thought to be
hormonally dependent.” Now the list of hor-
mone-sensitive malignant neoplasms includes exo-
crine ductal pancreatic cancer, epithelial ovarian
cancer, endometrial carcinoma, gastric cancer, co-
lon cancer, tumors of the bone and cartilage such as
osteo and chondro-sarcomas, small cell lung-carci-
noma (SCLC), which represents about 25% of all
lung cancers, and other tumors.? Even brain tumors
may be hormone sensitive. For those cancers which
are endocrine-dependent, various exogenous hor-
mones can be used to nullify the effects of endo-
genous hormones or growth factors which are
responsible for the growth of these malignan-
cies.>>57

Hormonal therapy, in contrast to radiation and
chemotherapy, is relatively free of side effects.’
Moreover, the therapy proposed by us is based on
the peptide analogs of hypothalamic and other hor-
mones, and peptides as a class of compounds, have
fewer side effects than steroids, synthetic estrogens
like DES, antiestrogens or antiandrogens.?

Prostate cancer

Introduction. Carcinoma of the prostate is the most
common malignancy in the American male and the
second leading cause of death from cancer among
adult men.®®> About 70% of human prostate cancers
are testosterone-dependent. The treatment of ad-
vanced (stage C or D) prostate cancer is usually
based upon androgen dependence of the tu-
mor.>3%%%7 Endocrine therapy for carcinoma of the
prostate includes orchiectomy and the administra-
tion of estrogen or antiandrogens.?>®” However,
surgical castration is associated with a psychologi-
cal impact while estrogens have cardiovascular, he-
patic and mammotropic side effects. A new,
radically different endocrine therapy without appar-
ent toxicity is based on the use of agonistic analogs
of LH-RH.?*%® The first clinical study with LH-RH
agonists in men with prostate cancer was carried out
by Tolis et al®® in 1980-81 and was based on ex-
perimental studies performed in my laboratory.69
This and other clinical trials documented a fall in
testosterone levels, and marked subjective and ob-
jective improvement in patients with stage C or D
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prostate carcinoma after treatment with agonistic
analogs, [D-Trp-6]LH-RH (Decapeptyl), Buserelin,
Leuprolide and Zoladex.”*7>

Development of long-acting delivery systems. Initi-
ally, superagonists of LH-RH were given daily by
the subcutaneous or intranasal route.®®7%"7% Sub-
sequently, we developed a long-acting delivery
system for [D-Trp6]LH-RH in microcapsules of
a biocompatible, biodegradable polymer, poly
(pr-lactide-co-glycolide), designed to release a
controlled dose of the peptide over a 30-day
period, 13457677

Normally the microcapsules contain 2—-6% of ana-
log and 94-98% polymer, but now up to 20% of
peptide analog can be incorporated into microcap-
sules or microgranules.** Microcapsules of peptide
analogs that can be injected once a month make the
treatment of patients not only with malignancies,
but also other conditions, more convenient.>? The
first trial with microcapsules of [D-Trp®ILH-RH in
men with prostate cancer carried out in England
showed 87% objective response in the microcap-
sule treated group versus 81% for total orchidect-
omy.”® Other agonists of LH-RH are also used now
in the form of depot preparations.

Present status of therapy with LH-RH agonists. Clin-
ical results accumulated so far indicate that long-
term therapy with agonists of LH-RH is the preferred
alternative to surgical castration or therapy with
estrogens in men with advanced prostate can-
cer.%%79-80 1 2 recent survey, LH-RH analogs were
chosen by more than 70% of patients as primary
treatment.®® However, LH-RH agonists alone®? or
in combination with antiandrogen®'#? will not pre-
vent an eventual relapse.®? Continued investigation
of combinations of LH-RH agonists with somato-
statin analogs, bombesin antagonists or the use
of LH-RH antagonists and LH-RH analogs carrying
cytotoxic radicals may lead to an improvement in
treatment of prostate cancer and an increase in the
survival rate

Growth factors and prostate cancer. Various growth
factors may be responsible for the relapse. IGF
polypeptides (somatomedins) and various growth
factors including epidermal growth factor (EGF),
platelet-derived growth factor (PDGF), transform-
ing growth factor (TGF-o) and others appear to
be involved in the proliferation of both normal and
neoplastic cells or phenotypic transformation of
cells.®>®” Human prostate cancers have receptors
for EGF and IGF.?*® Somatostatin and its analogs
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reduce the levels of growth hormone and IGF-1.%7
Analogs of somatostatin such as RC-160 induce de-
phosphorylation of EGF receptors®® and antagonists
of bombesin also reduce the levels of EGF receptors
on tumors.®® Thus, somatostatin analogs and bom-
besin antagonists might inhibit the growth of pros-
tate cancers by reducing the secretion of
endogenous growth factors or levels of their recep-
tors.%® Experimental results and early clinical find-
ings support this view.

LH-RH antagonists. LH-RH antagonists represent
another class of compounds that may be useful for
treatment of sex-hormone-dependent cancers.
While repeated chronic administration of LH-RH
agonists is required to induce an inhibition of LH
and FSH release and reduction in the levels of sex
steroids, similar effects can be obtained after the
first administration of LH-RH antagonists.>33445
Antagonistic analogs of LH-RH were originally de-
veloped for contraception. Modern antagonists pos-
sess modifications in positions 1, 2, 3, 6, 10 and
others.*> These antagonists act on the same recep-
tor sites as LH-RH and cause an immediate inhibi-
tion of the release of gonadotropins and sex
steroids. Early antagonists had side effects.®>

In order to eliminate the undesirable edemato-
genic effect of the LH-RH antagonists containing
basic p-amino acids at position 6, new analogs with
p-ureidoalkyl amino acids such as p-Cit and p-Hci at
position 6 were synthesized in our laboratory, and
evaluated in vitro and in vivo in several systems in
rats, 235 subhuman primates and, subsequently,
clinically.?>>!

The advantage of the antagonists is based on the
fact that they inhibit LH and FSH and thus sex ster-
oids from the start of administration and thus reduce
the time of the onset of therapeutic effect. The use
of antagonists would also prevent the temporary
clinical ‘flare-up’ of the disease which can occur
with the agonists.“’66

When we treated nude mice bearing xenografts of
human prostate adenocarcinoma PC-82 with the
agonist [D—TrpG]LH-RH or the antagonist SB-75 we
were able to demonstrate that in mice which re-
ceived microgranules of antagonist SB-75 there was
a greater decrease in tumor weight and volume than
that produced by the agonist.”’ Serum levels of
testosterone were decreased by 90% in mice given
the LH-RH agonist and by 94% in response to the
antagonist SB-75.%! Serum levels of prostate-specific
antigen (PSA) were significantly lower in mice trea-
ted with LH-RH analogs, the antagonist SB-75 caus-
ing a greater reduction.”?



Clinical studies with antagonist SB-75 in patients
with prostate cancer and BPH demonstrated a
marked clinical improvement parallel to lowering
of serum testosterone levels to castration values.>!
LH-RH antagonists are already being used for the
treatment of patients with advanced prostate cancer
and benign prostate hyperplasia (BPH).>’

Bombesin/gastrin releasing peptide (GRP) antago-
nists. Another class of antitumor compounds could
consist of antagonists of bombesin/GRP. Bombesin
contains 14 amino acids and was first found in the
skin of the frog Bombina bombina®® and in the
stomach and brain.”® Gastrin releasing peptide,
which has 27 amino acids, is the mammalian equiva-
lent of bombesin,** and is found in the stomach and
gut.>® Both bombesin and GRP are also found in the
hypothalamus.®3°>% Since bombesin and GRP are
produced by various cancers, such as small cell lung
carcinoma®”*® and breast®® and pancreatic can-
cer,’® and could act as autocrine growth factors,
the development of hormone therapy based on
bombesin antagonists should be considered.

We have synthesized more than 200 bombesin/
GRP receptor antagonists with different modifica-
tions at positions 6, 7, 13 and 14, and a pseudopep-
tide bond at positions 13-14.'°! These antagonists
inhibit the binding of labeled GRP(14—27) and Tyr*-
bombesin to the receptors, and are also active in
vivo, 101,102

In nude mice with transplanted hormone-depen-
dent human prostate cancer PC-82, bombesin an-
tagonist RC-3095 and the combination of [p-
Trp®ILH-RH and RC-160 caused a greater inhibition
of tumor growth than [p-Trp®ILH-RH or RC-160
alone.’® Similarly, in nude mice bearing xeno-
grafts of the androgen-independent human pros-
tate cancer cell lines PC-3 or DU-145, tumor
volumes and weights were significantly reduced
by somatostatin analog RC-160 and bombesin
RC-3095.9%1%% In all three human prostate cancer
models, administration of RC-160 or RC-3095 pro-
duced a significant down-regulation of EGF recep-
tors.’%31% QOur results suggest that somatostatin
analog RC-160 and bombesin/GRP antagonist RC-
3095 can inhibit the growth of androgen-indepen-
dent prostate cancer when the therapy is started at
an early stage of tumor development.“"lm'105

LH-RH analogs carrying cytotoxic radicals. Addi-
tional new classes of antitumor drugs are being
developed by us based on LH-RH analogs contain-
ing various cytotoxic radicals such as melphalan
and platinum complexes related to cispla-

Hypothalamic bormones

tin.%3196-198 | H_RH agonists and antagonists carry-
ing various cytotoxic radicals were designed as
targeted chemotherapeutic agents intended for
treatment of cancers that contain receptors for
LH-RH, such as prostate cancer, breast cancer, and
ovarian and endometrial cancer.?3:106-108

Such analogs could exert the effect of agonists or
antagonists and, at the same time, act as chemother-
apeutic agents targeted to the tumor cells by their
peptide portion for which binding sites are present
on the cell membrane. Because the antitumor action
may be exerted to a greater degree locally or at least
at more selective sites that have the cell membrane
receptors, the peripheral toxicity would be reduced.
The availability of cytotoxic compounds linked to
hormonal peptides that can be targeted to certain
cancers possessing receptors for these peptides,
and therefore more selective for killing cancer
cells, could be of significant practical therapeutic
importance.z'3

In an attempt to produce better cytotoxic analogs,
chemotherapeutic-antineoplastic radicals, includ-
ing alkylating nitrogen mustard derivative of p-phe-
nylanine (p-melphalan), reactive cyclopropane,
anthraquinone derivatives (2-hydroxymethyl) an-
thraquinone and anticancer antibiotic adriamycin
(doxorubicin) and an antimetabolite (methotrex-
ate), were coupled to suitably modified agonists
and antagonists of LH-RH which function as
carriers.'® The effects of hybrid cytotoxic LH-RH
analogs produced by linking anthraquinone or
methotrexate to carrier LH-RH agonist [D-
Lys®]LH-RH were evaluated in rats bearing Dun-
ning R-3327H prostate adenocarcinoma.'®® The
cytotoxic LH-RH analogs caused a somewhat
greater tumor growth inhibition than the carrier
peptide, while anthraquinone or methotrexate
alone, administered in equimolar doses, were
ineffective.'%®

Perspectives for improvement in the treatment of
prostate cancer. Our experimental findings suggest
that therapeutic response in men with prostate can-
cer could be further improved by: (i) combination of
a once a month sustained delivery system of LH-RH
agonists with somatostatin analogs; (ii) Modern LH-
RH antagonists like SB-75, particularly in combina-
tion with somatostatin analogs; (iii) cytotoxic LH-RH
analogs (LH-RH agonists or antagonists linked to
cytotoxic radicals), and (iv) bombesin/GRP antago-
nists in combination with LH-RH analogs. Some of
these approaches are being tried clinically in an
attempt to delay or prevent the relapse.®¢:11°
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Breast cancer

Breast cancer is the most common malignancy
among American women and is responsible
for about 46000 deaths annually.65 About 30%
of breast cancers in women are estrogen de-
pendent.>*? Various experimental and clinical
studies suggest that analogs of LH-RH are useful
for treatment of estrogen-dependent breast
cancer. 2421117113 The mechanism of the main ef-
fect of LH-RH analogs is based on estrogen depri-
vation, but some direct antitumor effects of LH-RH
analogs on mammary carcinomas are also possi-
ble,>%? since several groups, including ours, found
LH-RH receptors in human breast cancers.!'4'16
In 260 of 500 breast cancer samples (52%), two
classes of [p-Trp’ILH-RH membrane receptor sites
were also detected, one class showing high affinity
and low capacity, and the second class low affinity
and high capacity.”6 §S-14 receptor was found in
36% of patients''® and is linked with good prog-
nosis.’"” In clinical trials in France, we have used
sustained release formulations of [D-Trp®]LH-RH
for hormonal treatment of women with breast
cancer 2:34:42,118

In one study, 23 patients with advanced breast
carcinoma were treated with the microcapsules of
[D-Trp®JLH-RH.''® Eight patients were pre-meno-
pausal and 15 post-menopausal; five of eight
pre-menopausal patients were estrogen receptor
positive (ER") and three of them responded. Three
of 15 post-menopausal patients also responded; two
of them were ER". These results indicate that the
treatment with [p- Trp’ILH-RH is more efficacious in
ER" patients, in accord with the results of other
studies. The responses recorded in post-menopau-
sal patients suggest that [D-Trp’JLH-RH may have a
direct antitumoral action.>!'® Other studies, includ-
ing a large trial by Kaufman et al.,''? support the
view that LH-RH agonists are efficacious for the
treatment of pre-menopausal women with estro-
gen-dependent breast cancers.''? The women with
breast cancer who do not respond to [p-Trp®ILH-RH
therapy could be treated with somatostatin analogs
such as RC-160.%%7 Somatostatin analogs might in-
hibit breast cancers by reducing release of GH and
interfering with the action, signal transmission or
secretion of endogenous growth factors.>” Our ex-
perimental results®>'*12! suggest that the combi-
nation of LH-RH agonists or antagonists with
somatostatin analogs or bombesin antagonists
could result in an increase in the therapeutic re-
sponse in patients with breast cancer.

In female BDF; mice inoculated with MXT estro-
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gen-independent mouse mammary carcinoma, the
combination of $B-75 or [p-Trp®JLH-RH with soma-
tostatin analog RC-160 caused a greater reduction of
tumor volume or tumor weights than single ana-
logs."'? The finding that LH-RH agonists and antago-
nists and somatostatin analogs inhibit the growth of
estrogen independent mammary tumors and that
combinations are more effective than single ana-
logs might be of practical importance in human
breast cancer therapy.'"”

The growth of estrogen-independent MXT breast
cancers in mice was also powerfully inhibited by
bombesin/GRP antagonist RC-3095, in contrast to
surgical ovariectomy, which had no effect.'?® The
inhibitory effect of the bombesin antagonist on
growth of MXT breast cancers appeared to be
linked with a major decrease in EGF receptor levels
in tumors.'?® Bombesin receptor antagonists like
RC-3095 might be useful for therapy of ER™ breast
cancer, alone or in combination with other agents.

Cytotoxic LH-RH analogs were likewise tested in
mice bearing MXT estrogen- independent mammary
tumors.'*® Cytotoxic LH-RH analogs T-98 and T-
121/B produced a significant inhibition of tumor
growth. Tumor volumes and tumor weight were
significantly reduced.'?® In nude mice bearing
MCF-7 MIII human breast cancer, cytotoxic analog
AJ-04 also inhibited tumor growth (Pinski, Yano and
Schally, in preparation).

Endometrial carcinoma

Endometrial carcinoma is the fourth most common
cancer in American women.*? Surgery or radiother-
apy is successful in 75% of patients, but new meth-
ods are needed for advanced or relapsed cases.*?
Specific LH-RH binding sites are present in samples
of surgically removed endometrial cancers.'?
Emons et al.'** evaluated whether these binding
sites can mediate direct effects of LH-RH analogs
on the proliferation of HEC-1A and Ishikawa human
endometrial cancer cell lines. Effects on cell pro-
liferation were studied using the LHRH agonist
[D-Trp®ILH-RH or the LH-RH antagonist SB-75
(Cetrorelix). In both cell lines two binding sites
for [D-Trp®JLH-RH, one with high affinity and low
capacity, and the other with low affinity and high
capacity cells were found.'** [p-Trp®JLH-RH and
SB-75 significantly inhibited the proliferation of
both cell lines.'?* These data indicated that both
agonistic and antagonistic analogs of LH-RH can
directly inhibit proliferation of human endometrial



carcinoma. Clinical trials with [D-Trp’]LH-RH are in
progress in women with endometrial carcinoma.

Epithelial ovarian cancer

Epithelial ovarian cancer is the fourth most frequent
cause of cancer related deaths in women.*?®° Sur-
gery and chemotherapy are not very effective.*?
Ovarian cancer may be dependent on LH and
FSH, and suppression of the secretion of gonado-
tropins produced by LH-RH analogs appears to in-
hibit the growth of ovarian tumors.*? Specific
binding sites for LH-RH and its analogs have been
characterized in samples of surgically removed hu-
man ovarian carcinomas.'?> Emons et al.'?® evalu-
ated whether these binding sites are also present in
EFO-21, EFO-27, human ovarian cancer cell lines
and if they mediated direct LH-RH-analog effects on
their proliferation. Proliferation effects were ascer-
tained by incubating the cells in the presence of the
LH-RH agonist [D-Trp®ILH-RH or the LH-RH-antago-
nist SB-75 (Cetrorelix).'?® In both cell lines a high
affinity and low capacity binding site for [D-Trp®JLH-
RH, and a low affinity and high capacity binding site
were found.!?® At 107° M concentrations the LH-RH
agonist significantly reduced proliferation in both
cell lines:'? comparable inhibitory effects were
found with the LH-RH antagonist SB-75 on the pro-
liferation of EFO-21 cells. Thus, the LH-RH binding
sites in these cancer cells might mediate direct anti-
proliferative effects of LH-RH-analogs.!26

Response to [p-Trp®JLH-RH (Decapeptyl) microcap-
sules in ovarian carcinoma. We treated 41 patients
with advanced ovarian carcinoma (FIGO Stage III
and 1V), who had relapsed following conventional
treatment, with long acting microcapsules prepara-
tion of [p-Trp®]LH-RH once a month.'?”'?® Five
patients showed stabilization (SD) on [b-
TrpélLH-RH where tumor size remained the
same. Six patients had clinical or radiological evi-
dence of partial remission where the tumor size
decreased by more than 50%.'?® Thus, 11 patients
showed remission or stabilization of the disease.
Clinical benefit of therapy with microcapsules of
[D-Trp®ILH-RH in about 26% of patients is en-
couraging.'?® Treatment with [D—Trp6]LH—RH offers
an important non-toxic alternative in patients who
do not tolerate chemotherapy or who have progres-
sive disease following chemotherapy.!?7:128
Multi-center clinical trials with [p-Trp®JLH-RH in
women with ovarian cancer are in progress in West
Germany, Scandinavia and Israel.* Preliminary ex-
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perimental results suggest that LH-RH antagonist
SB-75 inhibits growth of human epithelial ovarian
cancers better than agonist [D-Trp’]LH-RH and
therefore may be more efficacious clinically
(Yano, Pinski and Schally, in preparation).

Carcinoma of the exocrine pancreas

Ductal exocrine carcinoma of the pancreas has a
poor prognosis.?>*5712 Our experimental studies
and those of others are consistent with the view that
the exocrine pancreatic carcinomas are sensitive to
GI hormones, sex steroids and growth fac-
tors. 23457129131 yiarious experimental and clinical
findings suggest that it might be possible to develop
a new hormonal therapy for exocrine cancer of the
pancreas based on somatostatin analogs or bombe-
sin/GRP antagonists in combination with LH-RH
analogs.2345799.1327139 gomatostatin analogs sup-
press the secretion and/or action of gastrin, secre-
tin and cholecystokinin (CCK), which produce
hyperplasia and hypertrophy of the exocrine pan-
creas and probably influence the growth of the
malignant cells of the pancreas.’”"'*® Somatostatin
analogs might also inhibit the growth of pancreatic
cancer by suppressing the action or secretion of
growth factors, which are thought to be involved
in neoplastic processes.57‘9°'138 Various observa-
tions suggest that bombesin acts as a growth factor
and stimulates proliferation of pancreatic cancers
through specific receptors for bombesin/GRP pre-
sent on the tumors.*”13*13% Bombesin/GRP antago-
nist RC-3095 appears to inhibit the growth of
pancreatic cancers by blocking the interaction of
bombesin with its receptors.'3#13% Sex steroids may
also play a role in the growth of the cancerous
pancreas'! and their secretion could be inhibited
by LH-RH analogs.'%6!37

Various experimental studies were carried out to
explore this view in Syrian Golden hamsters with
ductal pancreatic cancers induced with N-nitrosobis
(2-oxopropylamine (BOP)!3%7136 ¢ in nude mice
bearing xenografts of human pancreatic cancers.'®
In a recent study, ductal pancreatic cancers were in-
duced with carcinogen BOP in golden hamsters.'?’
The animals were then treated for two months with
5-fluorouracil (5-FU), agonist [D-Trp(’]LH-RH, an-
tagonist SB-75 and somatostatin analog (RC-160),
and with some combinations thereof. In the first
experiment, the treatment with [D—TrpG]LH—RH plus
5-FU resulted in 52% inhibition of tumors. In the
second experiment, both LH-RH antagonist SB-75
and somatostatin analog RC-160 caused a significant
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inhibition of tumors, and their combination had the
strongest tumor inhibitory effect.'3?

Phase I trials with RC-160 were conducted by Dr
Graeme Poston in England in patients with ad-
vanced pancreatic cancer.'3®1%® RC-160 was tried
clinically as a single drug in patients with inoper-
able pancreatic cancer. Preliminary results indicate
clinical improvement and stabilization in some pa-
tients.'*®*13° However, RC-160 alone even in large
doses may not be sufficient to produce effective
palliation in most patients and bombesin antago-
nists or various combinations of peptides should
be tried.

In female Syrian golden hamsters with nitros-
amine-induced pancreatic cancers, bombesin
antagonist RC-3095 exerted a dose-dependent
inhibitory effect on the growth of pancreatic
cancers.'>*!3% Chronic administration of RC-3095
also inhibited the growth of CFPAC-1 human
pancreatic cancer in nude mice.'®® Bombesin
antagonist RC-3095 could be considered for the
development of new approaches for the treatment
of human pancreatic cancers.

Colon cancer

Advanced disseminated colon cancer is difficult to
treat. 23457140 gex steroids, GI hormones and
growth factors appear to be involved in the tumor-
igenesis of the colon.23*57 An approach similar to
that on pancreatic cancer and based on hormonal
manipulations such as the combined use of analogs
of somatostatin, antagonists of bombesin/GRP and
LH-RH analogs could also be envisioned for
colorectal cancer.>*%57

In nude mice bearing xenografts of HT-29 human
colon cancer, somatostatin analog RC-160 signifi-
cantly reduced tumor growth.!*’ Bombesin/GRP
antagonists had the greatest and consistently signif-
icant inhibitory effect on tumor growth. Bombesin/
GRP antagonists and somatostatin analogs could be
considered for the development of new hormonal
therapies for colon cancer.'®!

Gastric cancer

Patients with unresectable stomach cancer have a
poor prognosis and new therapeutic approaches are
needed.'? In nude mice bearing xenografts of the
gastrin-responsive human gastric adenocarcinoma
MKN45 cell line, somatostatin analog RC-160 re-
duced tumor volumes and weights.'*> Bombesin/
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GRP antagonist RC-3095 had the greatest inhibitory
effect on tumor growth. Receptors for EGF were
down-regulated in MKN 45 tumor cells after treat-
ment with RC-3095 or RC-160.'*? Bombesin antago-
nists also inhibit in vitro and in vivo growth of
Hs746T human gastric cancer.'*® These data de-
monstrate that the growth of human gastric cancer
in nude mice can be inhibited by somatostatin
analogs and by bombesin antagonist, and these
approaches could be tried in patients suffering
from this malignancy.!43144

Lung cancers

Lung cancer is the leading cause of cancer related
deaths.%%%5 SCLC accounts for 20-25% of all cases
of lung cancer.’®® Recent evidence indicates that
SCLC may be hormone dependent.””**® SCLC pro-
duces peptides such as bombesin or GRP which act
as autocrine growth factors.’”*® Consequently, the
development of hormonal therapy based on
bombesin antagonists should be considered.?>’
Non-SCLC (which include squamous or epider-
moid, adenocarcinoma and large cell carcinoma)
are dependent of growth factors like EGF and
IGF-1.1%¢'*7 We have demonstrated an inhibition
of growth of NCI H-69 SCLC cells implanted into
nude mice by bombesin/GRP antagonists and so-
matostatin analog RC-160."*® We have also investi-
gated the effects of SB-75, RC-160 and bombesin
antagonist RC-3095 on growth of NCI H-157 human
non-SCLC cells implanted into nude mice.!*® SB-75,
RC-3095 and castration had no effect, but RC-160
caused a major inhibition of proliferation of non-
SCLC.'*® These results are in accord with those of
other investigators.'*®

Brain tumors

There are more than 12000 new cases of primary
brain tumors every year and 10 000 deaths attributed
to brain tumors in USA 6515 Benign brain tumors
like meningiomas can be treated by surgery, but
new therapeutic modalities are needed for malig-
nant tumors. Brain tumors have receptors for EGF,
IGF-I and somatostatin.’”'>! Recently, we have de-
monstrated inhibitory effect of somatostatin analog
RC-160 and bombesin/GRP antagonist RC-3095 on
proliferation of various human glioblastomas (as-
trocytomas grade 3, malignant) transplanted into
nude mice. Bombesin/GRP antagonist RC-3095 and
somatostatin analogs inhibited the growth of these



malignant gliomas (Pinski and Schally, in prepara-
tion). Somatostatin analogs penetrate the blood-
brain barrier'*? and along with bombesin antago-
nists can be considered for the development of new
methods for treatment of brain tumors.

Conclusions

Inhibition of the pituitary—gonadal axis forms the
basis for oncological applications of LH-RH ago-
nists and antagonists, but direct effects on tumors
may also play a role. Various endocrine-dependent
or hormone-sensitive tumors can be treated with
LH-RH analogs and the use of sustained delivery
systems based on microcapsules or microgranules
makes the treatment more practical and efficacious.
A successful utilization of various agonistic analogs
of LH-RH for treatment of androgen-dependent
prostate cancer has been documented in thousands
of patients and of antagonist SB-75 in dozens of
patients. Agonists and antagonists of LH-RH might
be also beneficial for treatment of breast cancer in
pre-menopausal and post-menopausal women. The
development and clinical testing of new LH-RH
antagonist SB-75 is continuing. The advantage of
the LH-RH antagonists is based on the fact that they
inhibit LH and FSH and thus sex steroids from the
start of the administration. The use of antagonists
would prevent the temporary clinical ‘flare-up’ of
the disease which can occur with the agonists. Work
is in progress on the application of LH-RH analogs
for treatment of ovarian and endometrial cancer.
Methods based on the analogs of LH-RH or soma-
tostatin might supplement or in some cases replace
conventional procedures for the treatment of hor-
mone-sensitive cancers. New hormonal therapy for
pancreatic cancer, colon cancer, gastric cancer, lung
cancer (SCLC or non-SCLC), brain tumors, and
chondrosarcomas and osteosarcomas could be
based on somatostatin analogs and/or bombesin/
GRP antagonists.

It is gratifying to see that the discovery of hypo-
thalamic hormones, especially LH-RH and somatos-
tatin, has led to practical clinical use of their analogs
in the field of cancer treatment. During the past 15
years, it has been a challenge to work in the field of
cancer exploring the use of analogs of LH-RH and
somatostatin, and now bombesin/GRP. I hope that 1
can continue to contribute to this field.

It was my good fortune to have arrived on the
scientific scene at such a crucial time and to have
helped in the discoveries of hypothalamic hor-
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mones, and more recently in the applications of
their analogs in the field of cancer. The understand-
ing of functions of hypothalamic hormones and the
availability of their synthetic analogs should permit
clinicians to diagnose and treat a variety of diseases
including cancer much more successfully than in
the past.
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