Basil A, Stoll, London (Editor)

| Endocrne
~ Management

of

; Cancer




Basil A. Stoll, London (Editor)

~ Endocrne

Management

of

CEVE0O0GTPEILEDSCVOGRIVVIPERBEEABORORURODNOOOGSIOEDIDRTS

PR 20 S0 By
| B ) y b ‘r
m ', " - N
o R F,' 5 -~
igures and 10 tables, 1988 3

Basél-Miinchen-Paris~London~NewYork NewDelhi - S




Library of Congress Cataloging-in-Publication Data
Endocrine management of cancer.
Includes bibliographies and index.
Contents: v. 1. Biological bases.
1. Cancer - Chemotherapy. 2. Hormone therapy.
3. Hormones - Agonists — Therapeutic use. 4. Hormones - Antagonists - Therapeutic use.
1. Stoll, Basil A. (Basil Arnold)
[DNLM: 1. Hormones - therapeutic use. 2. Neoplasms — drug therapy. QZ 267 E56]
RC271.HSSE528 1988 616.99°4061 87-29872
ISBN 3-8055-4687-4 (set)
ISBN 3-8055-4685-8 (v.1)
ISBN 3-8055-4686-6 (v.2)

Drug Dosage

The authors and the publisher have exerted every effort to ensure that drug selection and
dosage set forth in this text are in accord with current recommendations and practice at the
time of publication. However, in view of ongoing research, changes in government regulations,
and the constant flow of information relating to drug therapy and drug reactions, the reader is
urged to check the package insert for each drug for any change in indications and dosage and
for added warnings and precautions, This is particularly important when the recommended
agent is a new and/or infrequently employed drug.

All rights reserved.
No part of this publication may be translated ;ato other languages, reproduced or utilized in
any form or by any means, electroni¢ or mechanical, including photocopying, rccordmg,
microcopying, or by any information storage and retneval system, without permxsslon in
writing from the publisher.

©  Copyright 1988 by S. Karger AG, P.O: Box, CH-4009 Basel (Switzerland)
Printed in Switzerland by Friedrich Reinhardt AG, Basel
ISBN 3-8055-4687—4 (set)
ISBN 3-8055-4685-8 (v.1) o

wr



(TN T S

-0 O C N

——

Contents Vol. 2: Cbntempornry Therapy

The Role of Current Agents r
.

A.U. Buzdar: Progestins in Cancer Treatment s‘

B.J.A. Furr, RA.V. Milsted: LH-RH Analogues in Cancer Treatment

A.S. Bhatnagar, C. Nadjafi, R. Steiner: Aromatase Inhibitors in Cancer Trcat’

U.W. Tunn, A. Radlmaier, F. Neumann: Antiandrogens in Cancer Treatment

V.C. Jordan: Antiestrogens in Cancer Treatment

New Aspects of Thehpy

M.J. Dunne, K. Kutz: Somatostatin Analogues in Cancer Treatment

B.A. Stoll: Combination Endocrine Therapy — Concurrent or Sequential?

D. Rausch, D.T. Kiang: Interaction between Endocrine and Cytotoxic Therap
S. Kvinnsland, S. Gundersen: Prospects for Alternating Endocrine Therapy
R.D. Gambrell, Jr.: Hormonal Medication and Mitogenic Dangers

K. Vallis. J. Waxman: Tumour Flare in Hormonal Therapy



1

Contributors

Adam, H.K., BSc, PhD, Pharmacokinetics Section, Safety of Medicines Department,
IC1 Pharmaceuticals Division, Macclesfield, UK

Allegra, J.C., MD, Professor and Chairman, Department of Medicine, University of
Louisville, Louisville, Ky., USA .

Cho-Chung, Y.S., MD, PhD, Chief, Cellular Biochemistry Section, Laboratory of
Tumor Immunology and Biology, National Cancer Institute, Bethesda, Md., USA

Davies, P., PhD, Tenovus Institute for Cancer Research, Welsh National School of
Medicine, Cardiff, UK

Hamm, J.T., MD, Division of Medical Oncology, University of Louisville School of
Medicine, Louisville, Ky., USA

Hawkins, R.A., PhD, Senior Lecturer, University Department of Clinical Surgery,
The Royal Infirmary, Edinburgh, UK

Isaacs, J.T., PhD, Associate Professor, The Oncology Center, Associate Professor,
The Department of Urology, The Johns Hopkins University School of Medicine,
Baltimore, Md., USA '

Merkel, D.E., MD, Fellow in Medical Oncology, University of Texas Health Science
Center at San Antonio, San Antonio, Tex., USA

Miller, W.R., PhD, Reader, University Department of Clinical Surgery, The Royal
Infirmary, Edinburgh, UK

Osborne, C.K., MD, Professor of Medicine, University of Texas Health Science Center
at San Antonio, San Antonio, Tex., USA

Poulsen, H.S., MD, PhD, Specialist and Reader in Oncology and Head of Receptor
Laboratory, University Radium Centre, Aarhus, Denmark

Sainsbury, J.R.C., MD, MS, FRCS, Honorary Senior Registrar, CRC Clinical Research
Fellow, University Department of Surgery, Royal Victoria Infirmary,
Newcastle upon Tyne, UK :

Simnett, J.D., MA, BSc, PhD, Lecturer in Experimental Pathology, Department of
Pathology, Royal Victoria Infirmary, Newcastle upon Tyne, UK

Tisdale, M.J., BSc, PhD, DSc, Reader in Phannacéutical Sciences, Aston University,
Birmingham, UK



*

Preface

The last decade has seén almost incredible advances in our knowledge
of the molecular biology of the cancer cell, and this has provided vital clues
as to why tumours behave in a particular way in each individual patient.
The néw knowledge includes evidence on how growth factors which are
essential to the growth of the cancer cell may be either switched on or off.
In addition, we have developed insights into the production, metabolism
and interaction of steroid and peptide hormones in malignant tissue; and
why they may exert variable effects on the proliferative, invasive and
differentiation activities of the cancer cell in endocrine target organs.

The book is unique in that it attempts to formulate principles aiming jo
link endocrine therapy by similar agents in cancers of the ﬁreast, prostate
and uterus. Progress in the field has been hindered in the past by poor
communication between the different specialist departments — surgical,
urological and gynaecological — responsible for clinical research into each of
the cancers. The book also breaks fresh ground in that it reviews models of
hormonally-induced regression of cancer and emphasises how they differ
from the model of regression following cytotoxic therapy. Different models
imply not only the need for different schedules of treatment to deal with
autonomy, but also the need for different methods of assessing response
which are likely to be reflected in more prolonged survival.

The book aims to provide answers to questions which are rarely
addressed in the literature. Does endocrine therapy lead to a state of
dormancy in tumour growth? Do different endocrine modalities act through
different mechanisms in causing regression of tumour growth, and how does
the mechanism differ from that of cytotoxic therapy? How far do observa-
tions on animal tumours or tissue culture studies provide information which
can be extrapolated to the clinical situation? How does the tumour metab-
olism of hormones affect response to hormonal manipulation? Are steroid
receptors markers of tumour responsiveness or are they actively involved in
tumour regression? What is the mechanism of subsequent tumour reacti-
vation and its occasional response to secondary endocrine therapy?



Preface X1

It has become increasingly difficult for the busy clinician to keep
abreast of new advances which provide pointers to future cancer manage-
ment. This book is intended to expand the perspectives of the large numbers
of clinicians practising endocrine therapy as part of the overall management
of patients with cancers of the breast, prostate or uterus.

London, 1988 Basil A. Stoll
Consulting Physician,
Oncology Department,
St. Thomas' Hospital.
London
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Steroids, Mediators and Growth Factors

1 Models of Tumor Regression in
Endocrine-Related Cancer
Y.S. Cho-Chung

This chapter describes the biochemical and biological bases for differ-
ent models of tumor regression in endocrine-related cancers. Evidence
presented shows that different types of endocrine therapy can lead to
different modes of cancer regression whether by autophagic cell death
(apoptosis), cell differentiation or both. Again, these modes of regression
are clearly different from that due to cell death caused by cytotoxic agénts,
immunologic host defense reaction or avascular necrosis.

.~ Regression due to Autophagic Ce[l Death (Apoptosis)

Regression of mammary cancer has been induced in man and animals
by the withdrawal of hormones that are essential for the growth of the
cancer. The methods used include surgical removal of endocrine organs
producing sex hormones (ovariectomy, adrenalectomy and hypophysecto-
my) and functional ovarian ablation by the use of aromatase inhibitors or
luteinizing hormone-releasing hormone (LHRH) agonists.

Other endocrine-related cancers, such as prostate and endometrial
cancers, also regress after hormone withdrawal. The cancers that respond to
endocrine ablation are the more differentiated tamors. These cancers retain
hormone dependence, meaning that they shrink in -size after hormone
withdrawal, just as normal mammary tissue will undergo atrophy after
removal of the ovaries.

Endocrine Ablation

Hormone dependence of human mammary carcinoma is mimicked by
mammary carcinomas of the rat, and both 7,12- ;@Wg 7:3
(DMBA)-induced and transplanted MTW9 mammary carcinomas are
examples of such hormone-dependent well-differentiated tumor models.
Following endocrine ablation, the tumors regress to half their initial size
within a few days, mostly because of cell destruction [1]. During regression,
the blood supply remains as high as during growth and cell death cannot be
attributed to vascular deficiency. Since no invasion of macrophages and
lymphocytes can be demonstrated in regressing tumors, an ‘immunologic
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type’ of tissue breakdown is also excluded. These observations were inter-
preted to indicate that tumor regression was mainly due to an autophagic
process confined to each cell without apparent danger to the survival of
neighbouring cells [1].

Tissue destruction during hormone-dependent .regression follows a
pattern that is more characteristic of shrinkage necrosis or apoptosis [2, 3]
than of ischemic coagulative necrosis [4, 5]. The latter involves an entire
sector of tissue, primarily the center, and can be found in almost every type
of tumor regardless of its hormone dependency. Thus, coagulative necrosis
is not a hormone-related event but reflects an inability of the vascular
system to maintain an environment compatible with cell survival in the face
of continuous cell proliferation. Apoptosis, on the other hand, involves a
cell-limited process of self-digestion, and tumor regression appears to evolve
as a programmed phenomenon.

Structural changes characteristic of apoptosis are found in regressing
DMBA-induced mammary tumors after ovariectomy, and in MTW9 mam-
mary carcinoma upon elimination of mammotropin supply. Cytoplasmic
‘loosening’ is one of the earliest morphological events indicating impending
cell death. The cell appears to ‘@hdéﬁﬁe’i;ahd its association with neigh-
boring cells is altered, probably by a process of dehydration [2]. When
apoptosis is the predominant event in regression, a large number of cells
become fragmented, but a characteristic is the preservation of the plasma
membrane and the rapid phagocytosis by the surrounding neoplastic cells
[3]. The autophagocytosis and morphological change occur in the absence of
obviously toxic stimuli, whereas metabolic supplies are well preserved [1].
Tumor shrinkage occurs as a coordinated event, and a high level of RNA and
protein synthesis can be observed at the beginning of regression [6].

The hypothesis that autophagocytosis and morphological evidence of
tissue lysis are relatively late events in the course of tumor regression implies
that specific cellular events triggering tissue lysis should occur at an earlier
stage of regression. The following evidence suggests that cAMP plays the
triggering role in these events of tissue lysis: CAMP level increases after
ovariectomy; cCAMP receptor increases as estrogen receptor decreases with-
in a few hours of ovariectomy; translocation of c(AMP-dependent protein
kinase into the nucleus followed by new phosphorylation of nuclear protein
occurs after ovariectomy; finally, these changes are reversed in tumors when
they resume growth upon replenishment of estrogen (7, 8]. Thus, the ability
of cAMP to overcome the effect of estrogen appears to be involved in
triggering tumor regression after ovariectomy.
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Aromatase Inhibitors %

Peripheral tissues can metabolize the androgemc steroxds produced in
the adrenal gland so that androsténedione can be converted into estrogen
not only within the breast tissue but also in the liver and fatty stores of the
body. The enzyme aromatase mediates the conversion of androgens to
estrogen. o

The antitumor activity of aromatase inhibitors has been studied in
DMBA-induced mammary carcinoma of rats [9]. Treatment with an aro-
matase inhibitor, 4-hydroxyandrostene-3,17-dione (4-OHA), consistently
reduced estrogen secretion without increasing gonadotropin concentration,
and caused tumor regression. Furthermore, 4-OHA treatment prevented the
increases in luteinizing hormone (LH) and follicle-stimulating hormone
(FSH) that occur after ovariectomy, indicating direct action of the agent on
the pituitary-hypothalamic axis. Since ovarian aromatase activity is under
the regulation of gonadotro;iins, new enzyme synthesis would not occur
after aromatase inactivation by 4-OHA.

In contrast, gonadotropin levels were found to be increased in rats after
4 weeks of treatment with aminoglutethimide (AG). Although ovarian aro-
matase and estrogen secretion were inhibited 3 hours after injection of AG,
after 4 weeks estradiol levels were not consistently suppressed, and the total
volume of mammary tumors was increased [9]. Both 4-OHA and AG
inhibited peripheral aromatase activity. These observations suggest that
aromatase inhibitors causing functional ovariectomy may produce tumor
regression by the same mechanism as does ovariectomy.

LHRH Agomst

With the discovery of the structure of the decapeptlde gonadotropin-
releasing hormone, a number of synthetic analogs were found to have
LH/FSH-releasing activities several times that of the natural hormone [10,
11]. However, at higher doses they inhibit the uterotropic and ovariogenic
effects of human chorionic gonadotropin [12; 13], and cause atrophy of the
ovaries and uterus, consistent with an antagonistic role, and also decrease
levels of circulating ovarian steroids [14].

Such results‘mimic the effect of ovariectomy and it is found that
chronic daily administration of LHRH agonists causes regression of hor-
mone-dependent mammary tumors in experimental animals [15-17]. High
doses of LHRH or lower doses of LHRH agonists have also demonstrated
direct growth inhibitory effect on the human breast cancer line MCF-7 [18].
Presently, trials with LHRH agonists are being conducted in premenopausal
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women as a form of medical ovariectomy [19, 20], but treatment with
LHRH agonist can also cause objective responses in postmenopausal
patients with breast cancer and inactive ovaries [21]. The latter response
may reflect a direct antitumor effect by LHRH agonists.

To summarise this section. We have seen that in the apoptosis model,
highly hormone-dependent cancer cells in the host die as a result of hormonal
depnvauon But such cell death may represent a brelude to tumor differen-
tiation, just as in the collapse oﬂé‘ﬁpole tails. }he undifferentiated cells die

"\ before evolving the more differentiated proéeny cell. Tumor regression

resulting from endocrine ablation is usually an acute process not accompa-
nied by morphological or phenotypic change. At a nuclear level, antagonism
between the effects of cCAMP and estrogen is demonstrated in mammary
tumors regressing after ovariectomy but its mechanism is not clear.

Regression due to Cell Differentiation

Until recently, high dose estrogen therapy was widely used to cause
regression of mammary cancer in postmenopausal women. Its use has been
replaced by that of the antiestrogen, tamoxifen, and by high-dose proges-
togen therapy. In experimental mammary cancer, cAMP derivatives may
cause growth arrest. High-dose progestogen therapy can cause regression of
endometrial cancer, and antiandrogen therapy can cause regression of
prostate cancer. It is possible that the mechanisms involved in all these cases
may be linked to tumor cell differentiation.

High-Dose Estrogen

The transplantable R3230AC mammary adenocarcinoma of the Fisher
rat is autonomous and does not regress after hormone withdrawal. Neverthe-
less, it is hormone sensitive and treatment of tumor-bearing animals with
high-dose estrogen (178-estradiol, 0.1 mg/kg rat/day) retarded tumor growth
and induced lactation [22]. Androgen treatment also decreased tumor growth
rate. A correlation was found between morphological changes and tumor
biochemistry [22], and a striking relationship was found between lactation
and glucose-6-phosphate dehydrogenase and malic enzyme activities. Thus,
R3230AC mammary carcinoma is hormone sensitive, even though it is not
hormone dependent. The induction of lactation by hormone treatment indi-
cates that the epithelial cells of mammary carcinomas can be functionally
differentiated by the hormone as they are in normal mammary gland.
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High-Dose Progestogen
High-dose progestogens have been shown effective in the growth inhi-
bition of human endzmetrial adenocarcinoma, and histochemical and his-
tological findings suggest functional differentiation in the epithelial cells
[23]. In response to hormone therapy, the endometrial cancers have been
shown to increase/glycogen accumulation and markedly accumulate muco-
polysaccharide, and also manifest a decrease in mitotic index and evidence
of atrophy in the cancer tissue. The histological pathway leading to the
dlsappearance of the adenocarcinoma includes dlfferentlatlon secretion,
epithelial m gmglas ia, decidualization and fibrosis of the stroma. High-dose
progestogens hﬂve also beer;!;h/ovm effective in causing regress1on of human
mammary cancer. "

B AN
¢ B AN

Antiestrogen :

Estrogen binds to a specific binding protein in the cytoplasm and the
complex formed is then activated and translocated into the nucleus where it
triggers the biological response [24]. Hormone-dependent tumors contain
the same specific estrogen binding protein (cstrogen receptor) as estrogen-
responsive normal tissues [25-27]. The antiestrogen, tamoxifen, competes
with estrogen for the estrogen receptor [28]. Tamoxifen binds to estrogen
receptor, the complex moves into a nuclear compartment, and its prolonged
retention in the nucleus causes the cells to be refractory to subsequent
estrogen stimulation [28]. In the treatment of breast cancer, its antitumor
effect has been related to its binding to estrogen receptors in tumor tissues
but not to its effect on the secretion of pituitary hormones [29].

The histochemical and histological response of endometrial adenocar-
cinomas to tamoxifen demonstrates some analogies to, but also some
striking differences from, that of high-dose progestogens [23]. The response
to tamoxifen includes glycogen accumulation, reduction in the mitotic
index and atrophy in the adenocarcinoma. The histological change during
the disappearance of the adenocarcinoma is characterized by monostratifi-
'cation and even necrosis.

4nt1andmgens

Some prostate cancer cells have been found to depend on androgens for
growth [30, 31] and competitive compounds, which by themselves have no
biologic action, can act as antiandrogens by binding to the receptor.
Included are compounds such as ¢yproterone acetate, progesterone, flutam-
ide, and m'e'g/estrol acetate. Flutami?ej?hich.has been the most useful drug,

+ &3

) G % 3
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impairs nuclear binding to dihydrotestosterone and interferes with the
stimulation of RNA polymerase by testosterone. Prostate cancer regression
caused by flutamide is probably by a mechanism similar to that of tamoxifen
in causing breast cancer regression.

Cyclic Nucleotides

It has been shown that the content of CAMP in rat mammary gland is
related to the growth, development, and differentiation of the tissue [32-
34]. The effect of CAMP observed in malignant cells often involves striking
redifferentiation, amounting to apparent renormalization of a number of
properties including morphology, adhesive properties, igctin agglutination,
cell movement, and biochemical functions [35, 36].

Administration of cAMP derivatives, such as 'dibutyryl cAMP
(DBcAMP; 10 mg/day/200 g rat s.c.), caused growth arrest of hormone-
dependent mammary tumors in intact animals within a few days [37]. The
presence of specific cytoplasmic receptor proteins for estrogen and cAMP
has been shown in hormone-dependent mammary tumors [38]. During
growth, high estrogen binding and low cAMP binding activities are found in
DMBA-induced mammary tumors and when the tumors undergo growth
arrest after DBCAMP treatment, cAMP binding markedly increases as
estrogen binding decreases. The same decrease in estrogen binding with
increase in cCAMP binding also occurred during tumor regression due to
ovariectomy or tamoxifen treatment [38, 39].

In a cell-free system of hormone-dependent tumors, the nuclear uptake
of estrogen receptor was inhibited by the presénce of cAMP receptor,
‘whereas the presence of estrogen receptor inhibited the nuclear uptake of
cAMP receptor [40]. No competition was found between cAMP and estrog-
en for each other’s cytoplasmic binding proteins or the nuclear acceptor
sites. Thus, a mutual antagonism exists between the cAMP receptor and
estrogen receptor during their nuclear translocation. It was proposed that
the action of cAMP (like that of antiestrogen) is antagonistic to estrogen
action in the growth control of hormone-dependent tumors, probably
occurring at the nuclear level [40].

An effect of cAMP on cell differentiation and growth was reported in
the hormone-responisive R3230AC rat mammary carcinoma [41]. After
daily s.c. injections of DBcAMP beginning on day | after tumor implanta-
tion, the growth rate increased appreciably. R3230AC tumor is composed
primarily of epithelial cells with a histological organization resembling
mammarv gland alveoli [22], and increase in tumor size after DBCAMP
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treatment is attributed to an increase in cell size rather than an increase in
cell number,

Growth arrest which has been observed with cAMP derivatives may
well be linked to cell differentiation, because cAMP-induced cell differen-
tiation has been observed in both normal and transformed cells [35, 36].
cAMP may switch active growth into gradual cell loss through promoting
differentiation of cancer cells. The tumor regression due to cell differentia-
tion is accompanied by a morphological or phenotypic change, as shown in
R3230AC mammary carcinoma in experimental animals [22] and in
human endometrial cancer [23].

To summarise this section. It has been/ suggested that high doses of
estrogens or progestogens may promote regression of well-differentiated
tumors by causing their cells to differentiate terminally or mature. This
process is characterized by the stimulation of enzyme pathways normally
associated with cell development or differentiation. In mammary carcino-
mas in experimental animals, the expression of enzymes associated with a
lactational pathway has been demonstrated along with tumor régression
after exposure 10 high doses of estrogen [22].

Antihormones, such as tamoxifen, also could promote cell differentia-
tion by interfering with the action of estrogen. Tamoxifen stimulates a
number of enzymes associated with cell development, nuclear RNA poly-
merase activity, accumulation of polysomes, and general protein synthesis.
The antitumoractivity may be partly derived from. usjﬁgomst (estrogen-hke)
hypertropic activity. It has been suggested that tamoxifen causes tumor
regression by promoting limited hypertrophy of differentiated cells, which
in turn down-regulates the sensitivity of tumor cells to other growth factors
[42].

Regression due to Cell Differentiation and Apoptosis

Cancer regression included in this category may be brought about either

‘bya combmauon of two hormones having different mechanisms of action

cvia dlfferent receptors or by DBCAMP in combination with : argmme or by

_site-selective cAMP analogs that are manyfold more active than DBcAMP.

. This model of regression appears to be due to a potent agonistic or antag- -

onistic effect toward hormones or growth factors that are normally involved
..in cell development or differentiation. '



