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Preface 

Progress in basic research has made it necessary to 
redetermine the possibility of classic endocrine 
therapy for the treatment of patients with breast 
cancer. 

Exemplary, close cooperation between biochemis
try and animal and clinical research led to a truly 
interdisciplinary and international exchange of 
ideas and experience at a symposium held in 
autumn 1978 in Heidelberg. We owe our thanks 
to ICI-Pharma for the kind support of this sym
posIUm. 

The participation of Charles Huggins in the meeting 
as honorary chairman signified to all participants 
the meaning of this joint endeavour. It was the 
same Charles Huggins who through experimental 
work laid the foundation stone for endocrine ther
apy of prostate and breast cancer, and who applied 
his findings clinically. 

Thousands of patients owe to him relief from their 
suffering. He contributed greatly to the attempt to 
find and stabilize the endocrine therapy for breast 
cancer, for which we thank him sincerely. We hope 
that the following contributions will similarly serve 
the well-being of our patients. 

December 1979 F. Linder 



Foreword 

The principal thrust of the studies presented in this volume is 
that certain synthetic compounds designated antiestrogens 
have practical value in the clinical treatment of many women 
with advanced mammary cancer. Under stated conditions, 
the administration of antiestrogens induces a remission of 
the malignant disease. The anti estrogens are nontoxic. They 
are effective in causing regression, of cancer of the breast in 
some cases. The anti estrogens themselves are estrogenic, 
but with endocrine properties quite from those of estradiol 
and other powerful estrogens. 
Hormone-responsive cancer cells can be destroyed by 
hormone deprivation or by hormone surplus - too little or 
too much, the methods are poles apart (Huggins, 1979). 
For an example, extinction of hormone-responsive mammary 
cancer is brought about both by ovariectomy and - dramat
ically - by administration of estrogens. Heddow et al. (1944) 
found that large doses of powerful estrogens can have an 
ameliorative action in human mammary cancer. A paradox 
seemed to be involved since, in some circumstances, estro
gens were apparently activating agents for cancer of· the 
breast. In one room the surgeons were removing sources of 
estrogenic hormones while nearby the physicians were pre
scribing estrogens for mammary cancer. The vexatious 
paradox was solved by experimental studies (Huggins, 1979). 
The growth-promoting activity of the most potent estrogens 
(estrone; estradiol; diethylstilbestrol) on the uterus of the 
rat can be blocked to an appreciable extent by certain 
antagonists. The inhibition of estrogen-induced uterine growth 
by the antagonistic substances is impressive and very useful in 
clinical medicine, but the suppression of estrogenic action is 
never complete. 
The estrogen inhibitors are of two sorts: (a) certain naturally 
occurring estrogens including estriol and closely related 
hormonal congeners; hormones in this class are impeded 
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estrogens (Huggins and Jensen, 1955); (b) synthetic com
pounds whose structure is reminiscent of chlorotrianisene 
(Tace), a powerful estrogen; compounds in this class are 
designated antiestrogens. Both sorts of inhibitors have con
siderable effectiveness in causing regression of certain 
mammary cancers, of man and animals, under stated con
ditions. 
1) Impeded Estrogens. Possible competitive interaction, in vivo 
at the cellular level, of the three major naturally occurring 
estrogens was first investigated by Hisaw, Velardo and 
Goolsby (1953). The estrogens, estradiol-17, estrone, and 
estriol were tested in every combination for effects each might 
have on the others vis-a.-vis steroid-induced growth of the 
uterus in the ovariectomized rat; the estrogens were injected 
simultaneously but at separate sites. The uterine growth 
induced by minimal effective doses of estradiol or estrone 
was reduced approximately 50% when estriol was injected 
simultaneously (Huggins and Jensen, 1955). When estradiol 
and estrone were administered at the same time there was 
neither reduction or summation of their growth-promoting 
effects on the uterus. Despite antiestrogenic activity, the 
impeded estrogens in large doses are themselves estrogens. 
2) Antiestrogens. Compounds in this class are chemical 
analogs of tris(p-methoxyphenyl)chloroethylene. The anti
estrogens are usually known by trivial names, they comprise 
tamoxifen, chloramiphene, nafoxidine, and similar com
pounds. Holtkamp et al. (1960) administered the anti estrogen 
chloramiphene to young rats by daily subcutaneous injec
tions. The compound interrupted the estrus cycles and pro
duced metestrus. In animals injected with chloramiphene 
the weight of the uterus was around 60% of uninjected con
trols. When mated with normal male rats the females did not 
become pregnant. All of the antiestrogens are antifertility 
agents. 
In large doses tamoxifen and related compounds are estro
genic; in small quantities they are anti estrogens as well. In this 
respect the antiestrogens are similar to estriol in their physio
logic effect. 



Foreword IX 

References 

1. Haddow, A., Watkinson, J. M., Paterson, E., Koller, P. c.: 
Influence of synthetic oestrogens upon advanced malignant 
disease. Brit. Med. J. 2,393-398 (1944) 

2. Hisaw, F. L., Velardo, J. T., Goolsby, C. M.: Competitive 
interaction of estrogens on uterine growth in rats. Fed. 
Proc.12, 68 (1953) 

3. Holtkamp, D. E., Greslin, J. G., Root, C. A., Lerner, L. J.: 
Gonadotrophin inhibiting and anti-fecundity effects of 
chloramiphene. Proc. Soc. ExptI. BioI. Med.l 05, 197 - 20 1 
(1960) 

4. Huggins, C. B.: Experimental leukemia and mammary 
cancer: induction, prevention and cure. Chicago, London: 
The University of Chicago Press (1979) 

5. Huggins, c., Jensen, E. V.: The depression of estrone
induced uterine growth by phenolic estrogens with exy
genated functions at positions 6 or 16: The impeded estro
gens. J. Exptl. Med. 102, 335 - 346 (1955) 

Charles B. Huggins! 

1 Charles Brenton Huggins has been a member of the faculty of the 
University of Chicago since 1927. From 1951 to 1969 he was 
director of the Ben May Laboratory for Cancer Research and he 
has been the William B. Ogden Distinguished Service Professor 
since 1962. In 1966 he won the Nobel Prize in medicine and 
physiology for his work on carcinoma of the prostate. 



Contents 

Introduction 
(B. Henningsen) 1 

I. Improved Biochemical Characterization of Breast 
Cancer. . . . . . . ... . .. . . . . . . . . . . . . ..... . 3 

1. Improved Biochemical Characterization of Breast 
Cancer as a Guide to Hormonal Treatment 
(R.K.WagnerandP.W.Jungblut) .......... 3 

2. Steroid Receptor Determinations in Mammary 
Carcinoma in Women 
(B. Runnebaum and K. Klinga) ............. 11 

3. Steroid Receptor Determination by Means of 
Agar Gel Electrophoresis 
(D. Kummer) .......................... 14 

4. Estrogen Receptor Determination Predicts 
Response to Tamoxifen Therapy 
(J.C.AllegraandM.E.Lippman) ........... 16 

5. Estrogen Receptor Status and the Disease-Free 
Interval in Breast Cancer 
(J. C. Allegra andM.E. Lippman) ........... 20 

6. Clinical Predictive Criteria for Response to 
Endocrine Treatment and the Receptor Status 
(H.MaassandW.Jonat) .................. 26 

II. AntiestrogensinExperimentalBreastCancer .. 30 

7. Anti-Oestrogen Action in Experimental Breast 
Cancer 
(Y. C. Jordan, K. E. Naylor, C. J. Dix, and 
G . Prestwich) .......................... 30 



XII Contents 

8. Studies on Mechanisms of Estrogen and Anti
estrogen Action in Human Breast Cancer 
(K.B.HorwitzandW.L.McGuire) .......... 45 

9. Human Breast Cancer in Nude Mice: A Model for 
Testing Endocrine Treatment 
(R.-T. Michel, H. Schmidt -Matthiesen, G. Bastert, 
andH.P.Fortmeyer) .................... 59 

10. A Hormone-Dependent Human Breast Cancer 
Cell Line Grown in Defined Medium 
(M. E. Lippman, J. C. Allegra, andJ. S. Strobl) 69 

11. Endocrine and Cytostatic Treatment of 
Experimental Mammary Cancer 
(H. H. Fiebig and D. Schmahl) ............. 80 

12. The Direct Inhibition of Prostaglandin 
Synthetase of Human Breast Cancer Tumour 
Tissue by Tamoxifen 
(G. A. F. Ritchie) ....................... 96 

III. Endocrine Treatment of Advanced Breast Cancer 102 

13. Endocrine Treatment of Advanced Breast Cancer 
(H.MaassandW.Jonat) . . . . . . . . . . . . . . . . . .. 102 

14. Principles and Indications of Endocrine 
Treatment of Advanced Breast Cancer 
(H. T. MouridsenandT. Palshof) ............ 112 

15. Ablation ofthe Hypophysis by Radioactive Gold 
in Metastatic Mammary Carcinoma 
(W.Piotrowski) ......................... 118 

16. Anti-Oestrogens: An Alternative to Ablative 
Endocrine Therapy? 
(B.Henningsen) ........................ 122 

IV. Anti-Oestrogens in the Treatment of Advanced 
BreastCancer .......................... 125 

17. Tamoxifen in Advanced Breast Cancer: 
Experience of the SAKK (Schweizerische 
Arbeitsgruppe fur Klinische Krebsforschung -
Swiss Cooperative Oncology Group) 
(W. P. Jungi, P. Alberto, andF. Cavalli) ....... 125 

18. Therapeutic Effect of Tamoxifen Related to 
Estrogen Receptor Level 
(c. Rose, S. M. Thorpe, J. L0ber, J. L. Daenfeldt, 
T. Palshof, and H. T. Mouridsen) ............ 134 



Contents XIII 

19. Results of Tamoxifen Therapy in Patients with 
Breast Cancer 
(N.Firusian,S.C>hl,andRBecher) .......... 142 

20. Results with Tamoxifen in Advanced Mammary 
Carcinoma 
(R Kolb, R J akesz, and H. Reiner) .......... 146 

21. The Significance of Tumour "Stimulation" by 
Tamoxifen 
(B. A. Stoll) ............................ 149 

v. Combination Therapy of Advanced Breast Cancer 151 

22. Simultaneous Hormone- and Chemotherapy, 
Compared with Hormone Therapy Followed by 
Chemotherapy in the Treatment of Metastasising 
Mammary Carcinoma - Preliminary Results of a 
Current Study 
(F. Cavalli, P. Alberto, W. F. Jungi, G. Martz, 
L. Barrelet, J. P. Obrecht, and K. W. Brunner) 151 

23. Lack of Estrogen Receptor Associated with an 
Increased Response Rate to Cytotoxic 
Chemotherapy in Metastatic Breast Cancer? 
(M.E.LippmanandJ.C.Allegra) ........... 155 

24. The Influence of Polychemotherapeutic Regimen 
on the Female Endocrine Control Mechanisms 
in Mammary Carcinoma Patients 
(K.-D. Schulz, P. Schmidt-Rhode, P. Weymar, 
H. J. Kiinzig, and W. Geiger) ............... 162 

25. Therapeutic Effect of Tamoxifen Alone Versus 
Tamoxifen in Combination with Gestagen and 
Oestrogen in Advanced Breast Cancer 
(H. T. Mouridsen, T. Palshof, and C. Rose) .... 169 

VI. Adjuvant Endocrine Therapy of Breast Cancer 178 

26. Is There a Place for Adjuvant Endocrine Therapy 
of Breast Cancer? 
(J. W. Meakin) ........... . . . . . . . . . . . . . .. 178 

27. Adjuvant Endocrine Therapy of Breast Cancer -
A Controlled Clinical Trial of Oestrogen and 
Anti-Oestrogen: Preliminary Results of the 
Copenhagen Breast Cancer Trials 
(T. Palshof, H. T. Mouridsen, and 
J. L. Daehnfeldt) ........................ 185 



XIV Contents 

VII. Principles of Clinical Trials 190 

28. Principles of Clinical Trials 
(Ludwig Breast Cancer Study Group) 190 

29. Establishment of Uniformity in Steroid Receptor 
Analyses Used in Cooperative Clinical Trials of 
Breast Cancer Treatment 
(J.L.Wittliff,B.Fisher,andJ.R.Durant) ..... 198 

VIII. Anti-Oestrogen Treatment in Breast Cancer -
A Comprehensive Review ................. 207 

30. Clinical Experience with Tamoxifen in Advanced 
Breast Cancer 
(B. A. Stoll) ............................ 207 

31. The Place of Tamoxifen in the Treatment of 
Breast Cancer 
(P. S. Schein) ........................... 212 

Final Remarks .......................... 215 

Subject Index . . . . . . . . . . . . . . . . . . . . . . . . . .. 217 



List of Contributors 

P. Alberto 
Clinique Medicale Universitaire, Geneve (Switzerland) 

J. C. Allegra 
National Cancer Institute, Bethesda, MD (USA) 

L. Barrelet 
Centre Hospitalier Universitaire Vandois, Lausanne 
(Switzerland) 

G. Bastert 
Klinikum der Johann Wolfgang Goethe-Universitat, Frank
furt am Main (Federal Republic of Germany) 

R. Becher 
Universitatsklinikum der Gesamthochschule Essen, Essen 
(Federal Republic of Germany) 

K. W. Brunner 
Inselspital, Universitat Bern, Bern (Switzerland) 

F. Cavalli 
Ospedale San Giovanni, Bellinzona (Switzerland) 

J. Daehnfeldt 
The Fibiger Laboratory, Copenhagen (Denmark) 

C. J. Dix 
The University of Leeds, Leeds (Great Britain) 

J. R. Durant 
The University of Alabama, Comprehensive Cancer Center, 
Birmingham, AL (USA) 



XVI List of Contributors 

B. Fisher 
The University of Pittsburgh, School of Medicine, Pittsburgh, 
PA(USA) 

H. H. Fiebig 
Klinikum der Albert-Ludwigs-Universitat, Freiburg (Federal 
Republic of Germany) 

N. Firusian 
Universitatsklinikum der Gesamthochschule Essen, Essen 
(Federal Republic of Germany) 

H. P. Fortmeyer 
Klinikum der Johann Wolfgang Goethe-Universitat, 
Frankfurt am Main (Federal Republic of Germany) 

W. Geiger 
Universitats-Frauenklinik, Kaln (Federal Republic of 
Germany) 

B. Henningsen 
Klinikum der Universitat Heidelberg, Heidelberg (Federal 
Republic of Germany) 

K. B. Horwitz 
The University of Texas, Health Science Center, San Antonio, 
TX(USA) 

R. Jakesz 
1. Chirurgische Universitatsklinik, Wien (Austria) 

E. V. Jensen 
The University of Chicago, Ben May Laboratory for Cancer 
Research, Chicago, IL (USA) 

W. Jonat 
Kliniken der Freien Hansestadt Bremen, Bremen (Federal 
Republic of Germany) 

C. Jordan 
The University of Leeds, Leeds (Great Britain) 

P. W. Jungblut 
Max-Planck-Institut fUr Zellbiologie, Wilhelmshaven 
(Federal Republic of Germany) 

W. F. Jungi 
Kantonsspital, St. Gallen (Switzerland) 



List of Contributors XVII 

K. Klinga 
Klinikum der UniversiHit Heidelberg, Heidelberg (Federal 
Republic of Germany) 

R. Kolb 
1. Chirurgische Universitatsklinik, Wien (Austria) 

H.-J. Kunzig 
Universitats-Frauenklinik, Kaln (Federal Republic of 
Germany) 

D.Kummer 
Eberhard Karls-Universitat, Tubingen (Federal Republic 
of Germany) 

M. E. Lippman 
National Cancer Institute, Bethesda, MD (USA) 

J. L0ber 
Finsen Institute, Copenhagen (Denmark) 

H. Maass 
Kliniken der Freien Hansestadt Bremen, Bremen (Federal 
Republic of Germany) 

G. Martz 
Universitatsspital, Zurich (Switzerland) 

W. L. McGuire 
The University of Texas, Health Science Center, San Antonio, 
TX(USA) 

J. W.Meakin 
The Princess Margaret Hospital and the University of Toronto, 
Toronto (Canada) 

R.-T. Michel 
Klinikum der Johann Wolfgang Goethe-Universitat, 
Frankfurt am Main (Federal Republic of Germany) 

H. T. Mouridsen 
Finsen Institute, Copenhagen (Denmark) 

K. E. Naylor 
The University of Leeds, Leeds (Great Britain) 

J. P. Obrecht 
Kantonsspital, Basel (Switzerland) 



XVIII List of Contributors 

S.Ohl 
Universitatsklinikum der Gesamthochschule Essen, Essen 
(Federal Republic of Germany) 

T. Palshof 
The Fibiger Laboratory, Copenhagen (Denmark) 

W. Piotrowski 
Neurochirurgische Klinik, Mannheim (Federal Republic of 
Germany) 

G. Prestwich 
The University of Leeds, Leeds (Great Britain) 

H. Reiner 
1. Chirurgische Universitatsklinik, Wien (Austria) 

G. A. F. Ritchie 
Imperial Chemical Industries Ltd., Macclesfield, Cheshire 
(Great Britain) 

C. Rose 
The Fibiger Laboratory, Copenhagen (Denmark) 

B. Runnebaum 
Klinikum der Universitat Heidelberg, Heidelberg (Federal 
Republic of Germany) 

W. Schein 
Vincent-T.-Lombardi Cancer Research Center, Georgetown 
University, Washington, D. C. (USA) 

D. Schmahl 
Deutsches Krebsforschungszentrum, Heidelberg (Federal 
Republic of Germany) 

H. Schmidt-Matthiesen 
Klinikum der Johann Wolfgang Goethe-Universitat, 
Frankfurt am Main (Federal Republic of Germany) 

P. Schmidt-Rhode 
Universitats-Frauenklinik, Kaln (Federal Republic of 
Germany) 

K. D. Schulz 
Universitats-Frauenklinik, Kaln (Federal Republic of 
Germany) 



List of Contributors XIX 

J. Stjernsward 
(Ludwig Breast Cancer Study Group) Inselspital, University 
of Bern, Bern (Switzerland) 

B. A. Stoll 
St. Thomas' Hospital, London (Great Britain) 

J. S. Strobl 
National Cancer Institute, Bethesda, MD (USA) 

S. Thorpe 
The Fibiger Laboratory, Copenhagen (Denmark) 

R. K. Wagner 
Max-Planck-Institut fur Zellbiologie, Wilhelmshaven (Federal 
Republic of Germany) 

P. Weymar 
Universitats-Frauenklinik, Kaln (Federal Republic of 
Germany) 

J. E. Wittliff 
University of Louisville, School of Medicine and The Cancer 
Center, Louisville, KY (USA) 

Acknowledgement 

The editors wish to thank Mrs. Ingrid Beyrow for her in
valuable help in preparing this volume. 



Introduction 

B. Henningsen 

Klinikum der Universitiit Heidelberg, Chirurgische Klinik, KirschnerstraBe 1, 
D-6900 Heidelberg 1 (FRG) 

At various conferences held during the last few years, breast cancer has been an important 
subject of discussion. Therapeutic guidelines for primary and secondary treatment have been 
published by associations of surgeons and gynaecologists, and the need for cooperation has 
already found its expression in an interdisciplinary approach. 
In view of the enormous flood of published treatment results and treatment modalities it 
seemed appropriate to select one sub-section, i.e., endocrine therapy, and to consider it in 
more detail. Before the current place of endocrine therapy in the treatment of breast cancer 
could be determined it was necessary to assess the value of newly developed biochemical as
say methods and treatment modalities. 
More and more attention has been given to the remarkable advances achieved with che
motherapy in the treatment of advanced breast cancer. While in the past it was generally ap
plied only as "ultima ratio", chemotherapy has now become one of the most interesting 
therapies, especially since the introduction of combination chemotherapy by COOPER and the 
subsequent development of various modifications. Indeed, a remarkable step forward was 
achieved, in that remission rates could be raised from about 20% to 60% or even 
80%. 
The worldwide discussion on adjuvant chemotherapy added to the diversion of general 
attention from other treatment modalities. 
The traditional methods of ablative and additive endocrine therapy of breast cancer seemed 
to be declining in importance. Compared with the high remission rates following chemo
therapy, a remission rate of 30% achievable with unselected endocrine therapy was con
sidered by many workers to be too low. 
Consequently many efforts were made to develop practicable methods of selective endocrine 
therapy with accordingly higher remission rates. Morphological criteria were of no further 
help. Neither did the determination of the nuclear sex produce the desired result. Although the 
"discriminant function" developed by BULBROOK may give some indication as to the hormon
al dependence of tumours, this approach was not successful because it involves a very 
demanding procedure. 
The decisive step was taken by JENSEN and his group, who succeeded in demonstrating that 
the determination of hormone receptors in tumour tissues produced results of clinical 
relevance. In the meantime, various methodological approaches for oestrogen, gestagen, and 
androgen assays have been developed, which allow differentiation between receptor-rich and 
receptor-poor tumours. While in receptor-poor tumours practically no response to hormonal 
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manipulation can be observed, objective remission from endocrine treatment can be obtained 
in about 60% of the cases with receptor-rich tumours. The clinical application of this 
experience is beginning to gain ground. However, there are still organisational problems, 
which will have to be overcome. 
This new understanding of the mode of action of oestrogens at the cellular level stimulated the 
search for substances that would be able to block the receptor functions und thus the 
hormonal activity. 
Among the agents discovered, which were classified as anti-oestrogens, special attention is 
given to tamoxifen, a triphenylethylene derivative, which has now been tested worldwide in 
more than 1000 documented patients. 
Thus two positive innovations in the field of endocrine therapy of breast cancer have to be dis
cussed: 
First, the possibilities of a more selective approach by means of hormone receptor assay in tu
mour tissue, and second, the new modality of treatment available thanks to the development 
of receptor-blocking substances with anti-oestrogenic activity. 
Consequently a book on new approaches to endocrine therapy of breast cancer should give 
answers to the following four important questions: 

1) Are hormonal receptor assays as important as reported? 
2) Has the place of endocrine therapy relative to that of chemotherapy changed as a result of 

the developments mentioned? 
3) Does the development of anti-oestrogens demand a re-evaluation of the other ablative or 

additive endocrine therapies? 
4) Is it now necessary to resume the apparently closed discussion on adjuvant endocrine 

therapy and to consider it under new aspects? 

To answer these questions it was necessary to convene leading international research groups 
and to learn their experience. In this connection it was also of considerable importance to 
have interdisciplinary discussions in order to avoid one-sided assessment. 
On behalf of the Editors I would like to express here our sincere thanks to all contributing au
thors for their cooperation. 
Special thanks, however, go to all those who so generously made it possible to hold and pre
sent the discussions required. 



I. Improved Biochemical Characterization of Breast Cancer 

1. Improved Biochemical Characterization of Breast Cancer as a Guide 
to Hormonal Treatment 

R. K. Wagner and P. W. Jungblut 

Max-Planck-Institut fUr Zellbiologie, Postfach 1009, D-2940 Wilhelmshaven (FRO) 

From a theoretical point of view one would expect all oestrogen receptor-positive (ER + ) 
mammary carcinomas to respond to endocrine therapy. However, it is well known that this is 
not the case, since only 55%-60% of these tumours respond to endocrine measures while 
40%-45% donot(JENsENetal., 1972; ENGELsMANet al., 1973; MCGUIRE, 1975). The latter 
tumours are therefore called nonresponding ER + breast cancers. This group of breast 
cancers is currently a challenging problem. The question therefore arises as to whether the 
presence or absence of oestrogen receptor (ER) alone is an adequate parameter for the 
determination of the hormone dependency of breast cancers or whether it must be supported 
by further criteria. 
Since several physiological phenomena can exert a marked influence on cytoplasmic receptor 
levels, we believe that the ER alone is not the ideal marker for hormone sensitivity. 
These phenomena summarised in Table 1, Point 1, "endogenous hormone levels", need 
little comment. It is certain that cytoplasmic receptor concentrations are inversely related to 
steroid hormone levels in the plasma to which the tissue is exposed (WAGNER, 1977). We have 
observed fluctuations in the ER content that are not dependent on the ovaries (point 2) in sev
eral mammalian target tissues (HUGHES et al., 1976). An apparent circadian rhythm 
(point 2a) influences the uterine ER concentrations of ovariectomised rats, and a seasonal 
variation (point 2b) has been found in uteri of immature calves and ovariectomised pigs and in 
breast cancer biopsies from postmenopausal women. Finally, a steroid hormone-independent 
fluctuation of cytoplasmic ER (point 3) has been observed in the uteri of ovariecto
mised/hypophysectomised rats. Figure 1 shows two examples of the seasonal variation. 
In experiments where we measured the uterine ER in ovariectomised pigs every month during 
1975 (Fig. la), the receptor concentration was significantly lower in August, September, and 

Table 1. Physiological influences on cytoplasmic receptor concentrations 

I. Endogenous hormone levels 

2. Ovarian-independent variations: 
a. Circadian 
b. Seasonal 

3. Steroid hormone-independent fluctuations 
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October than in the other months. A similar phenomenon was observed in uteri of immature 
calves. 
Figure 1 b shows the results of 84 receptor analyses in primary breast cancers containing 
measurable receptor concentrations. This graph shows two maxima, in May and November, 
i.e., 6 months apart, and two minima, February through April and August through October, 
which are also 6 months apart. This would suggest that the ER concentration in breast cancer 
of postmenopausal women varies with a 6-month periodicity. This variation is significant ac
cording to the Kruskel-Wallis H-test. 
Figure 2 compares our data with those obtained by F. A. G. TEULINGS in Rotterdam (1976, 
personal communication) and by A. J. M. KOENDERS and Th. J. BENRAAO in Nijmegen (1977, 
personal communication), who recently analysed their data on postmenopausal cancers. 
They obtained almost identical patterns. It is especially interesting that the receptor low in Au
gust, September, and October coincides in three different species: namely calf, pig, and 
human. 
It would be interesting to know what mechanism induces these fluctuations of the receptor lev
els in target tissues. There are indications that it might be attributable to the release of adrenal 
steroids, which are peripherally aromatised. It is well known that the adrenal does not secrete 
at a constant rate and that there are circadian as well as seasonal fluctuations in steroid secre-
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Table 2. Oestrogen- and progesteron receptor and nuclear oestradiol content of premenopausal human 
mammary cancer in comparison to premenopausal uteri 

Mammary carcinomas 

Age Day of E2Ra E2a PRa 
cycle 

1 35 12 0.0 0.0 0.0 
2 41 1.6 0.0 0.0 
3 37 8 0.3 1.4 0.0 
4 40 4.4 0.7 0.0 
5 46 2.6 22.3 5.5 
6 41 5 8.4 3.2 8.8 
7 45 4 11.5 0.8 51.3 

Normal uteri 

1 32 12 6.7 15.3 35.7 
2 40 14 13.6 4.7 11.5 
3 44 18 7.7 3.6 13.9 
4 36 22 10.3 1.4 24.9 
5 37 23 4.1 1.1 7.4 

a Femtomoles per microgram of deoxyribose. 

tion (CURTIS, 1974). But it cannot be excluded that the receptor concentrations of target tis
sues might be modulated by "intrinsic" rhythmic variations. 
Considering that cytoplasmic receptor levels are influenced by endogenous hormones as well 
as by rhythmic fluctuations of unknown origin, it is clear that "normal baseline" levels of re
ceptors in target tissues do not exist. This fact considerably reduces the value placed on the 
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Table 3. Oestrogen- and progestin receptor and nuclear oestradiol 
content in 14 postmenopausal human mammary cancers 

Age E2Ra E2a PRa 

1 72 25.8 0.0 0.0 
2 80 7.3 0.9 0.0 
3 56 7.4 0.7 0.0 
4 69 3.2 2.2 0.0 
5 56 3.9 0.8 0.0 
6 64 5.4 0.4 5.6 
7 54 17.2 0.8 5.6 
8 86 12.7 3.1 3.3 
9 54 6.0 8.3 43.4 

10 74 29.3 6.2 13.3 
11 78 30.9 1.1 11.1 
12 54 0' 32.3 2.9 46.5 
13 69 12.4 2.2 3.2 
14 78 140.0 0.7 8.9 
15 64 0.0 1.4 6.8 

a Femtomoles per microgram of deoxyribose. 

quantitative ER assay as a sole indicator of hormone sensitivity. This assay must therefore be 
complemented by further criteria. 
Since in hormone-dependent breast cancers endogenous oestradiol is transported to the 
nucleus, where it is accumulated and retained, additional determination of the nuclear 
oestradiol content is the test most likely to lead to a considerable improvement in the 
prognostic value of the receptor assay. 
In addition, the cytoplasmic progestin receptor level should be measured, since its synthesis in 
hormone-responsive cancer appears to depend on ER action (HORWITZ and MCGUIRE, 
1975). 
In a preliminary study we have measured these three parameters simultaneously in some nor
mal human uteri and in a series of primary breast cancers. 
Table 2 shows a comparison between premenopausal mammary carcinomas and normal pre
menopausal uteri: as expected, all uteri contained relatively high amounts ofER, oestradiol in 
the nuclear fraction, and progestin receptor. 
However, the mammary carcinomas show quite diverse patterns: case 1 contains neither 
receptors nor nuclear oestradiol, thus indicating a failure in steroid binding. 
Case 2 contains ER, but no oestradiolis accumulated in the nuclear fraction. The transport of 
the hormone to the nucleus is obviously impeded. 
The next two cases contain ER and oestradiol in the nuclear fraction, but these tumours are 
apparently released from oestrogen control, since although oestradiol is accumulated in the 
nucleus, progestin receptor is not present. 
The next three cancers show a pattern similar to that observed in the normal uterus. 
A similar pattern was found in 14 primary mammary cancers of postmenopausal women (Ta
ble 3). Case 1 contains high amounts of ER only. The next four cases also contain con
siderable amounts of oestradiol in the nuclear fraction but progestin receptor is absent. All 
other cases show the normal pattern seen in the uterus. 
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Fig. 3. Oestradiol receptor levels in uteri from rats subjected to ovariectomy alone (*--*) and rats 
subjected to ovariectomy and hypophysectomy (8 .) 

Case 15 is remarkable in that we could not detect any ER, although oestradiol is accumulated 
in the nuclear fraction. Since we have a second cancer with a similar pattern, it is possible that 
this situation characterises the few cases in which a response to hormone ablative therapy was 
observed although ER was not measured. This could be explained either by experimental er
ror or by the presence of undetectable amounts of oestradiol receptor, and underlines the im
portance of having more than one parameter for assessing hormone sensitivity. 
The results presented in Tables 2 and 3 suggest that the presence ofER in breast cancer spe
cimens alone is not a reliable indicator of the determination of hormone sensitivity. In some of 
these tumours the hormone is not transported to the nucleus, while in other cases, where nu
clear oestradiol accumulation still occurs, the oestradiol-induced enhancement of trans
cription and translation is impaired. These tumours belong properly in the group of the so
called nonresponding ER + carcinomas. 
Thus, we are hopeful that the assessment of these three parameters will improve the prognos
tic value of the biochemical characterization of breast cancer. 
A striking fact noted in the data just presented is that most of the postmenopausal cancers 
contained surprisingly high nuclear oestradiol concentrations (see Table 3). The question of 
the source of this oestradiol therefore arises. 
Since oestrogen production in the ovaries declines rapidly after the menopause this oestradiol 
must be of adrenal origin, either due to direct synthesis or due to precursors that undergo peri
pheral aromatisation. This, of course, has striking consequences for the therapeutic measures 
to be taken in the case of carcinomas that are potentially hormone-responsive. A complete 
withdrawal of endogenous hormones by ablative surgery or by a chemical blockade of the 
adrenal cortex seems to be essential for successful treatment of these oestrogen-stimulated tu
mours (JUNGBLUT et aI., 1977). 
However, our latest results make it seem doubtful that even complete hormone withdrawal is 
fully effective (JUNGBLUT et aI., 1976). 
It now seems possible that receptor proteins can function without the steroid hormone. 
Figure 3 shows an example of a steroid hormone-independent fluctuation of ER in uteri of 
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Table 4. Receptor and oestradiol content" in purified uterus nuclei of ovariectomised or ovari-
ectomised/ adrenalectomised pigs 

Date Number Ablative treatment Days Binding Molecules 
of animals post op. sites oestradiol 

per nucleus per nucleus 

Sept. 13, 76 1 Ovariectomy 47 2,690 1,480 
Dec. 20, 76 3 Ovariectomy 56 3,010 1,270 
Jan. 26, 77 3 Ovariectomy 63 2,910 1,210 
Sept. 12, 77 1 Ovariectomy 47 2,170 210 
Oct. 17, 77 1 Ovariectomy 53 2,230 600 
May 03, 77 1 Ovariect./ Adrenalect.b 33 2,480 480b 

May 03, 77 1 Ovariect./ Adrenalect. 33 2,230 0 
May 03,77 1 Ovariect./ Adrenalect. 33 1,230 0 
Sept. OS, 77 1 Ovariect./ Adrenalect. 12 1,180 0 
Sept. OS, 77 1 Ovariect./ Adrenalect. 12 1,030 0 
Sept. OS, 77 1 Ovariect./ Adrenalect. 10 1,430 0 
Sept. OS, 77 1 Ovariect./ Adrenalect. 10 1,180 0 

" Detection limit for binding sites and oestradiol, 60/nucleus; interassay variation, 6%. 
b Hypertrophied remnants of adrenal cortex found. 
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Fig. 4. Receptor and hormone content of pig uterus nuclei after intrauterine oestradiol pulse. 0------0, 
binding sites on 14 Nov. 1977;. ., binding sites on 13 Feb. 1978; x--x, binding sites on 6 
Mar. 1978; 0---0, molecules E2 on 14 Nov. 1977; .---e, molecules E2 on 13 Feb. 1978; 
x --- x, molecules E2 on 6 Mar. 1978 

ovariectomised/hypophysectomised rats. In these animals steroid hormones are virtually 
absent, but ER is still synthesised and shows an irregular fluctuation with a periodicity of 
6-9 days. This receptor turnover in animals totally deprived of steroid hormones indicates 
that a receptor protein can regulate at least the transcription of its own messenger in the ab
sence of steroid hormone. 
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Fig. S. Nuclear ER pattern after pulses of oestradiol (. .), oestrone (0---0), or TAM 
(x - - - - - - x) in the pig-uterus system. Dosage was 20 ml 1 x 10-6 M IV in each case 

Another experimental fact that supports this concept is shown in Table 4: in five experiments 
with purified uterine nuclei from ovariectomised pigs we determined both the total nuclear re
ceptor content and the amount of oestradiol accumulated in the nuclei. On average there was 
three times more oestradiol receptor than oestradiol in the nuclei. In pigs that had also been 
adrenalectomised we found considerable amounts of nuclear receptor in six cases, but 
oestradiol was not detectable. Since oestradiol can be extracted quantitatively while ex
traction of nuclear receptor cannot be performed without losses, there are only two possible 
explanations for this phenomenon: the first one is that oestradiol and receptor leave the 
nucleus - after entering it together - at different rates, and the second is that the receptor en
ters the nucleus alone. The first seems highly improbable, since even 33 days after adrenal
ectomy the nuclear receptor is still present (Table 4). From our recent kinetic studies we 
know that receptor and oestradiol leave the nucleus at a similar rate, as shown in Fig. 4. In 
these experiments ovariectomised pigs received an intrauterine oestradiol injection. The 
animals were killed at different times after the oestrogen pulse, and the uteri were excised and 
used for a preparation of highly purified nuclei. Oestradiol and oestradiol receptor were 
determined in each batch of nuclei. Besides the parallel increase and decrease in the earlier 
stages (0-8 h), this experiment also showed that in the later stages (8-20 h) the nuclear recep
tor level increased again while the nuclear oestradiol content was still declining. Thus this ex
periment shows that the receptor can enter the nucleus without the assistance of the hormone. 
The presence of nuclear receptor in uteri of totally hormone-deprived pigs is also explained by 
this mechanism. 
In addition, this steroid-free receptor is able to induce oestrogen-specific synthetic events, 
since progesterone receptor was detected in the uteri of all ovariectomised/ adrenalectomised 
pigs. 
From all these data it can be concluded that complete hormone withdrawal alone is not a total
ly effective treatment for hormone-responsive cancers, but must be supplemented by an 
antihormonal treatment that incapacitates the receptor. 
The question therefore arises, as to whether tamoxifen (TAM) is such an ideal antihormone. 
Recently we have tested TAM in our pig-uterus system and found, as shown in Fig. 5, that 



10 R. K. Wagner and P. W. Jungblut 

TAM (if applied at the same concentration as oestradiol or oestrone) is not able to transfer re
ceptor from the cytoplasm to the nucleus. Since TAM competes with oestradiol at the 
receptor-binding site its biological effect might be explained by a blockade of the nuclear ER 
transfer. 
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It is now accepted that the determination of specific steroid-binding proteins in mammary car
cinoma tissue allows a forecast of the success of endocrine therapy (JENSEN et al., 1971; SAV
LOV et aI., 1974; MAASS et aI., 1975). The content of receptor protein varies and depends on 
the tumour tissue itself, e.g., primary tumour or metastases, on the endocrinological condition 
of the woman, and finally on the method of determination. It is important for the clinician to 
know whether the mammary carcinoma has definite steroid-binding proteins, especially 
oestradiol receptors (ER), or not. The limit of analytical detection is about 3 fmol/mg cytosol 
protein. We describe carcinomata as ER-positive if more than 5 fmol oestradiol/mg cytosol 
protein is bound. In the endocrine treatment of mammary carcinoma, it is striking that ER
positive tumours have shown remission in only about 60% of the cases. It seems therefore that 
the determination ofthe ER alone is not sufficient as a marker. In the search for other markers 
it has been shown that the determination of progesterone receptors (PR) in addition to ERs al
lows a more accurate statement on the hormone dependence of the tumour. 
The PR content appears to be under the influence of the oestrogens, and is detectable in about 
60% ofER -positive (ER + ) cases. The rate of response is higher after endocrine therapy when 
both ERs and PRs are present (MCGUIRE et aI., 1977). There is no confirmed evidence as to 
the importance of dihydrotestosterone receptors in mammary carcinoma. In this paper, two 
methods for the determination ofthe various steroid receptors are discussed. The transporting 
and storage of the samples are of decisive importance. The tissue should be placed on ice im
mediately after the operation, and conveyed to the laboratory in a refrigerating vessel. If im
mediate processing is not possible the tissue is frozen at -250 C. Storage for more than 
4 weeks should be avoided. The prepared carcinoma tissue is homogenised while cooling un
der liquid nitrogen in a microdismembrator and extracted with three to four times the amount 
of Tris buffer. After centrifugation the cytosol is incubated at saturation concentration with 
3H-labelled steroids. Unspecific binding is ascertained by competitive inhibition. The re
ceptor-bound steroids are separated from the free steroids either by agar gel electrophoresis 
(WAGNER, 1972) or by the second method with dextran charcoal suspension, according to the 
guidelines of the EORTC Breast Cancer Cooperative Group (1973). Electrophoresis permits 
a good separation of the ER complex from other protein complexes. Each incubation yields 
25 gel fractions. With the controls, 50 fractions per receptor assay are obtained. The gel frac
tions cannot be counted until after about 6 h. The receptor content is evaluated the next day. 
F or the charcoal method 1 ml charcoal suspension is added, shaken for 30 min and then cen
trifuged for 10 min, the radioactivity of the supernatant is counted, and the receptor content 
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Fig. I. Comparison of agar 
gel electrophoresis with the 
charcoal adsorption method 
in the determination of oes
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of mammary carcinoma. 
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is evaluated on the same day. In both methods the quantity of steroid bound to the receptors is 
related to the protein content of the cytosol after deduction of the unspecific ally bound 
fraction. The protein content is determined by the method of LOWRY et al. (1951), and usually 
lies between 2 and 15 mg protein/ml cytosol. By means of serial dilution, it has been 
established that electrophoretic receptor determination of solutions with less than 3 mg 
protein/ml can lead to false-negative results. Because of the relatively high expenditure of 
work and time and the lower sensitivity with dilute· extracts, agar gel electrophoresis is 

Table 1. Steroid receptors in mammary carcinoma 

Receptor No. of Positive Negative 
tumours 
examined 

17 f3-oestradiol 235 148 (63.0%) 87 (37.0%) 

Dihydrotestosterone 36 12 (33.3%) 24 (66.7%) 

Progesterone 24 12 (50.0%) 12 (50.0%) 

Table 2. Dependence of the oestradiol receptor content in mammary carcinoma on the age of the 
patient 

Age 30 31-40 41-50 51-60 61-70 71-80 81 

No. 4 24 51 49 67 34 6 

Positive (%) 50.0 50.0 51.0 69.4 70.1 79.4 100.0 

Negative (%) 50.0 50.0 49.0 30.6 29.9 20.6 0.0 
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unsuitable as a routine clinical method, and it is inferior to the charcoal method. Figure 1 
shows a comparison of the two methods in 27 ER determinations in mammary carcinoma tis
sue. There is good correlation of the values obtained, with a correlation coefficient of 
0.9. 
The results of our receptor determinations are presented in Table 1. Of 235 ER determi
nations, 63% were receptor-positive and 37% receptor-negative. As can be seen from Table 2, 
the receptor content is age-dependent. In the premenopausal group the receptor-negative pro
portion of 50% is higher than that in the postmenopausal group, with only 30%. Androgen 
receptor was determined in 36 tumour extracts. Only 33% of cases were receptor-positive. Be
cause of the low binding of dihydrotestosterone it is often difficult to determine the boundary 
between positive and negative. No connection could be detected between ER and DHT 
receptors. The difficulties that arise in the determination of PR through cortisol-binding 
globulin are well known (HORWITZ and MCGUIRE, 1975). Separation of the PR complex from 
the corresponding CBG complex is impossible with the agar gel method. For this reason we 
use the synthetic progestin R5020 (PHILIBERT and RAYNAUD, 1973), which is not bound by 
CBG. In 24 cases, half the tumours were PR-positive when determined electrophoretically. 
The data collected so far with the charcoal adsorption method show that the PR -positive frac
tion is lower. 
Our investigations have shown that the charcoal adsorption method is a rapid and sufficiently 
accurate procedure for the routine determination of ERs and PRs in mammary carcinoma. 
For the assessment of hormone dependence of mammary carcinoma simultaneous deter
mination of ERs and PRs is appropriate. 

References 

EOR TC Breast Cancer Cooperative Group: Standards for the assessment of estrogen receptors in hu
man breast cancer. Eur. J. Cancer 9, 379 (1973) 

Horwitz, K. B., McGuire, W. L.: Specific progesterone receptors in human breast cancer. Steroids 25, 
497-505 (1975) 

Jensen, E. V., Block, G. E., Smith, S., Kyser, K., DeSombre, E. R.: Estrogen receptors and breast can
cer response to adrenalectomy. Nat. Cancer Inst. Monogr. 34, 55-79 (1971) 

Lowry, O. H., Rosebrough, N. J., Farr, A. L., Randall, R. J.: Protein measurement with the Folin phe
nol reagent. J. BioI. Chern. 193, 265 (1951) 

Maass, H., Engel, B., Trams, G., Nowakowski, H., Stolzenbach, G.: Steroid hormone receptors in hu
man breast cancer and the clinical significance. J. Steroid Biochem. 6, 743-749 (1975) 

McGuire, W. L., Horwitz, K. B., Pearson, O. H., Segaloff, A.: Current status of estrogen and 
progesterone receptors in breast cancer. Cancer 39, 2934-2947 (1977) 

Philibert, D., Raynaud, J. P.: Progesterone binding in the immature mouse and rat uterus. Steroids 22, 
89-98 (1973) 

Savlov, E. D., Wittliff, J. L., Hilf, R., Hall, T. C.: Correlations between certain biochemical properties 
of breast cancer and response to therapy. Cancer 33, 303-309 (1974) 

Wagner, R. K.: Characterization and assay of steroid hormone receptors and steroid-binding serum 
proteins by agar gel electrophoresis at low temperature. Hoppe-Seylers Z. PhysioI. Chern. 353, 
1235-1245 (1972) 



3. Steroid Receptor Determination by Means of Agar Gel 
Electrophoresis 
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Since 1974 hormone receptor analysis has been carried out according to the method of 
WAGNER (1972) and WAGNER and JUNGBLUT (1976) on 171 human mammary carcinomata 
at the University Hospital of Tiibingen, Department of Surgery. In most cases only the levels 
of oestradiol receptors (ER) were measured; in the last 34 patients, however, cellular binding 
proteins for progestin and testosterone have also been determined (PHILIBERT and RA YNAUD, 

1973). 
The method of measurement with agar gel electrophoresis initially presented difficulties, until 
the apparatus had been modified by the provision of a cold plate, making it possible to keep the 
gel plate temperature lower than 5° C during the run. Immediately after completion of the 
operation the tissue was homogenised in an ice-bath. The 200 000 G supernatant was 
incubated for 2 h in an ice bath at a concentration of labelled steroids of 2 x 
10-8 M. 
The nonspecific steroid binding was measured on an extract that had been heated for 1 h at 
45° C. The specific receptor protein-steroid complex migrated to the anode in the cooled 
electrophoresis apparatus. For further details of the method see WAGNER and JUNGBLUT 

(1972). 
In addition to carcinomata, benign mammary tumours were also analysed. Out of 11 
fibroadenomas, eight (= 73%) had oestradiol receptor concentrations of 15-90 fmol/mg 
protein. According to the histological findings, the three adenomas without receptors were re-

Table 1. Hormone receptor analyses of mammary tumours during 1974-1978 at the University 
Hospital of Tiibingen, Department of Surgery 

Histological findings ER detectable ER not detectable 

Fibrocystic mastopathy (n = 14) 100% 0% 
Fibroadenomas (n = 11) 73% (100%) 27% (0%) 
Mammary carcinomata: 
Primary tumours (n = 171) 48% 52% 
Of these 
Adenocarcinomata (n = 12) 100% 0% 
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gressive1y transformed. A1l14 tissue samples offibrocystic mastopathy investigated showed 
oestradiol receptor concentrations of 10-30 fmol (Table 1). 
In seven cases of 171 with mammary carcinomata lymph node tissue with metastatic 
involvement was also investigated, in addition to the primary tumour. Hormone receptor 
analysis always yielded identical values. If the primary carcinoma contained oestradiol 
receptors these were also detectable in the lymph node metastases, and vice versa. 
A dependency on the grade of histological differentiation of the carcinoma could be dem
onstrated insofar as all 12 adenocarcinomas among the 171 malignant tumours showed an 
oestradiol receptor concentration of up to 240 fmol/mg protein. In total, 48% of the in
vestigated carcinomata were oestradiol-positive, and 52% oestradiol-negative. This relation
ship shifted slightly as a function of age; thus in 42 patients under 50 years only 36% of the 
carcinomas had oestradiol receptors, whilst in 38 patients over 70 years 47% were oes
tradiol-positive. 
So far, 34 mammary carcinomas have been analysed in which receptors for oestradiol, 
progestin, and testosterone were determined. The results were as follows: 
In the oestradiol-positive carcinomata of this group, 39% were progestin-positive; pro
gesterone receptors (PgR) were never found in oestradiol-negative tumours. Testosterone
binding protein was demonstrable in 52% of the oestradiol-positive carcinomata. Two of the 
34 mammary tumours (= 6%) had only testosterone receptors. 
The therapeutic implications of these hormone-receptor analyses at the above mentioned 
clinic are based on the clinical experience of MCGUIRE (1975), MCGUIRE et al. (1977), and 
MAASS et al. (1975). 
Depending on the menopausal status of the patient, an ablative or additive hormonal therapy 
is carried out in women with metastatic carcinomata in whom hormone receptors have been 
demonstrated in the primary tumour or metastases. Otherwise, in the absence of receptors, 
polychemotherapy is used for the treatment of metastases. 
Since a period of only 4 years has been surveyed, we can as yet make no statement on the clini
co-therapeutic correlation. However, we beleave that sufficient clinical experience has been 
gained at other medical centres to justify our decision to base hormonal therapy of metastatic 
carcinomata on the results of receptor analysis. 
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4. Estrogen Receptor Determination Predicts Response 
to Tamoxifen Therapy 
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Bethesda, MD 20014 (USA) 

Introduction 

Tamoxifen (TAM, ICI 46,474) is a nonsteroidal antiestrogen of the triphenylethylene family. 
The clinical use of TAM was first reported in 1971 (COLE et al., 1971), and early clinical trials 
suggested that TAM was useful in the treatment of metastatic breast cancer (COLE et al., 
1971; WARD, 1973; COLE et aI., 1972). These studies yielded response rates ranging between 
15% and 60% with minimal toxicity. 
Estrogen receptors (ER) are found in approximately 50% of breast tumor specimens obtained 
from metastases (McGUIRE et al., 1975). The presence of significant ER concentrations in a 
tumor specimen is associated with a response rate of about 60% to endocrine therapy, while 
its absence greatly decreases the likelihood of response to endocrine therapy (MCGUIRE et al., 
1977). 
The present study provides a preliminary analysis of response rate to TAM therapy as a func
tion of ER status. 

Materials and Methods 

Receptor Assays 

Biopsies of metastatic or inoperable localized breast cancer were trimmed of excess fat and 
nontumorous tissue and divided, one portion being submitted for confirming pathology in all 
cases. Samples for ER assay were kept on ice and then frozen in liquid nitrogen within 20 min. 
ER assays were performed as previously described (LIPPMAN and HUFF, 1976). When the 
sample was adequate, Scatchard analyses were performed to quantify the number of binding 
sites; otherwise assays were performed in duplicate at one or two concentrations of estradiol 
chosen to exceed several times the expected equilibrium dissociation constant. Data were ana
lyzed by computer-assisted methods (AITKEN and LIPPMAN, 1977). A positive ER assay was 
recorded when 10 fmol 3H-estradiol or more bound to each 1 mg cytoplasmic protein. No ad
justment of this value for menopausal status was used. 

Patients 

Twenty-six patients with metastatic or surgically unresectable primary breast cancer had ER 
assays performed on a specimen obtained immediately before the institution of TAM therapy. 
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TAM was administered orally twice a day at various dosages ranging from 2 mg/m2 to 
100 mg/m2. In all cases, response was assessed according to standardized response criteria 
(BREAST CANCER TASK FORCE TREATMENT COMMITTEE, 1977). In brief, complete response 
required the disappearance of all measurable disease, including healing of all bone lesions and 
a return of the patient to a premorbid performance status. Partial response required a 
shrinkage of at least 50% of all measurable disease. Though a given lesion might not regress to 
this extent, regression averaged over all lesions had to be equal to or greater than 50%. No new 
lesions could appear and no growth could be observed in a preexistent lesion. For purposes of 
this study, no patient was classified as having achieved a partial response unless improvement 
was maintained for 2 months or more. Only patients with complete or partial responses are 
termed objective responders. Any patient not achieving this degree of improvement was 
termed a nonresponder. 

Statistical Analyses 
Comparisons of proportions were performed by the contingency x2-test with continuity 
correction. Comparison of continuous or ordered polychotomous distributions was per
formed by the Wilcoxon rank sum test adjusted for ties (LEHMANN, 1975). This test requires 
no distributional assumptions of the data, as would a t-test. All significance levels correspond 
to two-sided statistical tests. 

Results 

Twenty-six patients were evaluable in this study. For a patient to be evaluable, a biopsy and an 
adequate ER assay performed immediately prior to therapy with TAM were required. Some 
characteristics of these patients are shown in Table 1. The ER-positive (ER+) and -negative 

Table 1. Characteristics of the patients treated with TAM as a function of estrogen receptor 
status 

ER+ ER-

Number of patients 19 7 
Mean ER value 

(fmols/mg cytoplasmic protein) 98 0.9 
Median age 53 51 
Menopausal status 

Premenopausal 1 4 
Postmenopausal 18 3 

Karnofsky performance status (mean ± SEM) 88 ± 6 90 ± 5 
Disease-free interval (median, months) 16 18 
Number of sites involved 

1 3 (16%) 1 (14%) 
2 10 (53%) 2 (29%) 

~3 6 (32%) 4 (57%) 
Prior therapy 

Endocrine 7 (37%) 1 (14%) 
Chemotherapy 10 (53%) 6 (86%) 
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(ER -) groups are essentially identical with respect to age, Karnofsky performance index, dis
ease-free interval, and number of sites involved with metastatic tumor. Ninety percent of the 
patients in the ER+ group had received prior systemic therapy, and all of the patients in the 
ER- group had been previously treated. Eighteen of 19 patients in the ER + group were post
menopausal, as against four of seven in the ER- group. The mean ER value, expressed as 
femtomoles per milligram of cytoplasmic protein, is 98 for the ER+ patients and 0.9 for the 
ER- group. 
Sites of involvement by metastatic breast cancer for ER+ and ER- patients were similar. In 
the ER+ group, six of the nineteen patients had visceral dominant disease, as against four of 
the seven ER- patients. This difference is not statistically significant. 
Overall, 11 of 19 (58%) patients whose tumors were ER+ responded to TAM therapy, as 
against none of the seven patients in the ER - group (p < 0.05). In the ER + group four of six 
patients with visceral dominant disease responded, compared with seven of thirteen patients 
with soft tissue and bone dominant disease. Thus patients with visceral metastases whose tu
mors were ER + had a similar response rate to antiestrogen therapy to that seen in patients 
with nonvisceral metastases. 

Discussion 

The response rate to endocrine therapy in patients with metastatic breast cancer is ap
proximately 30%. In 1971, ER was found in human breast cancer tissues and it was suggested 
that ER status might be useful in predicting tumor regression after endocrine manipUlation 
(JENSEN et aI., 1971). Over the past 7 years there has been a proliferation of reports 
correlating response to endocrine treatment with ER status. In 1974 these were summarized 
at an international workshop (MCGUIRE et aI., 1975). These collected data show that patients 
whose tumors possess ER have a response rate of 50%-60%, while tumors that lack ER have 
a response rate of less than 10%. There have been only a few studies attempting to correlate 
ER status with response to antiestrogen therapy, however. Recently, data were reported 
correlating ER status and response to TAM therapy (MORGAN et aI., 1976; KIANG and KEN
NEDY, 1977; O'CONNOR et aI., 1978). KIANG and KENNEDY reported on 59 postmenopausal 
patients with metastatic breast cancer. Overall, the response rate to TAM was 32%, but this 
increased to 60% in patients whose tumors were ER +. No patient whose tumor was ER - re
sponded. Our data are in agreement with those reported by these authors. Of our patients 
whose tumors were ER+, 58% responded, while we obtained a 0% response rate in ER- tu
mors. 
Our data also show that response rates are high in ER + tumors regardless of site of 
involvement with metastatic disease. Indeed, visceral metastases respond as well as skin or 
bone dominant disease. This differs from the traditional viewpoint, which is that visceral in
volvement is refractory to endocrine therapy. It appears that ER status has an overwhelming 
influence on response rate and that the relative insensitivity of visceral metastasis to endocrine 
therapy probably reflects the distribution of ER+ and ER- tumors at these sites. 
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Introduction 

Most patients with breast cancer initially present with locally resectable disease. Unfor
tunately, at least half these patients will eventually die of disseminated disease, proving that 
clinical resectability and cure are far from synonymous terms. Obviously many patients have 
clinically occult or microscopic metastases at the time of initial surgical intervention. Aside 
from suggesting the eventual clinical outcome there has been little need for accurate pre
diction of which patients would eventually have recurrences. With the recent exciting 
development of effective adjuvant regimens the need for careful and precise patient selection 
for systemic therapy has become mandatory. While several factors, such as tumor size, tumor 
location, histologic grade, local lymphatic invasion, and patient weight are of some value, axil
lary lymph node status has provided the best estimate of tumor recurrence rate, ranging to 
over 90% if four or more axillary lymph nodes are involved by tumor. Unfortunately, this is an 
insufficiently accurate guide to which patients have recurrences. Up to one-third of axillary 
lymph node-negative patients will eventually die of disseminated disease, while only one-half 
of patients with one node involved with the tumor will succumb to their disease. 
Several lines of evidence have suggested that estrogen receptor (ER) determinations may be a 
substantial aid in clinical assessment of the likelihood of eventual disease recurrence. ER-ne
gative (ER-) tumors have been shown to have high thymidine labeling indices and therefore 
more rapid proliferative rates than ER-positive (ER+) tumors (MEYER et aI., 1977). It has 
been reported that patients with ER - tumors have a shorter survival than patients with ER + 
tumors (WALT et al., 1976). Recently, KNIGHT et ai. (1977,1978) have shown that patients 
with ER + tumors have a longer disease-free interval and also a longer survival than patients 
with ER- tumors. This report analyzes the association between ER status and the disease
free interval, as measured from the time of mastectomy until first recurrence. 

Patients and Methods 

Receptor Assays 
Biopsies of primary tumors at the time of mastectomy and of metastatic lesions were trimmed 
of excess fat and nontumorous tissue and divided, with a portion submitted for confirming pa
thology in all cases. Samples for ER assay were kept on ice and then frozen in liquid nitrogen 
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within 20 min. Steroid hormone receptor assays were performed as previously described 
(LIPPMAN and HUFF, 1976). When the samples were adequate, Scatchard analyses were per
formed to quantify the number of binding sites; otherwise assays were performed in duplicate 
at one or two concentrations of 17,B-estradiol chosen to exceed the expected equilibrium dis
sociation constant by several times. Data were analyzed by computer-assisted methods 
(AITKEN and LIPPMAN, 1977). An ER assay was taken to be positive if 10 fmol 3H-estradiol 
binding per mg cytoplasmic protein was found. 

Patients 
From July, 1974 until September, 1977, mastectomy was performed in 182 women for 
resectable breast cancer; 110 women had biopsies of metastatic lesions. All patients were· 
from Georgetown University, Howard University, George Washington University, and the 
National Cancer Institute. Clinical information was obtained from the patient records. 
Recurrence of disease was documented by liver, bone, and brain scans, chest X-ray, and bone 
survey. Biopsies were usually performed if metastatic lesions were easily accessible. ER status 
did not influence the frequency or extent offollow-up examinations. Of the patients, 83% were 
followed for at least 1 year; 70% for at least 18 months; 42% for at least 2 years; 22% for at 
least 30 months, and 9% for at least 3 years. The median follow-up was 23 months. 

Statistical Analysis 
Comparisons of proportions were performed by the contingency x2-test with continuity 
correction. Comparisons of continuous or ordered polychotomous distributions were per
formed by the Wilcoxon rank-sum test adjusted for ties (LEHMANN, 1975). This latter test re
quires no distributional assumptions ofthe data, as would a t-test. All significance levels are of 
the two-sided type. 
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Fig. 2. The relationship be
tween the disease-free interval 
and ER status in patients with 
breast cancer. This figure 
includes only patients who 
had an assay performed on 
their primary tumor at the 
time of mastectomy and ex
cludes patients who had an 
assay performed on tissues 
from a metastatic lesion. 
0--0, ER-; ~--~, 
ER+ 

Figure 1 illustrates the relationship between disease-free interval and ER status in 292 patients 
with breast cancer. In this overall analysis, we included patients who had an assay performed 
on their primary tumor at the time of mastectomy and also patients who had an assay 
performed on metastatic lesions. The inclusion of patients with an assay performed on a me
tastasis leads to a bias in favor of recurrent disease. That is, patients who have not recurred 
may not belong to the same receptor popUlation as patients who have recurred. Even with this 
bias, patients with ER + tumors have a longer disease-free interval than patients whose tumors 
are ER- (P < 0.002). 
Figure 2 shows the relationship between the disease-free interval and ER status in 182 patients 
with breast cancer who had an assay performed on a sample taken from their primary tumor 
at the time of mastectomy. This analysis excludes 110 patients included in Fig. 1 who had an 
assay performed on tissue from a metastatic lesion. Of the 182 patients, 79 had ER- primary 
tumors, and thus far recurrent disease has been documented in 24 patients. Of the 103 patients 
with ER + primary tumors, only eight have recurrent disease. Ninety-one percent of the ER + 
patients are free of disease at 2 years, compared with 62% of the ER- patients. The two 
curves are significantly different at the P < 0.001 level. 
Table 1 analyzes the ER + and ER - groups with regard to age, menopausal status, number of 
positive nodes, and size of the largest primary nodule. The two groups are similar and none of 
the differences in these prognostic factors is statistically significant. Twenty-five percent of 
patients in the ER + group received adjuvant chemotherapy, compared with 32% in the ER
group. In 8% of the patients the adjuvant status was unknown. Although these differences are 
not statistically significant, we felt it necessary to analyze our data excluding all patients who 
had received adjuvant therapy. Figure 3 shows the proportion of patients free of disease ver
sus time from primary surgery as a function of ER status for the 108 patients who did not re-
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Table 1. Comparison of the ER+ and ER- groups with regard to factors that may affect the 
disease-free interval 

Age 
< 30 

30-39 
40-49 
50-59 
60-69 

~ 70 
Menopausal status 

Premenopausal 
Postmenopausal 

Size of the largest primary nodule 
< 2 cm 
> 2 cm 

Number of positive axillary nodes 
0 
1-3 
~4 
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Table 2. The relationship between ER status and disease-free interval as a function of nodal status, 
tumor size and menopausal status 

Rate of recurrence 

ER+ ER-

Axillary nodal status 
0 5/52 8/30 (P < 0.02) 
1-3 0/13 6/23 (P = 0.08) 
4 2/20 7/21 (P = 0.05) 

Tumor size 
< 2 cm 4/36 7/30 (P < 0.04) 
> 2 cm 1/40 10/28 (P < 0.001) 

Menopausal status 
Premenopausal 1/20 14/32 (P < 0.01) 
Postmenopausal 4/76 7/37 (P < 0.01) 

ceive adjuvant chemotherapy. Of these patients, 41 were in the ER - group and 13 have recur
rent disease, compared with 5 of 67 patients in the ER + group with recurrent disease (P < 
0.001). This analysis shows that the ER status influences the disease-free interval in patients 
who are not receiving adjuvant chemotherapy. 
Table 2 shows the effect ofER status on disease-free interval as a function of other prognostic 
factors that could affect the disease-free interval. Axillary nodal status, tumor size, and 
menopausal status are examined. In all categories, ER + patients have a significantly lower re
currence rate than patients whose tumors are ER -. Thus, it appears unlikely that differences 
in known prognostic variables can explain the improved disease-free interval in ER + patients 
compared with that in ER - patients. 
At present our data are too preliminary for analysis of the effect of ER status on patient sur
vival. 

Discussion 

Recently, KNIGHTet al. (1977,1978) have shown thatER positivity is associated with a pro
longed disease-free interval and also with increased survival. These authors examined 145 pa
tients. Sixty-three percent were ER + and 37% had primary tumors that were ER -. Not only 
did the ER+ group have a prolonged disease-free interval, but also this association was 
independent of age, nodal status, tumor size and location, and postoperative therapy. 
Our data agree with these results. Patients with ER + tumors have a prolonged disease-free in
terval compared with patients with ER- tumors. The two groups were similar with respect to 
age, menopausal status, tumor size, and axillary nodal status. In addition, the relationship be
tween ER positivity and prolonged disease-free interval was present irrespective of tumor size, 
nodal status, and menopausal status. In each of these categories, patients with ER + tumors 
had a prolonged disease-free interval. Thus, ER appears to be an independent prognostic fac
tor in breast cancer. These data are also consistent with reported data showing that ER- tu-
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mors have high thymidine labeling indices and rapid proliferative rates. Both of these factors 
could lead to the shorter disease-free interval characteristic of ER- tumors. 
Finally, these data have certain implications for the treatment of breast cancer. IfER status is 
indeed associated with a prolonged disease-free interval, then it seems logical to stratify future 
adjuvant therapy trials according to receptor status, as is now done for other prognostic fac
tors such as tumor size and axillary nodal status. Second, caution would be required in 
comparing disease-free interval in patients receiving adjuvant chemotherapy with disease
free interval in an historical control group, unless ER status is known for both groups. Third, 
these studies clearly encourage the extension of adjuvant therapy trials to axillary lymph 
node-negative ER- patients, because of their high rate of recurrence. Finally, the low rate of 
recurrence in ER + patients, together with the very high incidence of ER positivity in 
postmenopausal patients, may contribute to the failure of adjuvant regimens to show any sig
nificant advantage in older women, given the relatively short periods of follow-up thus far ana
lyzed. 
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Oestrogen receptors have a well-established value in prediction of the response to endocrine 
treatment in advanced breast cancer. Recent data have given evidence that the receptor status 
could also be of value for predicting the chemotherapeutic effect. This was first pointed out by 
LIPPMAN et al. (1978). A similar trend had been observed in the prospective trial being 
conducted by KING (1978) and our own data also give the same impression (JONAT and 
MAASS, 1978) (Table 1). 

Table 1. ER status versus remission rate after cytotoxic 
agents 

Receptor JONAT LIPPMAN KING 
assay 

ER+ 6/14b 3/25 11/19 
(43)' (12) (58) 

ER- 20/28 34/45 8/12 
(71) (76) (67) 

• Numbers in parentheses are response rates (percentage). 
b Number of patients with remission/total number of pa-

tients. 

Table 2. Clinical course of oestrogen receptor-positive versus ER-negative patients under endocrine 
treatment 

No. Objective No change Previous No effect 
remission Partial remission remission 

R. of another lesion 

ER+ 53 34 = 64% 5 7 7 = 13% 

ER- 52 3 4 2 43 = 83% 
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Table 3. ER-receptor status in metastases of human 
breast carcinoma. (KORSTEN et aI., 1974; LEUNG et 
aI., 1974) 

Site of biopsy ER+ ER-

Soft tissue 42% 58% 
Viscera 61% 39% 
Bone 55% 45% 

Liver 87% 13% 

Table 4. Influence of interval between menopause and beginning 
of hormone therapy. (Modified from HEUSON, 1974) 

A.M.A." C.B.C.G.b STOLLc 

Interval Remission Remission Remission 
(years) (%) (%) (%) 

0-4 12 7 7 
5-9 38 29 23 

>9 37 20 26 

a A.M.A., Council on Drugs (1960). 
b C.B.C.G., COOPERATIVE BREAST CANCER GROUP (1964). 
c STOLL (1973). 
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Contradictory findings were reported by FRENNING'S group to the American Society of 
Clinical Oncology in April, 1978, however. Therefore, we need further information on this 
very important point, especially insofar as it concerns the selection of patients for adjuvant 
trials. 
On the other hand, the fact that about 40% of receptor-positive patients with metastatic breast 
cancer have no objective response to endocrine treatment is one of the main problems, 
although the remission rates in this group selected for receptor status are absolutely compara
ble to those after chemotherapy. Ifwe include patients with partial remission (less than 50% of 
bulk) and no change in their disease there have been over 75% clinically favourable responses 
in our material (Table 2). 
Nevertheless, this correlation is not yet satisfactory. We know that quantification of oestro
gen-receptor content and determination of other receptors can lead to better results, these pa
rameters are needed, probably together with certain morphological examinations, for better 
characterisation of the tumour. 
There have been clinical experiences with prognostic factors that have not been in full 
agreement with the receptor status. The prognostic criterion of the length of the disease-free 
interval seems to be in line with the receptor findings. JENSEN (1978) and KNIGHT et al. (1977) 
observed a shorter disease-free interval in patients with no or a very low oestrogen-receptor 
content in their tumours. In our material we did not find a significant difference, but 
nevertheless there probably is a link. 
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Fig. 1. Treatment.of advanced breast cancer. ER, oestrogen receptor; PgR, progesterone receptor 

The other important clinical parameter for response to endocrine manipulations is the site of 
metastases. We all know that patients with visceral metastases, especially of liver and brain, 
are poor responders to any kind of endocrine therapy. This is obviously not reflected in the re
ceptor status. Table 3 shows the data of LEUNG et al. (1974) and KORSTEN et al. (1974), who 
published a reasonable number of receptor determinations from liver metastases. The rate of 
"positives", especially among liver lesions, is disproportionately high. This is in contrast to 
our clinical experience and knowledge. 
The third clinical parameter is the duration of menopause. Patients in the first 5 years after 
menopause are very poor responders to ablative and additive endocrine treatments. This well
known fact is demonstrated in Table 4. The reason for it is unknown. We do not know whether 
there are any data available on the endocrine milieu of these patients, for example expressed as 
a discriminant function. 
The oestrogen receptor data give no explanation for this phenomenon. Figure 1 does not dif
ferentiate the ER-positive cases according to the menopausal status of patients with primary 
breast cancer. The women who are in the early years of menopause show quantitative ER 
contents comparable to those of elderly patients. It cannot be excluded that patients who de
velop metastases during this phase of their lives may have a higher proportion of receptor
negative metastatic lesions, but it seems unlikely. 
In conclusion, there are patients who are not suitable for endocrine treatment only, regardless 
of their positive receptor status. In consequence they are candidates for a combined hormonal 
and cytotoxic therapy. Ifwe exclude these ER-positive patients with unfavourable prognosis 
from our trials we should achieve better correlations in the remaining subjects. 
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II. Antiestrogens in Experimental Breast Cancer 

7. Anti-Oestrogen Action in Experimental Breast Cancer 

V. C. Jordan, K. E. Naylor, C. J. Dix, and G. Prestwich 

Department of Pharmacology, Medical and Dental Building, University of Leeds, 
Leeds LS29JT (U.K.) 

The pharmacological response to a drug is dependent upon efficient absorption after ad
ministration, followed by distribution to the site of action. The duration of the pharma
cological effect is directly related to the biological half-life of the parent drug and its active me
tabolites. At the molecular level, the tissue response is the result of an interaction of the drug 
and its metabolites with a biochemical target or receptor. 
In laboratory animals tamoxifen (l-p-,B-dimethylaminoethoxyphenyl-trans-l,2-diphenylbut
l-ene) is metabolically hydroxylated to mono- and dihydroxytamoxifen (FROMSON et al., 
1973), and it has been shown that these metabolites are pharmacologically active in the rat 
(JORDAN et al., 1977a). Structural derivatives of tamoxifen that cannot undergo metabolic 
para-hydroxylation are only weakly anti-oestrogenic in the rat (CLARK and JORDAN, un
published observation), so that the ability to be hydroxylated seems to be an advantage for 
tamoxifen's activity in vivo. 
Since the properties oftamoxifen in laboratory animals may be the net result of a complex in
teraction of the parent drug and its metabolites with either oestrogen target tissues or 
hormone-dependent cancers, we describe the pharmacology of tamoxifen and its metabolite 
monohydroxytamoxifen (Fig. 1) in the present review. 

Uterine Effects of Tamoxifen and Monohydroxytamoxifen 

Classic tests (e.g., vaginal cornification and uterine wet weight) for assay of oestrogenic and 
anti-oestrogenic activity have shown tamoxifen to be an anti-oestrogen with a partial oestro
gen-agonist activity in immature (HARPER and WALPOLE, 1967; JORDAN, 1976a) and 
ovariectomised rats (JORDAN and KOERNER, 1976). Monohydroxytamoxifen has similar 

TAMOXIFEN 

Fig. 1. Structure of tamox
ifen and its metabolite mono

MONOHYDROXYTAMOXIFE N hydroxytamoxifen 
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Fig. 2. Effect of administration (sc in 
0.1 ml arachis oil) of 0.08 f.Lg oestradiol 
alone (0) or oestradiol and various 
doses of the anti-oestrogens monohy
droxytamoxifen (e) or tamoxifen (_) 
to immature rats for 3 days on uterine 
wet weight. Animals were killed on 
day 4. Results are means ± SEM (bars), 
with ten rats in each treatment group. 
(Data from JORDAN, V. C. et aI., 
1978b) 

110 

CI> 
E 

90 

80 
1: 
CI> 
.~ 

60 

50 

~ 0·\& 0:32 0!64 1·~8 ,; 

Daily dose (1'9) 

31 

pharmacological properties but it is more potent than tamoxifen. (J ORDAN et ai., 1977 a). This 
is illustrated in Fig. 2. To facilitate some understanding of the reasons for the application of 
anti-oestrogens in the treatment of hormone-dependent cancer it is perhaps pertinent to 
review the various cellular and subcellular effects of oestrogens and compare these effects 
with those observed with tamoxifen and monohydroxytamoxifen. 
Since the pioneering work of JENSEN and JACOBSEN (1962) on the binding of 3H-17/3-
oestradiol in immature rat oestrogen target tissues (uterus and vagina), intense interest has fo
cussed upon the initiation and control of oestrogen-dependent events. Oestradiol is believed to 
stimulate uterine growth by selectively binding to oestrogen-receptor (ER) proteins located in 
the cell cytoplasm, which are then translocated in association with the steroid to the nucleus 
where RNA and DNA synthesis is initiated (JENSEN and DE SOMBRE, 1973). 
Tamoxifen and monohydroxytamoxifen inhibit the binding of 3H -oestradiol in vitro to the 8S 
cytoplasmic ER protein derived from human (HUNTER and JORDAN, 1975; JORDAN and 
KOERNER, 1975a; JORDAN et ai., 1977a) and animal (JORDAN and KOERNER, 1975b; 
POWELL-JONES et ai., 1975; JORDAN and DOWSE, 1976) oestrogen target tissues. The 
antagonism of oestrogen binding has been shown to be competitive (SKIDMORE et ai., 1972). 
Recently, studies with 3H-tamoxifen have demonstrated direct binding to the rat uterine 8S 
ER (JORDAN and PRESTWICH, 1977a; CAPONY and ROCHEFORT, 1978). 
The administration of tamoxifen or monohydroxytamoxifen depletes the cytoplasmic ER 
pool in a dose-dependent manner (JORDAN et ai., 1978b) by translocating the reSUlting 
complexes to the nucleus (JORDAN et ai., 1977b; KOSEKI et ai., 1977a). 
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Fig. 3. The effect of sc injection 
of oestradiol benzoate (25 fLg in 
0.5 ml 0.9% saline) and tamoxifen 
(250 fLg in 0.5 ml 0.9% saline) on 
immature rat uterine progesterone 
receptor content (pmol/ 1 00 fLg 
DNA: ~) and uterine DNA 
(fLg/uterus: .) content. Progeste
rone receptors were determined 
with 3H-R5020 according to the 
method described by Vu HAl and 
MILGROM (1978), and DNA was 
determined by the method of BUR
TON (1956) with calf uterine DNA 
standards 72 h after administration. 
Results represent mean ± SEM 
of groups of four determinations. 
(Data from JORDAN, V. C. et a1. 
in press) 

Table 1. The effect of sc administration of oestradiol benzoate (25 fLg in 0.1 ml arachis oil) or 
monohydroxytamoxifen (25 fLg in 0.1 ml arachis oil) to immature female rats on endometrial 
thickness and mitosis. Uteri were obtained 24,48, and 72 h after administration. Colchicine (100 fLg in 
saline) was administered 7 h before sacrifice to facilitate mitotic counts 

Treatment Endometrial thickness· Mean % of endometrial mitoses 
(hours after administration) (fLm ± SEM) (n = 20) (± SEM) n = 50 

Control 14.4 ± 0.4 0 

Oestradiol benzoate 
24 h 25.3 ± 0.7 0.18 ± 0.18 
48 h 42.9 ± 1.4 22.9 ± 0.93 
72h 25.6 ± 0.66 9.22 ± 0.88 

Monohydroxytamoxifen 
24 h 27.1 ± 0.95 0 
48 h 44.3 ± 1.13 0.07 ± 0.07 
72h 55.7 ± 1.06 0.47 ± 0.19 

• All treatments significantly (P < 0.001 by Student's t-test) increased endometrial thickness over that 
in controls. 

Tamoxifen produces a partial rise in uterine wet weight but only slightly increases the uterine 
DNA content in ovariectomised (JORDAN, 1976a) or immature (JORDAN et ai., 1977b) rats. 
The inability to stimulate a rise in uterine DNA content is unaffected if the administered dose 
oftamoxifen is increased. Injection of 25"",g (CLARK et ai., 1978) or 250 "",g tamoxifen (Fig. 3) 
does not increase the uterine DNA content. In contrast, oestradiol or oestradiol benzoate 
does increase rat uterine DNA content. These observations have been confirmed histo
logically (JORDAN et ai., 1980). Oestradiol benzoate produces an increase in endometrial cell 
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division, resulting in hyperplasia, whereas tamoxifen increases endometrial cell size with 
virtually no cell division. The principle is illustrated in Table 1, where the effects of oestradiol 
benzoate and monohydroxytamoxifen on endometrial cell thickness and mitosis are com
pared. 
Although uterine cell division is inhibited by anti-oestrogens, protein synthesis seems to be ini
tiated in the hypertrophied cells. Tamoxifen (JORDAN and PRESTWICH, 1977b; KOSEKI et al., 
1977b; Fig. 3) and monohydroxytamoxifen (JORDAN and PRESTWICH, 1978; DIX and JOR
DAN, 1978) produce rises in the concentration of rat uterine progesterone receptors. Therefore 
the anti-oestrogen-ER complex has produced a separation ofthe biological functions of uter
ine protein synthesis and DNA synthesis. 
The anti-oestrogen-stimulated rises in uterine progesterone receptors may have important im
plications for the future clinical management of endometrial carcinoma and the resulting me
tastases. Tamoxifen inhibits the binding of 3H-oestradiol to ERs derived from human uterine 
adenocarcinomata (JORDAN and KOERNER, 1975a), which suggests that anti-oestrogens 
might be expected to inhibit oestrogen-stimulated growth. Iftamoxifen could also sensitise the 
carcinomata to the pharmacological effects of progestin therapy then a careful clinical study 
of all the practical therapeutic regimens should be undertaken. It is interesting to note that a 
combination of nonsteroidal anti-oestrogens and progestins has a synergistic effect on the 
growth inhibition of rat uterine adenocarcinoma cells in tissue culture (SEKIYA and TA
KAMIZAWA, 1976). 

Effect of Tamoxifen and Monohydroxytamoxifen 
on Dimethylbenzanthracene (DMBA)-Induced Mammary Carcinomata 

Mammary carcinomata induced by a single oral administration of DMBA to 50-day-old 
Sprague Dawley rats were first described by HUGGINS et ai. (1961). Tumours appear 
60-200 days after carcinogen administration. The initiation of tumour induction requires a 
stable hormone environment, since ovariectomy (DAO, 1962) and a variety of antihormone 
(HEUSON et ai., 1971) and pharmacological therapies (KLEDZIK et ai., 1974) will inhibit or re
tard the appearance oftumours. The majority of established DMBA-induced tumours regress 
following ovariectomy or hypophysectomy (STERENTAL et ai., 1963), and the tumours in 
ovariectomised rats regrow in response to oestradiol or prolactin administration (PEARSON et 
al., 1972). The modelis complicated by the factthat oestradiol can stimulate prolactin release 
(CHEN and MEITES, 1970), and the precise mechanism of hormonal control of the tumours 
has remained obscure. The possibility that both prolactin and oestradiol are necessary for tu
mour homeostasis has been suggested (SINHA et al., 1973; LEUNG and SASAKI, 1975), and 
this thesis can be defended at the subcellular level since both ERs (KING et ai., 1965; MOBBS, 
1966) and prolactin (TURKINGTON, 1974; KELLY et ai., 1974) receptors have been shown to 
be present in the tumours. 
Tamoxifen is effective in preventing the initiation (JORDAN, 1974; 1976b) and inhibiting the 
growth of hormone-dependent DMBA-induced rat mammary carcinomata (NICHOLSON and 
GOLDER, 1975; JORDAN and DOWSE, 1976; JORDAN and JASPAN, 1976a; JORDAN and 
KOERNER, 1976). The effectiveness of daily administration of tamoxifen on the growth of 
mammary tumours on a single rat is illustrated in Fig. 4. Each tumour responds individually, 
about 10%-15% of a tumour population being completely unresponsive. The antitumour ac
tivity appears to be reversible; once the anti-oestrogenic effects disappear after a short course 
of therapy, Le., when the compound is cleared from the body, some of the tumours continue to 
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Fig. 4. Effect of daily sc administrations of tamoxifen (50 f-Lg in 0.1 ml arachil oil) on the growth of 
DMBA-induced mammary carcinomata in a single female rat. Tumours were measured weekly with 
calipers in two dimensions; length (I) and width (w). Tumour area was calculated according to the for
mula 7T x t x w/2. Oestrous cycles stopped during tamoxifen therapy (rz::!) and resumed 1 week after the 
cessation of treatment. (Data from JORDAN, V. C., 1976a) 
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Fig. Sa, b. Effect of CB 154 (bromocryptine) or tamoxifen on the growth ofDMBA-induced tumours 
< 200 days after DMBA (a) or > 200 days after DMBA (b). Compounds (CB 154 1.5 mg; tamoxifen 
50 f-Lg) were administered daily and the mean tumour areas compared before (~) and after 3 weeks of 
therapy (_). The number of tumours followed is shown in parentheses. Comparisons by means of Stu
dent's I-test before and after therapy (a): CB 154 and tamoxifen P < 0.01. All other values P > 
0.05 
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grow. Tumour 6, for example, regressed rapidly during tamoxifen therapy but started to 
regrow when therapy was stopped. In a continuation of the experiment not shown in the fig
ure, this tumour regressed upon ovariectomy but regrew during the daily administration of 
oestradiol. 
The age of the tumour after DMBA seems to have important implications for the successful 
outcome of antihormone therapy. Young tumours, used for experiments no later than 
200 days after DMBA, usually regress in response to 3 weeks of therapy with either ta
moxifen or an inhibitor of prolactin release such as CB154 (Fig. 5a). In contrast, older 
tumours (more than 200 days after DMBA) appear to be refractory to the effects of 
antihormone therapy (Fig. 5b). 

Possible Modes of Action of Tamoxifen 

Tamoxifen could potentially have an effect at one or all of three major sites, thereby modifying 
the hormonal environment in which the tumour is growing: 
1) Chemical oophorectomy by inhibition of the synthesis of ovarian steroids, 
2) Inhibition of oestrogen-stimulated prolactin release from the pituitary, 
3) Blockade of ERs in the mammary tumour so that direct oestrogenic effects are inhibited 
(whilst the direct effects of prolactin may be modified). 
Each of these mechanisms will be considered in turn. 

1) Chemical Oophorectomy 

Tamoxifen has been found to reduce the circulating levels of oestradiol in the rat (WATSON et 
al., 1975) by inhibiting the synthesis of oestradiol in the ovary (WATSON and ALAM, 1976; 
WATSON and HOWSON, 1977). Reductions in the peripheral levels of circulating oestradiol 
during tamoxifen therapy have been reported in animals with DMBA-induced tumours 
(JORDAN and KOERNER, 1976). Clearly a reduction in the levels of oestradiol would reduce 
the direct effects of oestradiol on the tumour and may also modify oestrogen-stimulated 
release of prolactin from the pituitary. 

2) Inhibition of Oestrogen-Stimulated Prolactin Release 
Nonsteroidal antioestrogens partially inhibit oestrogen-stimulated rises in plasma prolactin 
(HEUSON et al., 1971, JORDAN et al., 1975) but whereas tamoxifen will produce a dose-related 
decrease in the rise in oestradiol-stimulated uterine wet weight in ovariectomised rats, this 
trend is not paralleled by the circulating levels of prolactin (Table 2). Tamoxifen will only pro
duce about a 50% reduction in the circulating prolactin levels and is unable to reduce plasma 
levels to those observed in ovariectomised rats. 
Results in intact animals have been confusing. Tamoxifen inhibits (or delays) the pro-oestrous 
surge of prolactin (JORDAN et al., 1975), but studies in rats with DMBA-induced tumours 
have failed to show a uniform decrease in circulating prolactin levels (NICHOLSON and 
GOLDER, 1975; JORDAN and KOERNER, 1976). It is interesting to note that in one study (JOR
DAN and KOERNER, 1976) a group of rats whose tumours continued to grow during tamoxifen 
treatment had a high circulating level of prolactin. This finding is consistent with the report 
that perphenazine, a stimulator of prolactin secretion, can reverse tumour regression by 
tamoxifen (MANNI et al., 1977). An interesting parallel can perhaps be drawn with the effects 
of pharmacological doses of oestrogen on the growth ofDMBA-induced tumours. Oestradiol 
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Table 2. Mean (± SEM) uterine wet weights and plasma prolactin levels of ovariectomised rats treated 
for 8 days with sc injections of oestradiol alone or in combination with increasing doses of tamoxifen 
(8 rats per group) (Data from JORDAN, V. C. and KOERNER, S., 1976) 

Tamoxifen 
flg/day 

12.5 
50.0 

200.0 
800.0 

Oestradiol 
flg/day 

5 
5 
5 
5 
5 

Uterine wet weight 
(mg) 

152 ± 7c 

515 ± 19 
443 ± 19b 

378 ± 27C 

290 ± llc 

252 ± 13c 

Plasma prolactin level 
(ng/m1) 

22.8 ± 5.7c 

304.4 ± 48.4 
240.8 ± 27.3 
179.4 ± 16.83 
183.1 ± 4.73 
172.9 ± 27.93 

a-c Levels of significance compared with oestradiol-treated rats, by Student's t-test: a P < 0.05; b P < 
0.02; c P < 0.001; other values P > 0.05. 

benzoate alone or in combination with ergocornine, an inhibitor of prolactin release, provokes 
tumour regression (QUADRI et al., 1974) and reduces prolactin binding in tumour tissue 
(KLEDZIK et al., 1976). The inhibitory effects of oestrogen can be reversed by the simul
taneous administration of prolactin (MEITES et al., 1971). This suggests that high doses of oes
trogen may interfere directly with the stimulating action of prolactin on mammary tumour tis
sue, despite the ability of oestrogen to stimulate prolactin release. Tamoxifen may therefore 
have an action at the hypothalamo-pituitary axis, modifying the secretion of prolactin, or at 
the level of the tumour cell, modifying the effects of prolactin. 

3) Inhibition of Oestrogen Binding 
Tamoxifen inhibits the binding oPH-oestradiol in DMBA-induced tumour tissue determined 
either in vivo (JORDAN, 1976b; JORDAN and DOWSE, 1976) or in vitro (NICHOLSON and 
GOLDER, 1975; JORDAN and JASPAN, 1976a). Figure 6 illustrates the effect of3 weeks ofta
moxifen administration on the binding of 3H -oestradiol in vivo. The levels of radioactivity in 
uterus and vagina were significantly reduced in tamoxifen-treated animals and the levels of ra
dioactivity in DMBA-induced tumours were reduced to those found in nontarget tissue 
(heart). At the subcellular level, the binding of 3H-oestradiol to the 8S ER protein derived 
from DMBA-induced tumours is inhibited by tamoxifen (POWELL-JONES et al., 1975; 
JORDAN and DOWSE, 1976). Oestradiol and tamoxifen translocate ERs from the cytoplasm 
to the nucleus, but unlike oestradiol tamoxifen cannot sustain rises in RNA polymerase 
activity in the tumours (NICHOLSON et al., 1977). 
JENSEN et al. (1971) have suggested that the presence of the ER in human breast cancer may 
indicate the dependence of the tumour on oestrogen. Since DMBA-induced tumours exhibit a 
spectrum of oestrogen binding activities (MOBBS, 1966), we applied JENSEN'S concept to ex
perimental rat mammary cancer in an attempt to rationalise the heterogeneous responses to 
tamoxifen. Rats with established DMBA-induced tumours (approximately 2 cm2 in cross
sectional area) were biopsied and the ER concentrations were determined (JORDAN and 
JASPAN, 1976a). Three types of tumour response occurred to three weeks of tamoxifen 
(50 ftg/day) therapy (Fig. 7). At low levels of oestrogen binding « 12 fmol/mg cytosol 
protein) the tumours either remained static or continued to grow during therapy. As the ER 
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Fig. 6. Binding of 6,7 3H-oestradiol (30 flCi) 
in vivo in rat uterus (U), vagina (V), and 
heart (H), and in DMBA-induced tumour 
(T) samples. Animals were treated with either 
arachis oil (control) or tamoxifen (200 flg 
daily) for 3 weeks to produce a significant 
reduction in tumour area (P < 0.05). Ani
mals were killed 4 h after 3H-oestradiol ad
ministration and tissues were dried, weighed, 
and burnt in a Packard Tricarb tissue oxi
dizer to determine the levels of radioactivity. 
The numbers of samples are shown in pa
rentheses. Comparisons by Student's [-test 
between treated and control groups gave the 
following results: U, P < 0.001; V, P < 
0.01; T, P < 0.001; H, P > 0.05. (Data 
from JORDAN, V. C. and DOWSE, L. J., 
1976) 

Fig. 7. The types of DMBA-induced tumour 
response to 3 weeks of tamoxifen therapy 
(50 flg/day), based on the ER concentration 
in biopsy samples taken prior to therapy. 
Details of the ER assay with a sensitive 
Sephadex LH20 column method for separa
tion of bound and free 3H-oestradiol are in 
JORDAN and JASPAN (1976a). Tumours were 
measured before (~) and after (_) therapy. 
The numbers of tumours are shown in pa
rentheses. Comparisons of before and after 
therapy by Student's [-test: group B P < 
0.001; other groups P > 0.05. (Data from 
JORDAN, V. C. and JASPAN, T., 1976b) 
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concentration in the biopsy samples increased (12-36 fmol/mg cytosol protein) there was a 
greater probability of increasing tumour regression. At high concentrations of ERs 
(> 36 fmol/mg cytosol protein) the mean tumour response was < 50% regression and not 
complete tumour regression, which might be expected if all the tumour cells were oestrogen
dependent. In these tumours it is possible that the dose of tamoxifen was inadequate to 
provoke regression or, alternatively, that the tumours contained a low concentration of cells 
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with abnormally high levels of ERs. It is also possible that an inadequate inhibition of 
prolactin release might aid tumour survival. 
In conclusion, it appears that tumours containing low ER levels do not respond to tamoxifen 
therapy, whilst tumours with more ERs are highly likely to respond to tamoxifen ther
apy. 

Anti-Oestrogens as a Potential Adjuvant Therapy 

Although the simultaneous administration oftamoxifen and DMBA reduces the numbers of 
rat mammary tumours (JORDAN, 1974; JORDAN, 1976b), the model is unsatisfactory for the 
study of anti-oestrogens as adjuvant therapy. It is possible that simultaneous administration 
of the anti-oestrogen with DMBA results in the alteration of the receptive nature of the breast 
tissue so that the carcinogen is less effective in producing a cellular insult. We have formed the 
opinion that the model would be more acceptable if animals were used 30 days after DMBA 
administration. It is assumed that at this time the carcinogen will have been effective in 
producing microfoci of deranged cells, which would be analogous to the clinical situation in 
which micrometastases are present in a patient after the primary tumour has been removed at 
surgery. 
A short course (4 weeks) of different doses oftamoxifen produced a dose-related decrease in 
tumour incidence (Fig. 8). Although tumour production was initially decreased by increasing 
doses of tamoxifen, it is important to note that the majority of animals developed tumours 
eventually. Their appearance was thus delayed rather than inhibited. 
A comparison of equal doses of tamoxifen and monohydroxytamoxifen, administered be
tween 30 and 60 days after DMBA, demonstrated that the pharmacological properties of an
titumour activity and anti-oestrogenic activity were not paralleled in this assay. Although 
monohydroxytamoxifen is a more potent anti-oestrogen than tamoxifen, it was less effective 
than tamoxifen in delaying tumour appearance (Fig. 9). Since it was possible that mono-
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Fig. 8. The effect of sc administra
tion of different daily doses of ta
moxifen (0.2, 3, 50, or 800 flg/day 
in 0.1 m1 arachis oil 5 days per 
week) between 30 and 60 days (1Zil) 
after DMBA on the percentage of 
rats (15 per group) developing tu
mours by 200 days after DMBA. 
Controls received arachis oil alone. 
All tumours were identified histolog
ically as adenocarcinomata. 
• ., controls; 0---------0, rats 
treated with 0.2 flg tamoxifen/day; 
0--0, 3 flg/day; A--A, 
50 flg/day; .---11, 800 flg/day 
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Fig. 9. The effect of daily SC 
administration (5 days per week) 
of either monohydroxytamoxifen 
(.&--.&; 50 /-Lg) in 0.1 m1 ara-
chis oil or tamoxifen ( ________ , 50 
/-Lg in 0,1 m1 arachis oil) between 
30 and 60 days (~) after DMBA 
on the percentage of rats (15 per 
group) developing tumours by 
200 days after DMBA. Controls 
(e e) received arachis oil 
alone. All tumours were identified 
histologically as adenocarcinomata 

Fig. 10. The effect of daily SC 
administration (5 days per week) 
of either monohydroxytamoxifen 
(.&--.&; 50 /-Lg in 0.1 m1 arachis 
oil) or tamoxifen (_ _; 50/-Lg 
in 0.1 ml arachis oil) between 60 
and 90 days after DMBA (~) 
on the percentage of rats (15 per 
group) developing tumours. Con
trols (e e) received arachis 
oil alone. All tumours were iden
tified histologically as adenocar
cinomata 
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hydroxytamoxifen had no antitumour activity and that anti-oestrogenic activity was unim
portant in this model, we decided to treat animals with the same drug regimens, but this time 
between 60 and 90 days after DMBA, i.e., when the first palpable tumours were appearing. If 
monohydroxytamoxifen was an active antitumour agent then tumours in the treated group 
would not appear as early as controls. With this experimental design monohydroxytamoxifen 
effectively delayed tumour production, whilst tamoxifen appeared to be less active (Fig. 10). 
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Fig. II. The effect of daily sc adminis
tration (5 days per week) of tamoxifen 
(50 I1g in 0.1 ml arachis oil) for a short 
period (30-60 days after DMBA 
.-- .) or continuously (30-200 days 
after DMBA 0---0) on the percent
age of rats (20 per group) developing 
tumours. The experiments were under
taken at different times and the related 
controls (0----0 and e e) re
ceived arachis oil alone. All tumours 
were identified histologically as adeno
carcinomata. ~ treatment periods 

After treatment ceased, tumours appeared rapidly in animals previously treated with mono
hydroxytamoxifen, whereas tumour appearance in tamoxifen-treated animals was perhaps 
slightly slower. 
We have previously shown (JORDAN and NAYLOR, 1978) that the uterine effects produced by 
monohydroxytamoxifen are not maintained as long as the effects produced by tamoxifen, 
suggesting that the biological half-life (as well as potency) of a particular anti-oestrogen is an 
important property for antitumour activity. 
Finally, since a short course oftamoxifen therapy only delayed the appearance of tumours in 
the adjuvant therapy model, we then compared a short course of therapy with continuous 
therapy. Groups of rats were treated either from day 30 to day 60 after DMBA or from 
day 30 to day 200 after DMBA. The appearance of tumours was almost completely inhibited 
in animals during continuous tamoxifen therapy (Fig. 11). In conclusion, it is clearly an 
advantage in this model for adjuvant therapy to maintain blood levels of tamoxifen for a pro
longed period to effectively suppress tumour production. 

Summary and Conclusions 

Tamoxifen is a partial oestrogen agonist in the rat and inhibits oestrogen-stimulated vaginal 
cornification and oestrogen-stimulated uterine wet weight increases. Monohydroxyta
moxifen, the reported first metabolite oftamoxifen, is a more potent anti-oestrogen. At the cel
lular level, oestradiol increases endometrial mitosis, whereas both tamoxifen and mono
hydroxytamoxifen cause endometrial cells to hypertrophy without undergoing division. 
Although anti-oestrogens inhibit cell division, the uterus is metabolically active, since the con
centration of progesterone receptors is increased. This potential sensitisation of uterine cells 
to the pharmacological effects of progestins may have important implications for the future 
application of combinations of anti-oestrogens and progestins in the treatment of endometrial 
carcinoma and the resultant metastases. 
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Tamoxifen inhibits the initiation and growth ofDMBA-induced rat mammary carcinomata. 
Young tumours appear to be more sensitive to the effects of antihormone therapies and older 
tumours are refractory to treatment. The growth ofDMBA-induced tumours is dependent 
upon the effects of oestrogens and prolactin. Anti-oestrogens may modify the hormonal 
environment of the tumour by reducing ovarian oestrogen synthesis, by inhibiting oestrogen
stimulated pituitary prolactin release, or by inhibiting oestrogen binding in tumour tissue. Tu
mours with a low ER concentration do not respond to tamoxifen therapy. 
Although anti-oestrogens are effective in controlling the growth of the majority of established 
tumours, it is difficult to achieve complete tumour remission. This situation is not unlike the 
clinical experience with anti-oestrogen therapy in advanced breast cancer. Clearly it would be 
an advantage to treat animals with a small tumour load to achieve a cure. We have described a 
model for adjuvant therapy in which tamoxifen administration on days 30-60 after DMBA 
produced an early dose-related inhibition of tumour incidence. Tumour production was only 
delayed, however, rather than inhibited. Monohydroxytamoxifen was less active than ta
moxifen in this model, and it is concluded that high-potency anti-oestrogens with long 
biological half-lives have an advantage as antitumour agents. Continued administration ofta
moxifen on days 30-200 after DMBA almost completely inhibited the appearance of 
tumours. The data suggest that short courses of antihormone therapy as adjuvant therapy 
may ultimately be ineffective in controlling hormone-dependent metastases and prolonged 
treatment cycles may have to be considered. 
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Introduction 

Since the original identification of cytoplasmic estrogen receptors (ER) in human breast 
cancer (JENSEN et al., 1971), rapid progress has been made towards linking presence of the re
ceptor with endocrine responsiveness of the tumor. It is now known that the likelihood of a 
successful response to endocrine therapy is increased at least tenfold in patients whose tumors 
are positive for ER (ER+) (MCGUIRE et al., 1975). However, not all ER-containing tumors 
respond, and this has led to the concept that ER are necessary but not sufficient markers 
of hormone dependence. We have demonstrated progesterone receptors (PgR) in human 
breast tumors (HORWITZ et al., 1975a) and have proposed that this receptor, whose synthesis 
is known to be controlled by estrogen in the uterus, might serve as a marker of estrogen action 
in breast cancer (HORWITZ et al., 1975b). Thus, the presence ofPgR in a tumor would indicate 
that the entire sequence involving estrogen binding to cytoplasmic receptor, movement of the 
receptor complex into the nucleus, and stimulation of a specific end product can be achieved 
in the tumor cell, and would rule out the existence of a defect beyond the binding step. 
Though this proposal assumes that PgR are under control of estrogen acting through ER, this 
priming effect had not been demonstrated in human breast cancer. We have used the MCF -7 
human breast cancer cell line to study the response ofPgR to estrogens and antiestrogens. The 
MCF-7 cell line, derived from a patient with metastatic breast cancer (SOULE et al., 1973), is 
ideally suited to study the mechanism of PgR induction. These cells are in permanent tissue 
culture, contain ER (BROOKS et al., 1973; HORWITZ et al., 1975a), and are estrogen
responsive (LIPPMAN et aI., 1976). Cells grown without estradiol have low PgR levels 
(HORWITZ et al., 1975a). MCF-7 cells have an unusual ER distribution; unfilled receptor sites 
can be demonstrated in the cytoplasm (Rc) and are also associated with nuclei (Rn) (ZAVA 
and McGUIRE, 1977; ZAVA et al., 1977). This chapter summarizes our recent work in this 
model system, which shows that PgR are under estrogen control and that PgR synthesis in
volves the ER. We have also studied the effects of antiestrogens and find that tamoxifen 
(TAM) is a potent inducer of PgR in these cells. This estrogenic property (LEAVITT et al., 
1977) of TAM is masked at very high doses (1 ~,which also inhibit cell growth. Another 
antiestrogen, nafoxidine (NAF), in contrast, has little if any effect on PgR when tested over a 
wide dose range. The fact that growth-inhibitory effects of both antiestrogens can be reversed 
by estradiol (LIPPMAN et aI., 1976; ZAVA et aI., 1977) suggests that the effects of these 
compounds are mediated through the ER system. 
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Furthermore, we describe (HORWITZ and MCGUIRE, 1978a) a complex response system in 
cells in which ER binding and translocation and turnover of nuclear receptors or their 
"processing" mediate the induction of PgR by estradiol. Though antiestrogens can bind and 
translocate Rc and bind Rn, the subsequent nuclear receptor-processing step is partially 
(TAM) or completely (NAF) impaired (HORWITZ and MCGUIRE, 1978b). This may explain 
the differential effect of these two antiestrogens on PgR induction. 

Estradiol, ER, and PgR Synthesis 

Binding, Translocation, and Processing of ER 

Estradiol enters the cell and binds to unfilled receptor sites, which are found both in cytosol 
(Rc) or more or less firmly associated with nuclear components (Rn). The newly formed hor
mone-receptor complex is rapidly translocated to sites in the nucleus from which it can only be 
extracted with buffers of high ionic strength (RnE). Bound nuclear receptors then undergo 
rapid turnover or processing; within 3-5 h, 70% or more of RnE sites are lost from the 
cells without reappearance of unfilled sites. Much later (a period of several days for PgR in
duction) we see formation of specific products or effects on growth or DNA synthesis. 
The data from an experiment in which we follow these movements and changes in ER levels 
are shown in Fig. 1. The untreated cells (C) have approximately half their unfilled sites 
associated with the nucleus (Rn) and half in the cytoplasm (Rc). There are no filled nuclear 
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Fig. I. Effect of oestradiol on ER distribution in MCF -7 cells. Cells were treated for the times indicated 
with 10 nM estradiol added to MEM containing stripped calf serum, insulin, hydrocortisone, and pro
lactin. Control flasks received the same medium without estradiol. Cytoplasmic and nuclear ER were 
measured by the single saturating dose protamine assay (ZAVA and MCGUIRE, 1977). Values have 
been corrected for nonspecific binding. e, unoccupied cytoplasmic receptors (Rc, 4° C incubation); 
unoccupied nuclear receptors (Rn, 4° C incubation); 0, occupied nuclear receptors (RnE, 30° C-4° C 
incubations). (Adapted from HORWITZ, K. B. and MCGUIRE, W. I., 1978c) 
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sites (RNE). Within 5 min after the addition of 10-8 M estradiol, Rc and Rn are no longer 
measurable and all cellular receptors appear in the nucleus bound to estradiol. Starting at 
about 30 min and continuing for 3-5 h we see a progressive loss of RnE. Processing is 
essentially complete by 5 h; thereafter RnE levels stabilize at the new steady-state level as long 
as the cells are kept on oestradiol. If the hormone is removed (HORWITZ and McGmRE, 
1978a) there are several effects: the binding of estradiol as RnE is remarkably prolonged. At 
least some estrogen (E) always remains bound to nuclear receptors even 8 days after the hor
mone has been removed. However, in addition, unft11ed cytoplasmic and nuclear sites are re
stored. Restoration of cell ER cannot be explained by loss of E from the nuclear receptor fol
lowed by redistribution of the newly emptied sites. Instead, both cytoplasmic receptors (Rc) 
and nuclear receptors (Rn) are clearly being synthesized de novo, and this synthesis is 
reflected in the restoration of total cellular ER. 

ER Processing and Estradiol Dose 

The extent of receptor loss during processing depends on the dose of estradiol, as shown in 
Fig. 2. The cells grown on estrogen-free medium have approximately equal levels of Rc and 
Rn. With increasing doses of estradiol there is progressive depletion of these unfilled sites. At 
0.1 nM only 15% of sites remain unfilled and virtually complete depletion occurs at higher 
doses. Rc does not remain in the cytoplasm in bound form (RcE, 30° C incubation; not 
shown) or in cytoplasmic organelles (0.6 M KCl extract of high-speed pellet). We conclude 
that Rc is translocated to the nucleus while Rn sites are filled so that all receptor is in the nu
cleus in bound form (RnE). 
However, the quantity ofRnE measured at different doses varies. After a 4-day treatment at 
the lower doses, though Rc and Rn decrease, there is little accumulation of occupied nuclear 
receptors (RnE). Instead, levels of total cellular receptors (Rc + Rn + RnE) become 
progressively lower. At the higher estradiol doses free cytoplasmic and nuclear receptors are 
entirely depleted but total receptor levels (as RnE) are only 30% of total cell receptors 
present in controls. There appears to be a limit to amount of receptor loss, however, so that 
at higher doses RnE accumulation occurs. 

Fig. 2. Effect of estradiol on ER distri
bution in MCF-7 cells. Cells (four T-75 
flasks per treatment group) were treated 
for 4 days with increasing estradiol con
centrations (0.001-100 nM) added to 
MEM containing stripped calf serum, 
insulin, hydrocortisone, and prolactin. 
Control flasks received the same medium 
without estradiol. Cytoplasmic and nu
clear ER were measured by the single 
saturating dose protamine assay. Values 
have been corrected for nonspecific bind
ing. e, unoccupied cytoplasmic receptors 
(Rc, 4° C incubation), 0, unoccupied 
nuclear receptors (Rn, 4° C incubation); 
x, occupied nuclear receptor (RnE, 
30° C-4° C incubations); .&, total cell 
receptors (Rc + Rn + RnE). (HORWITZ, 
K. B. and MCGUIRE, W. L., 1978a) 
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ER Processing and PgR Induction 

Figure 3 compares the amount of ER that is processed at different estradiol doses with the 
amount of PgR induced. The extent of free receptor binding and processing parallels PgR in
duction. Induction is incomplete at low doses if receptor binding and processing is incomplete, 
reaches a maximum at 0.1 nM when RnE processing is maximal, and is not increased further 
by accumulation of unprocessed RnE. This suggests that processing may be an essential step 
in the induction of a specific protein by estradiol. These studies with cells of human breast 
cancer origin show that one response to estradiol treatment is an increase in levels of PgR, as 
would be predicted from studies of chick oviduct (SHERMAN et aI., 1970), rat uterine PgR 
priming (FABER et aI., 1972), and cyclic changes in PgR levels observed in the human 
endometrium (BAYARD et aI., 1975). Our results clearly show that human breast cells that 
have undergone malignant transformation can continue to synthesize a specific protein under 
hormone control. Furthermore, these results lend credence to our hypothesis (HORWITZ et aI., 
1975b) that the presence ofPgR in biopsies of human breast tumors indicates that in situ the 
tumor was exposed to, and was capable of responding to circulating estrogens. Since the tu
mor, in one instance, has remained hormone-responsive, one might suspect that other 
estrogen-sensitive effects have also been retained. 
We must emphasize, however, that PgR induction is only one product of estrogen action. The 
data cannot be construed to mean that other estrogen responses will necessarily be present. 
We find, for instance, that the growth of M CF -7 cells is estrogen-sensitive, but that unlike 
PgR, the growth is not estrogen-dependent. Thus, effects of estrogens on growth and PgR in
duction might well be dissociated. We find this to be true in some DMBA-induced tumors as 

~ 3 
Cl 

~ 
"-a 
E 
0. 

1 
§. 
0:: 
W 

6 
Q) 

13 
::l 
Z 

o 

o 0.001 0.01 0.1 

Dose estradiol ( nM) 

-----0-----0 

10 100 

1.50 

1.25 

iOO 

0.75 <l: 
Z 
Cl 

~ 
0.50 ...... 

~ 
0. 

025 

Fig. 3. Comparison of ER processing (e e) and PgR induction (0 - - - - 0). Cells were 
incubated as described in Fig. 2. ER was measured and the amount of ER lost at each dose 
(control-total) plotted. PgR measured by single saturating dose assay: 200 f.LI cytosol incubated 4 hat 
4° C, in triplicate, with 20 nM 3H-R5020 alone or with 100fold excess R5020. After 15 min incubation 
with dextran-coated charcoal suspension, cytosols were centrifuged, and aliquots of the supernatant 
counted to determine bound radioactivity. Data shown are corrected for nonspecific binding. (Adapted 
from HORWITZ, K. B. and MCGUIRE, W. L., 1978a) 
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well. Occasional tumors grow in castrated rats so that growth can be considered estrogen
autonomous, while tumor PgR levels decline and could therefore be considered estrogen
dependent (HORWITZ and MCGUIRE, 1977). Conversely, we would predict that tumors 
regressing during high-dose estradiol medication would have elevated PgR levels. 
Our studies strongly suggest that estrogen stimulation ofPgR involves ER. First, the extent of 
PgR induction closely parallels both the binding and translocation of Rc and the binding of 
Rn. Second, PgR induction is correlated with ER processing during estradiol stimulation; 
when processing ceases PgR levels fall. 
The nature of processing is unclear. It may represent loss of the steroid-binding site, or be an 
active state in which a new equilibrium between receptor degradation and synthesis is 
achieved (SARFF and GORSKI, 1971; WILLIAMS and GORSKI, 1972), or represent a re
distribution of receptor within nuclear binding sites of differing affinities (DEHERTOGH et al., 
1973) or specificities (SCHRADER et al., 1972), or sequestration of receptor to sites inac
cessible to salt extraction (CLARK and PECK, 1976; RUH and BAUDENDISTEL, 1977). We will 
return to these questions later. In any event, our data suggest that the processing step is satu
rable, that peak activation occurs when RnE processing is maximal, and that the RnE 
accumulated in excess of that processed may be superfluous. That is, a dose of 0.1 nM 
estradiol is equal to 10 nM estradiol, despite the fact that for the former some Rc remains, 
while for the latter some unprocessed RnE remains. 
In attempts to extend our understanding of the role of nuclear processing in ER action, we 
have studied the effects of antiestrogens. 

Nafoxidine and Tamoxifen Effects on PgR and ER Processing 

ER Compartmentalization and Processing 

Tamoxifen (TAM) and nafoxidine (NAF), two nonsteroidal antiestrogens, are potent growth 
inhibitors ofMCF-7 cells when present in high doses (LIPPMAN et al., 1976; HORWITZ et al., 
1978; ZAVA et aI., 1977). Doses above 50 nM are inhibitory for NAF, and doses above 
100 nM are inhibitory for TAM. These effects are probably mediated through the ER system 
and are not simply toxic effects of the compounds, since they can be reversed by addition of 
estradiol at concentrations 100- to 100Ofold lower than the antiestrogen. 
Estradiol, TAM, and NAF have distinctly different effects on ER in MCF-7 cells. Figure 4 
shows the levels of total cytoplasmic and total nuclear receptors in cells during 5 h of hormone 
or antagonist treatment. Untreated control cells have only unfilled ER. When estradiol 
(10 nM) is added, Rc binds the hormone, and the receptor-hormone complex is rapidly 
translocated, as shown by the reciprocal increase of receptor in the nucleus (RnE) and 
decrease in the cytoplasm within 5 min. Rn also binds the hormone rapidly, so that in 5 min all 
cell receptors are in the nucleus in bound form (RnE); they then fall rapidly to processed lev
els. In the presence of TAM or NAF, Rc also translocates, and receptor accumulates in the 
nucleus. This recompartmentalization is slower with antiestrogens than with estradiol. The 
subsequent processing step is quite different for the antiestrogens. With TAM, processing also 
results in decreased nuclear receptor levels; however, whereas the decrease represents 
30%-50% loss from control levels, it is never as extensive as that seen with estradiol. This 
processed level is also maintained as long as cells are exposed to TAM. In cells treated with 
NAF, all cell receptors also accumulate in the nucleus, but no subsequent processing of 
receptor occurs. 
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Fig. 4. Kinetics of ER distribution after estradiol or antiestrogen treatment. Cells were treated as in 
Fig. 1 with estradiol (e, 10 nM), TAM (0, 0.1 ftM), or NAF (x, 1 ftM). ER was measured by 
protamine sulfate precipitation. (HORWITZ, K. B. and MCGUIRE, W. E. 1978b) 
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Fig. 5 A-C. Effect of hormone dose on cytoplasmic ER levels (0------0, Rc) and total ER 
(e e) in the cell. Cells in T-75 flasks were grown for 4 days with MEM containing 5% stripped 
calf serum, insulin, hydrocortisone, and prolactin alone, or with varying doses of estradiol (A), TAM 
(B), or N AF (C). A Data from cells in passage # 1 74; B from cells in passage # 1 75; C from cells in pas
sage #177. In each group the untreated control is shown as o. Cells from four flasks were pooled and 
homogenized, and cytoplasmic and nuclear ER were measured by the single saturating dose protamine 
exchange assay. Total cell ER is the sum of unfilled cytoplasmic (Rc, 4°) and total nuclear sites (filled 
plus unfilled, 30°). The percentage ofthe total that represents Rc is also shown. The difference between 
Rc and total is nuclear receptor. The number of receptors in pmol/mg DNA for control cells are: Rc, 
2.0; Rn, 2.1 (A); Rc, 1.2; Rn, 2.4 (B) and Rc, 3.1; Rn, 1.6 (C). (HORWITZ, K. B. and MCGUIRE, W. E., 
1978b) 
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Effect of Antiestrogen Dose on ER Processing 
As we have shown above, the steady-state level ofER achieved when cells are incubated with 
estradiol for over 5 h depends on the estradiol dose used. 
With increasing doses of TAM, Rc are also progressively depleted. At 100 nM more than 
95% of Rc are translocated. However, total receptor levels fall to only 70% of control values 
even at the highest doses (Fig. 5b). No processing at all is seen with N AF, despite complete Rc 
depletion (Fig. 5c). 

Effect of Antiestrogen Dose on PgR Induction 
Again, with antiestrogens, as with estradiol, processing parallels PgR induction. Figure 6 
shows that TAM is a potent inducer of PgR. While low doses have only minimal effects at in
termediate doses, PgR induction equals or exceeds that obtained with estradiol (not shown). 
When doses are raised further, PgR levels are suppressed even below control levels. This high 
(1 flM) TAM dose is markedly antiestrogenic: at this dose, but not at lower doses, we see inhi
bition of cell growth and eventual cell death. N AF (Fig. 7), in contrast to TAM, has little or no 
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Fig. 6. Cytoplasmic PgR (0) and ER (x - - - x) levels in cells treated with varying doses of TAM 
(l0- 1O-1O-6M). Control cells were untreated (none). Cells from four T-75 flasks were pooled and as
sayed for PgR by the single saturating dose DCC assay: triplicate 100-ftl aliquots of cytosols were in
cubated for 4 h at 4° C with 20 nM 3H-R5020 alone or with 100foid excess R5020. After 15 min incu
bation with a DCC suspension, the charcoal was pelleted and aliquots of the supernatant were counted 
to determine bound radioactivity. ER was determined by the single saturating dose protamine sulfate 
assay: 200-ftl aliquots of cytosols, in triplicate, were precipitated with 250 ftl . 1 mg/ml protamine sul
fate. The protamine bound receptor was incubated for 18 h at 4° C with 5nM 3H-estradiol with and 
without 100foid excess DES. Pellets were washed and counted. Data shown are corrected for 
nonspecific binding. (HORWITZ, K. B. et al., 1978) 
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Fig. 7. Effect of varying doses 
of NAF on growth and PgR 
in MCF-7 cells. Cells were 
treated for 5 days with MEM 
containing 5% stripped calf 
serum, insulin, hydrocortisone, 
and prolactin (C) or this me
dium with the addition of vary
ing doses of NAF (0.1 
nM-1 flM) with estradiol (E2, 

10 nM) or TAM (0.1 flM). Four 
similarly treated T-75 flasks 
were pooled, cells were homog
enized, and cytosols were as
sayed for PgR by the single 
saturating dose DCC assay. 
Growth was determined by 
DNA measurement (16) of the 
105,000 g pellet. (HORWITZ, K. 
B. et a!., 1978) 

effect on PgR at any dose studied. The slight increase at high doses may reflect an effect on 
another receptor (ZA v A, unpUblished). 
These results show that in breast cancer cells of human origin, the ER system mediates 
antiestrogen action. Antiestrogens bind and translocate cytoplasmic ER; they also bind the 
free nuclear receptor present in the cells. In these respects estrogen antagonists resemble es
tradiol. However, the subsequent nuclear processing reactions of estrogen- and antiestrogen
bound receptors are dissimilar. After estradiol, nuclear hormone-receptor ,complexes fall 
rapidly to less than one-third of control values. This pathway of receptor processing is either 
impaired (TAM) or fails entirely (NAF) for the antiestrogen-receptor complex. Our data 
would further suggest that processing is an active step in ER function, at least in the special 
case of PgR induction, and does not simply serve to return receptor to the cytoplasm. This 
step appears to be defective when antiestrogens bind the receptor. 
With estradiol and TAM, processing of receptor occurs despite the continuous presence of the 
hormones. This differs from the loss of nuclear ER described in the rat uterus (GIAN
NOPOULOS and GORSKI, 1971; ANDERSON et al., 1975) following a single pulse of estradiol. 
The latter have shown that if estradiol is administered to the rat so as to maintain elevated 
blood levels of the hormone, nuclear receptors rise to very high levels. Thus, significant 
differences are found between the early nuclear reactions ofthe ER -hormone complex ofhu
man tumor cells and those in the rat uterus, the usual model for estrogen action. Other tissue 
differences in mechanisms ofER action have also been reported (LAZIER and ALFORD, 1977; 
CIDLOWSKI and MULDOON, 1976), suggesting perhaps that studies of estrogen action in uteri 
cannot always be extrapolated to other tissues. 
Estrogenic and antiestrogenic responses in the rat uterus are characterized as early ( < 6 h) or 
late (24 h) (HARDIN et ai., 1976; LAN and KATZENELLENBOGEN, 1976; STORMSHAK et al., 
1976), and different control mechanisms may be required for each. Upon initial injection both 
responses are evoked by antiestrogens (CLARK et ai., 1974, KATZEN ELLENBOGEN and 
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FERGUSON, 1975, CAPONY and ROCHEFORT, 1975); however, late responses cannot be 
elicited either by estradiol or by antiestrogens if a primary antiestrogen injection precedes 
either of these by 24 h (KATZENELLENBOGEN et al., 1977; FERGUSON and KATZENEL

LENBOGEN, 1977). This has led to models of estrogen action having at least two nuclear bind
ing sites for the ER complex, one of which is accessible to antiestrogen-receptor complexes. 
These models are further supported by evidence of differential salt extractability of estrogen
and antiestrogen-bound nuclear receptors (CLARK and PECK, 1976; MESTER and BAULIEU, 

1975; JULIANO and STANCEL, 1976; RUH and BAUDENDISTEL, 1977) and by their unequal 
nuclear retention time (CLARK et al., 1973). Our data lend support to the concept of dual nu
clear sites of action of estrogen-receptor complexes; they suggest, moreover, that processing 
of ER occurs at only one ot these. These sites may be temporally as well as structurally dis
tinct, since as we show below, binding to the processing site can be prevented without affecting 
initial nuclear binding. 

Effects of Actinomycin on ER Compartmentalization and Processing 

Inhibition of ER Processing 
Actinomycin D (AcD) has been a powerful tool in investigations into the biochemistry of nu
cleic acids and their involvement in replication and transcription (GOLDBERG and FRIEDMAN, 

1971). The antibiotic intercalates into double-stranded DNA with its chromophore between 
successive G-C base pairs; two pentapeptides lie in the minor groove of the double helix (So
BEL and JAIN, 1972). Two binding sites distinguished by different affinities for DNA have 
been described; both are partially blocked by the presence of chromosomal proteins (KLEI

MAN and HUANG, 1971). 
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Fig. 8. Effect of continuous actinomycin treatment on processing of MCF-7 ER. Cells were treated at 
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Fig. 9. Effect of AcD dose on extent of nuclear ER processing. Cells were treated for 10 min or 5 h with 
estradiol (10 nM) alone or together with 0.05 nM(0.06 flg/ml) to 2 nM(2.5 flg/ml) AcD. At the end of 
incubation cells were harvested, washed, homogenized, and assayed for cytoplasmic and nuclear ER 
by the single saturating dose protamine method .• , unoccupied cytoplasmic (40 C); 0, unoccupied nu
clear receptors (40 C); EJ,~, occupied nuclear receptors (300 C-4° C). The bar heights represent total 
cell receptors (Rc + Rn + RnE), determined in triplicate from four pooled T-75 flasks. (HORWITZ, K. B. 
and MCGUIRE, W. E., 1978c) 

5 

4 
--- -- - - - - -- -----

<{ 
- - - - - - - .. .0. / 11 

z 
c 
co 3 
E '" .... 
"0 
E --- - - - ----

- - ----- - - - - -~2h 
0. 

2 R>< 
II:: 
w 

o 2 5 h 

Treatment time 

Fig. 10. Effect of delayed AcD treatment on ER levels. MCF-7 cells were treated with 10 nM estradiol 
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were harvested at the end of 5 h of estradiol treatment and assayed for ER as described in Fig. 1. 
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ment. (HORWITZ, K. B. and MCGUIRE, W. E. 1978c) 
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The nature of the inhibitory action of AcD is complex and partially concentration-dependent. 
Actinomycin D suppresses the synthesis of all cellular RNA fractions by preferentially 
blocking chain elongation catalyzed by DNA-directed RNA polymerase. However, at low 
concentrations there is differential inhibition of various RNA classes, ribosomal RNA being 
the most sensitive (GOLDBERG and FRIEDMAN, 1971). Synthesis of DNA in intact cells or by 
isolated DNA polymerases is also sensitive to AcD but requires the presence of much higher 
inhibitor concentrations. 
More recently it has been suggested that AcD may inhibit protein synthesis through direct ef
fects on mRNA movement or translation (LEINW ALD and RUDDLE, 1977; BASTOS and AVIV, 
1977). 
Figure 8 shows the effect of the addition of AcD (2 f.iM) to estradiol-treated cells. In this study 
cells were treated simultaneously with the hormone and inhibitor, and receptor levels were 
measured at the indicated times. AcD completely inhibits the normal processing of estrogen
charged nuclear receptor. The result is analogous to the effects of N AF . Interestingly, neither 
the initial binding of estradiol to unfilled sites nor the translocation of the hormone receptor 
complex to the nucleus is affected by actinomycin. 
These measurements were made with an exchange assay on protamine-precipitated receptor 
extracted from nuclei with high salt. However, actinomycin does not simply enhance salt ex
tractability ofRnE, since a similar loss ofER, and its inhibition by AcD, can be demonstrated 
when nuclear receptors are labeled directly with 3H-estradiol, thereby obviating the need to 
extract receptors (not shown) (HORWITZ and MCGUIRE, 1978c). 

Dose of AcD and ER Processing 
The inhibitory effects of AcD on ER processing are only achieved when it is present in high 
concentrations (Fig. 9). In this study cells were treated for 10 min or 5 h with estradiol alone 
or with estradiol plus increasing doses of actinomycin. Ten minutes after estradiol treatment 
all unfilled sites have disappeared and only estrogen-filled nuclear sites can be measured. This 
step is not inhibited even by high doses (2.0 f.LM) of AcD. Five hours later, normal processing 
has taken place in the absence of the inhibitor or, when it is present, at low doses 
(0.05-0.2 f.LM). However, as AcD doses are increased (0.5-2.0 fLM) there is progressive inhi
bition of ER processing. 
Actinomycin could be working in at least two ways: its effect could be direct, physically 
blocking ER access to a specific DNA-binding site, or indirect, by inhibiting RNA and protein 
synthesis. We have several indirect lines of evidence based on the rate of inhibition and the ef
fects of other inhibitors that suggest that AcD acts directly to block processing. 

Rate of AcD Block and Effect of Other Inhibitors 
At first, the inhibitory effect of actinomycin is rapid, as shown in Fig. 10. In this study cells 
were treated with estradiol, while addition of actinomycin was delayed from 5 min to 2 h. The 
effect of AcD is to fix ER immediately at the levels they had reached before addition of the in
hibitor. If estradiol and AcD are added together at the start of treatment (arrow), estrogen 
binding and translocation of Rc and binding to Rn and the initial accumulation of total 
receptor in the nucleus are not inhibitable. However, all subsequent processing stops. The 
slight downward slopes of the dotted lines show that the effect on ER processing occurs within 
15 min of AcD addition, so that entry of AcD into nuclei must be quite rapid, and an 
intermediate effect of AcD on protein synthesis is unlikely. 
In preliminary experiments we have also tested several other inhibitors of cell function for 
their effect on ER binding, translocation, and processing during estradiol treatment. At 1 f.LM 
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all other intercalators and inhibitors tested were ineffective when co-incubated with es
tradiol; the list includes other inhibitors of transcription (daunomycin, adriamycin, dist
amycin A, a-amanatin), inhibitors of replication (chloroquine, nalidixic acid, mitomycin C, 
novobiocin, ethidium bromide), a translation inhibitor (cycloheximide), and inhibitors of 
other cell processes (colchicine, cytochalasin B). The sole exception was chromomycin A3. 
This compound behaves identically with AcD, and like AcD is the only inhibitor that 
shows specificity for G-C base pairs (GOLDBERG and FRIEDMAN, 1971). 
The rate of AcD inhibition and the failure of other intercalators and translation inhibitors to 
prevent ER processing suggests indirectly that the AcD effect is not due to inhibition of RNA 
and protein synthesis. However, because of the inhibitors' complex actions the possibility 
cannot be ruled out that actinomycin is regulating the nuclear exit of receptors by an action 
distinct from its effect on chromatin, or that it alters the proteins' turnover rate at some 
extranuclear site. Blocking of transcription is the classic and best-studied effect of this 
antibiotic, which suggests that inhibition of ER processing may occur because AcD directly 
blocks ER access to DNA. In that case AcD may distinguish between two RnE-binding sites 
in nuclei. Newly translocated receptor binds to a site on chromatin or DNA that is insensitive 
to inhibition. Actinomycin D or chromomycin A3 stops subsequent processing by preventing 
RnE insertion at a second base-specific region on DNA. The existence of two receptor
binding sites in nuclei, one for chromatin and another for DNA, has been postulated in the 
chick oviduct for PgR (SCHRADER et al., 1972). PALMITER et al. (1976), also proposed a two
step nuclear receptor-translocation mechanism involving a rate-limiting movement of steroid 
receptors from initial nonproductive chromatin-binding sites to productive sites. Alterna
tively, a tnodel involving only one binding site requires that nuclear ER binds immediately to 
DNA; AcD may then mechanically prevent ER release from this site. As so little is un
derstood about the mechanism of action of actinomycin, none of these various explanations 
can be ruled out by our data. 
In summary, we have provocative data suggesting that the nuclear estrogen-receptor 
complex interacts with DNA, that this interaction is required for appropriate receptor 
turnover or processing, and that processing may be essential for induction of a specific protein 
by estrogen. If the receptor is improperly inserted into DNA, as for instance when it is bound 
by NAF, processing fails and the biological effect is blunted. 
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9. Human Breast Cancer in Nude Mice: 
A Model for Testing Endocrine Treatment! 

R.-T. Michel, H. Schmidt-Matthiesen, G. Bastert, and H. P. Fortmeyer 

Klinikum der Johann Wolfgang Goethe-Universitiit, Abteilung flir Gyniikologie und Onkologie, 
Theodor-Stern-Kai 7, D-6000 Frankfurt 70 (FRG) 

It is clinically well known that addition or deletion of steroids is an effective treatment in about 
one-third of patients with advanced breast cancer. However, it is difficult to predict the 
responsiveness of an individual tumour. In vitro assays of oestrogen receptors have proved to 
yield useful indications ofthe hormone responsiveness of human breast cancer. Nevertheless, 
many oestrogen receptor-positive tumours fail to respond to endocrine therapy. Supple
mentary markers like quantification of oestrogen receptors, differentiation of the 4 Sand 8 S 
receptors, determination of the progesterone receptor, and certain clinical characteristics 
such as menopausal status, type of metastasis, and disease-free interval are additional aids in 
the identification of responsive tumours. 
When R YGAARD and POVLSEN (1969) succeeded in transplanting human tumour material to 
nude mice a new animal model for quasi in vivo testing of human breast cancer became avail
able. With this model we have tested the effect of various endocrine treatments on the tumour 
growth of serially transplanted human breast cancers and spontaneous mouse breast cancer 
in nude mice. 
Nude mice of a random-bred strain, with a body weight of approximately 25 g and aged 6-7 
weeks served as recipients. Tumour slices 0.5 cm in diameter were transplanted under sterile 
conditions behind the shoulder blade into the area of the mammary gland. Tumours from pre
menopausal women were transplanted to fertile nude mice, and tumours from postme
nopausal women to castrated male or female nude mice. After 3-9 weeks endocrine 
treatment started. Animals were sacrificed between the 18th and 40th day of treatment. Fig
ure 1 shows a mouse with a human mammary cancer, 7 and 17 weeks after transplantation. 
Oestrogen receptors, androgen receptors and progesterone receptors were measured by gel 
electrophoresis according to WAGNER (1972). For determination of the progesterone re
ceptor R 5020 was used. Bilateral ovariectomy and adrenalectomy were performed through a 
double incision. Control animals underwent laparotomy. To investigate the influence on 
tumour growth oestradiol, testosterone, progesterone and the anti-oestrogen tamoxifen were 
administered by i.m. injection. Tumours were measured and the product of the two longest 
perpendicular diameters recorded once a week. 

The authors wish to thank Professor JUNGBLUT and Dr. WAGNER ofthe Max Planck Institut, Wil
helmshaven, Federal German Republic, for providing the gel electrophoresis equipment and 
technical assistance. 
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Fig. 1. Nude mouse with human mammary cancer SE 7 weeks (left) and 17 weeks (right) after 
heterotransplantation 

In the comparison of chromosomal material, histology, and 3H-thymidine labelling index 
good correlations were demonstrable between the original tumour and its transplants. In stud
ies of endocrine treatment it is of interest whether the original tumour has the same receptor 
pattern as its transplant. 
In Fig. 2 (with diethylstilboestrol [DES] as competitor instead of oestradiol) the oestradiol 
receptor of an original tumour extract (below) and its transplant (above) is demonstrated by 
gel electrophoresis. 
Table 1 shows several receptor patterns of original tumours and their transplants up to the 
13th passage. All tumours have been tested by gel electrophoresis. By quantitation, which we 
carried out and expressed as fmoles per microgram of DNA, good correlations could be 
found between the original tumour and its transplants over several passages. 
In the next experiment (Fig. 3), the premenopausal tumour SE in the second passage, with a 
positive oestrogen receptor and a positive testosterone receptor but a negative progesterone 
receptor, was treated by ovariectomy and testosterone. No difference in tumour growth was 
demonstrable between the experimental group and the controls. 
The same premenopausal tumour SE was also treated with tamoxifen and ovariectomy plus 
adrenalectomy (Fig. 4). In comparison with the control group a slight decrease of tumour 
growth can be seen with tamoxifen (this was significant according to the Kruskal-Wallis Test) 
and a highly significant decrease of tumour growth with ovariectomy plus adrenalectomy. We 
also checked the effect of ovariectomy plus adrenalectomy plus tamoxifen in a separate study. 
A slight additional decrease was seen in comparison with the ovariectomy plus adrenal
ectomy group. But this was not significant. As adrenalectomy is a major operation, the 
combination of ovariectomy and tamoxifen has been considered an alternative to ovari
ectomy plus adrenalectomy. 
We checked this question with the aid of the same hormone-dependent premenopausal 
tumour SE. 
In this experiment (Fig. 5) ovariectomy plus tamoxifen is not so beneficial as ovariectomy 
plus adrenalectomy. In the next series we treated the premenopausal hormone-dependent and 



Human Breast Cancer in Nude Mice 

cpm 
1000 

cpm 
1000 

500 

500 0 

4 

.......... ,.,. ... 

8 10 12 

I , , , , 
I 

I 
I 

61 

I 
I 

I 

/ 
I 

I 

/ 
/ 

,/ 

14 16 
Sample 

Fig. 2. Agar gel electrophoresis of an original human breast cancer extract (lower part) and the same tu
mour after heterotransplantation (upper part). Dotted line represents incubation with radioactive 
oestradiol and excess of cold oestradiol; continuous line, incubation with radioactive oestradiol alone. 
Peaks (arrows) indicate oestradiol bound to the cytoplasmic receptor 

Table 1. Receptor patterns of original tumors and their transplants in various passages 

Patient Original 1st passage 4th passage 11th passage 13th passage 
tumour 

SE ER ER ER ER ER 
DHTR+ DHTR+ DHTR- DHTR- DHTR-
PgR- PgR- PgR- PgR- PgR-

La ER ER ER 
DHTR+ DHTR+ DHTR+ 

RO ER ER 
DHTR+ DHTR+ 

ZA ER ER 
DHTR+ DHTR+ 

CA ER ER ER 
DHTR+ DHTR+ DHTR+ 
PgR+ PgR+ PgR+ 

KA ER ER 
DHTR- DHTR-
PgR- PgR-
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Fig. 3. Premenopausal oestradiol receptor-positive and testosterone receptor-positive human mamma
ry cancer (SE) treated with ovariectomy (0) or testosterone (T). Control results are indicated by C. The 
experimental group consisted of 44 animals 
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Fig. 4. Premenopausal oestradiol receptor-positive and progesterone receptor-negative human breast 
cancer (SE) treated with tamoxifen (T: 12 animals) or adrenalectomy plus ovariectomy (A/O: 15 ani
mals). Control results (15 animals) are indicated by C 
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Fig. 5. Premenopausal oestradiol receptor-positive and progesterone receptor-negative human breast 
cancer (SE) treated with ovariectomy plus tamoxifen (O/T: 19 animals) or ovariectomy plus adrenalec
tomy (0/ A: 16 animals). Control results (23 animals) are indicated by C 

cyclophosphamide-sensitive mammary cancer SE with tamoxifen, cyclophosphamide (En
doxan) plus tamoxifen, ovariectomy plus cyclophosphamide plus tamoxifen, and cyclo
phosphamide alone. 
The combined hormonal and cytotoxic treatment was not more effective than cytotoxic 
treatment alone (Fig. 6). The cytotoxic dose was 20% of the LD50 (about 100 mg/kg/week 
i.p.) in all groups with cyclophosphamide treatment. 
In the next experiment (Fig. 7) the postmenopausal human mammary tumour CA, with a po
sitive oestrogen receptor, a negative testosterone receptor, and a positive progesterone 
receptor, was treated with tamoxifen and oestradiol. Tamoxifen treatment stopped tumour 
growth, whereas oestradiol treatment resulted in a decrease of tumour size. 
The postmenopausal human mammary cancer was also treated with cyclophosphamide, as in 
the previous experiments, oestradiol plus cyclophosphamide, and tamoxifen plus cyclo-
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Fig. 6. Combined hormone and cytotoxic treatment of a premenopausal oestradiol receptor-positive, 
progesterone receptor-negative, and cyclophosphamide (Endoxan)-sensitive human breast cancer 
(SE). I, controls ( 18 animals); II, tamoxifen alone ( 14 animals); III, Endoxan + tamoxifen (20 animals); 
IV, ovariectomy + Endoxan + tamoxifen (14 animals); V, Endoxan alone (15 animals) 

phosphamide (Fig. 8). The tumour has a positive oestradiol and progesterone receptor and is 
cyclophosphamide-sensitive. As in the premenopausal tumour SE, the combined cytotoxic 
and hormonal treatment was no more effective than the cytotoxic treatment alone. 
In the next series the tumour of a postmenopausal woman with a negative oestradiol receptor 
and a positive testosterone receptor was treated with testosterone and oestradiol (Fig. 9). No 
difference in tumour growth was demonstrable in comparison with the controls. 
The postmenopausal tumour SI, which was testosterone receptor-positive, oestradiol re
ceptor-negative, and progesterone receptor-negative, was treated with testosterone and 
oestradiol (Fig. 10). An additional increase in tumour size can be seen with testosterone 
treatment. We repeated this experiment with about 20 tumours in each group and obtained the 
same results. 
Figure 11 shows the results obtained when a spontaneous breast cancer in a fertile mouse 
(oestradiol receptor-positive, testosterone receptor-positive, and progesterone receptor-po
sitive) was treated by ovariectomy, tamoxifen, ovariectomy plus adrenalectomy, and ovari
ectomy plus adrenalectomy plus tamoxifen. Ovariectomy and tamoxifen treatment alone re
sulted in only a slight decrease of tumour growth, whereas the major ablative procedure, in
cluding adrenalectomy and additional treatment with tamoxifen, resulted in a significant 
decrease of tumour growth. 
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Fig. 7. Postmenopausal oestradiol receptor-positive and progesterone receptor-positive human breast 
cancer (CA) treated with tamoxifen (T: 14 animals) or oestradiol (E: 7 animals). The control group (C) 
contained 10 animals 

The nude mouse model as presented here might have a further value for testing the individual 
reaction of a tumour to endocrine treatment. In comparison with clinical results there is not 
yet enough material to be published. 
According to these data, in oestrogen receptor-positive and progesterone receptor-positive 
premenopausal women only major ablative therapy, including adrenalectomy, seems to yield 
adequate results. Additional antihormonal treatment can be of value. Antihormonal treat
ment with tamoxifen alone seems to be less effective, and tamoxifen in combination with 
ovariectomy seems not to be equal to ovariectomy plus adrenalectomy. In postmenopausal 
women with positive oestradiol and progesterone receptors, additional treatment with oestra
diol or antihormonal treatment is beneficial. The application oftestosterone seems either to be 
ineffective or to enhance tumour growth in animals. 
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Fig. 8. Combined hormonal 
and cytotoxic treatment of 
a postmenopausal oestrogen 
receptor-positive, progester
one receptor-positive, and 
cyclophosphamide (Endo
xan)-sensitive human breast 
cancer (KA). I, controls (14 
animals); II, Endoxan + 
oestradiol (12 animals); III, 
Endoxan alone (10 animals); 
IV, Endoxan + tamoxifen 
(12 animals) 

Fig. 9. Postmenopausal tes
tosterone receptor-positive 
and oestrogen receptor-nega
tive human breast cancer 
(LO) treated with testoster
one (T) or oestradiol (E). 
C indicates the control re
sults. The experiment in
volved 50 animals 
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Fig. 10. Postmenopausal testosterone 
receptor-positive human breast cancer 
(SI) treated with testosterone (T: 5 ani-
mals) or oestradiol (E: 5 animals). The 
control group (C) contained 12 animals. 
The arrow indicates the end of treatment 

Fig. 11. Breast cancer of a fertile mouse 
(Fl) treated with ovariectomy (0: 18 ani-
mals), tamoxifen (T: 16 animals), ovari-
ectomy + adrenalectomy (A/a: 14 ani-
mals), or adrenalectomy + ovariectomy 
+ tamoxifen (A/O/T: 10 animals). The 
control group (C) contained 16 animals 
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Combined endocrine and cytotoxic treatment in tumours sensitive to both had no better re
sults than cytotoxic treatment alone. 
Concerning steroid hormone receptors, cytotoxic treatment might result in a loss of specific 
binding sites. There seems to be some evidence for this in our material, and a study concerning 
this question is under way. 
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Introduction 

It has long been appreciated that mammary cancer, in both humans and experimental 
animals, is frequently an endocrine-responsive illness. In fact, a large number of hormonal 
manipulations, including ablation of ovaries, adrenals, or pituitary or additive therapies such 
as estrogen, progestin, androgen, or glucocorticoid administration have all been shown 
occasionally to induce beneficial tumor regressions. The mechanisms by which these re
sponses are induced are largely obscure. In part, this obscurity reflects the lack of suitable 
model systems in which hormonal effects can be studied. Experimental animal systems are 
enormously complex. It is impossible to administer a hormone to an experimental animal 
without altering the activities or concentrations of numerous other trophic substances. In ad
dition, it is not safe to conclude that the effects of the hormone are due to direct interactions on 
the target cell, as opposed to indirect effects mediated by interactions of the hormone with the 
immune system or supporting stroma. Thus there is an extraordinary need for human 
mammary cell lines of undisputed pedigree that retain hormonal responses characteristic of in 
vivo tissues. In addition, systems need to be provided in which hormonal effects can be studied 
free from the presence of unknown factors present in serum supplements. In this report we re
view our studies with the ZR-75-1 cell line, which is derived from a human mammary cancer 
(ENGEL et al., 1978). This cell line can be propagated indefinitely in serum-free defined 
medium, and exhibits striking growth dependence on the presence of insulin, 17 f3-estradiol, 
transferrin, triiodothyronine, and dexamethasone. 

Materials and Methods 

Cells 

ZR -7 5-1 cultures were derived from a malignant ascitic effusion in a 63-year-old white female 
who had undergone modified radical mastectomy 34 months previously for infiltrating duct 
carcinoma of the right breast. 

1 We thank LE ESTA MORAN for invaluable help with manuscript preparation. 
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Establishment and characterization of the cell line has been described elsewhere and the 
reader is referred to the earlier publication for detailed methodology (ENGEL et al., 1978). 
Briefly, the salient features are as follows: 

1) The morphology of the cells in culture is clearly epithelial, and is similar to that seen in 
biopsy material and in preparations of exfoliated cells from the original patient. 

2) The cells exhibit ultrastructural features characteristic of breast carcinoma cells, such 
as desmosomes, tonofibrils, and intracytoplasmic ductlike vacuoles (BUEHRING and 
HACKEIT, 1974). 

3) The cells possess human chromosomes (model number 74-75), with markers different 
from those of HeLa cells by trypsin-Giemsa banding techniques, and distinct enzyme 
phenotypes, which further serve to assure their non-HeLa origin. 

4) The cells possess specific receptors for glucocorticoids, estrogens, androgens, progestins, 
and insulin, and are responsive to a number of hormonal factors, which are discussed in 
this report. 

5) These cells neither secrete nor synthesize significant amounts of the milk proteins casein 
and a-lactalbumin. 

The line has been maintained in serial culture for 3 years through approximately 100 
passages. 

Hormone Receptors 

The detailed methodology employed for steroid receptor analyses has already been published 
(LIPPMAN et al., 1976; 1977). Briefly, competition binding assays were performed on either 
cytoplasmic extracts or intact cells, multiple concentrations of radiolabeled ligand being used. 
Binding was examined by the Scatchard technique (SCATCHARD, 1949) to analyze data 
prepared by computer-assisted methods (AITKEN and LIPPMAN, 1977). 

Medium and Hormones for Serum-Free Experiments 

The cell line was initially established and maintained in RPMI 1640 medium supplemented 
with 25 nM Hepes (2-hydroxyethyl piperazine N-2-ethane sulfonic acid) buffer, 100 units 
penicillin/ml, 100 /-Lg streptomycin/ml, 75 /-Lg neomycin/ml, and fetal calf serum (FCS). Later 
any of several tissue culture median (Ham's F-I0, IMEM, or MEM) supplemented as above 
proved equally satisfactory. 
Improved Minimal Essential Medium (IMEM) (RICHTER et al., 1972) supplemented with L
glutamine (0.6 gil), penicillin (62 mg/l), and streptomycin (135 mg/l), was the basic culture 
medium to which hormones and growth factors were added. Transferrin (Sigma, St. Louis, 
Mo.) was added at a final concentration of 1 /-Lg/ml. L-Triiodothyronine (Sigma, St. Louis, 
Mo.) 10-5 M stock solution was prepared in 0.1 NN aOH and added to medium to yield a final 
concentration of 10-8 M. Insulin U-I00 (Eli Lilly and Co., Indianapolis, Ind.) was added at a 
concentration of 5 x 10-7 M. 17 fJ-Estradiol and dexamethasone (Sigma, St. Louis, Mo.) in 
benzene-ethanol were evaporated to dryness, dissolved in ethanol and stored at -200 C until 
use. Final concentrations in the medium were 10-8 M 17 fJ-estradiol and 10-8 M dexa
methasone. The fmal concentration of ethanol was 0.1 %, and this concentration has no effect 
on the growth of the cells. Tamoxifen (TAM, ICI 46,474) was similarly prepared. Fibroblast 
growth factor (Collaborative Research, Waltham, Mass.) at a concentration of 0.025 /-Lg/ml 
was added to the tissue culture flasks when the cells were subcultured in addition to 
nucleosides (10-8 M cytidine, uridine, thymidine, and adenine: Sigma, St. Louis, Mo.) and 
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nonessential amino acids. Other factors tested for growth-promoting activity include epi
dermal growth factor (Collaborative Research, Waltham, Mass.), 5a-dihydrotestosterone 
(Steraloids Inc., Pawling, N.J.), vasopressin (Calbiochem, Gaithersburg, Md.), oxytocin 
(Sigma, St. Louis, Mo.), and human placental lactogen (Sigma, St. Louis, Mo.). 

Cell Growth Experiments 
Cells growing exponentially in MEM + 5% fetal calf serum were suspended with trypsin
EDT A (trypsin 0.05%; EDT A 0.02%) and replicately plated in MEM supplemented with 5% 
charcoal-treated calf serum (ARMELIN et al., 1974). The cells were plated into sterile six-well 
(35-mm) plastic tissue culture dishes (Linbro Scientific Inc., Hamden, Conn.). After sufficient 
time for the cells to become adherent (usually 12-16 h), the medium was changed for IMEM 
supplemented with estradiol, L-Triiodothyronine, insulin, dexamethasone, and transferrin 
(IMEM-HS) or to IMEM-HS minus a specific hormone. After 24 h the medium was re
plenished with fresh medium of identical composition. At various times, cells were collected 
by suspension in trypsin-EDTA and counted in a hemocytometer. 

Cell Transfer 
The serum-free cells were transferred by treating with 0.02% EDTA in saline A (0.35 g 
NaHCO/liter, 8.0 g NaCVliter, 0.4 g KCVliter, 1.0 g dextrose/liter, and 0.02 g phenol 
red/liter). The cell layer was rinsed with this solution and the excess removed. When the cells 
began to detach, the action of the EDTA was stopped by simple dilution in IMEM-HS. Cells 
were passed at a 1 : 2 dilution. 
Plating efficiency experiments were performed by plating 25000 cells in a 75-cm2 tissue cul
ture flask. After 7 days the cell colonies were counted. Plating efficiency is defined as the num
ber of colonies formed multiplied by 100 and divided by the number of cells added to the tissue 
culture flask. 

Precursor Incorporation 
In order to assess the effect ofT AM on thymidine incorporation in the ZR -7 5-1 breast cancer 
cells growing in IMEM-HS minus 17,B-estradiol, radiolabeled thymidine (Amersham-Searle) 
diluted in Dulbecco's phosphate-buffered saline (PBC: pH 7.4) was added to each dish 1-2 h 
before the cells were harvested. Each dish usually contained 1 f.LCi tritium. Cells were 
harvested by washing the dishes once with PBS, suspending the cells in EDT A (0.02%), and 
collecting cell pellets by centrifugation. Cell pellets were suspended in water and sonically dis
persed for 3s in a Branson sonicator (Branson Sonic Power Co., Danbury, Conn.) at the low
est setting. Aliquots were then used for the determination of protein by the method of LOWRY 
et al. (1951) or by thymidine incorporation by precipitation in 10% trichloroacetic acid. Acid
insoluble counts were collected and washed on a 0.45 f.Lm-millipore filter. After drying, the fil
ters were solubilized in Aquasol (New England Nuclear, Boston, Mass.) and counted in 
a Packard Scintillation Counter (Packard Instrument Co., Downers Grove, Ill.) (efficiency 
for tritium'" 35%). 

Results 

Hormone Receptors 
The cells were examined for the presence of specific steroid receptors. The results (Table 1) 
show that each cell contains cytoplasmic receptors for all four classes of steroid hormones. In 
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Table 1. Steroid hormone in the human breast cancer cell line ZR -7 5-1 

Cell 
line 

ZR-75-1 

17-{" Estradiol 

Receptor" 
concentr. 

29.0 

Bindingb 

constant 

1.3 

Table 1. (continued) 

Cell 
line 

74.0 

Glucocorticoid 

Receptor 
concentr. 

Binding 
constant 

" fmol/mg cytoplasmic protein. 

Correl.C 

coeff. 

0.982 

Correl. 
coeff. 

43.0 

b Equilibrium dissociation constant (nM). 
C Least squares. 
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5-a-Dihydrotestosterone 

Receptor 
concentr. 
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Progesterone 

Receptor 
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Binding 
constant 
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constant 
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Fig. 1. Growth of the ZR-75-1 cell line in hormone-supplemented medium without serum. Cells were 
plated at a density of 50 000 cells/dish in MEM supplemented with 5% charcoal-treated calf serum. On 
day 1 medium was changed to IMEM-HS (e) and IMEM + 5% FCS (0). Arrows indicate days on 
which the cells were refed with fresh medium. Standard deviations of triplicate cell counts shown are 
generally less than 10% 

terms of binding affinity and specificity these receptors appear entirely consistent with 
receptors described for other systems. In addition, these cells contain high-affinity receptors 
for insulin (OSBORNE et aI., 1978). These receptors have features (affinity, specificity, negative 
cooperativity) of insulin receptors found in other target tissues. By inference, we assume that 
these cells also contain nuclear receptors for iodothyronines based on their hormonal 
responsiveness described below. 
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Fig. 2. Growth of the ZR-75-1 cell line in hormone supplemented medium without serum. Cells were 
plated at a density of 1 000 cells/dish in MEM supplemented with 5% charcoal-treated calf serum. On 
day 1, the medium was changed to IMEM-HS (e) and IMEM-HS supplemented with 5% FCS (O).Ar
rows indicate days on which the cells were refed with fresh medium. Standard deviations of triplicate 
cell counts are generally less than 10% 
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Fig. 3. Requirements for serum-free growth of ZR -7 5-1 human breast cancer cells. Cells were plated at 
a density of 50000 cells/dish in MEM supplemented with 5% charcoal treated calf serum. On day 1, 
the medium was changed to IMEM-HS (- - 0 - - ), IMEM-HS minus 17 f3-estradiol (_), IMEM
HS minus insulin (---e), IMEM-HS minus T3 (-- 0 --), IMEM-HS minus transferrin (--- +), 
IMEM (---D-). Arrows indicate days on which the cells were refed with fresh medium. Standard de
viations of triplicate cell counts are generally less than 10% 
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Growth Experiments 

ZR-75-1 cells grow rapidly in IMEM-HS. In Fig. 1, the growth ofthe ZR-75-1 cells in IMEM
HS is compared with their growth in IMEM supplemented with an optimal concentration of 
fetal calf serum. In this experiment the cells in IMEM-HS grew at a faster rate than those in 
FCS. In other experiments which are not shown, their growth rates are usually equal. The ZR-
75-1 human breast cancer cell line grows rapidly in IMEM supplemented with hormones and 
the iron transport protein transferrin. The optimal concentration of 17 f3-estradiol in IMEM
HS has previously been shown to be 10-8 M. As described later, 5 x 10-7 Minsulin, 10-8 ML
triiodothyronine, 10-8 M dexamethasone and 1 f,Lg transferrin/ml are optimal for cell 
growth. 
We next wondered whether FCS could increase the growth of cells already growing rapidly in 
IMEM-HS. Figure 2 compares the growth of the cells in IMEM-HS supplemented with 5% 
FCS. Again over this 9-day period no differences in growth were observed, and thus we con
clude that the addition of FCS to IMEM-HS does not result in more rapid growth of these 
breast cancer cells. 
The effects of each of the hormones and transferrin on growth is assessed in Fig. 3. As can be 
seen in this figure, the cells in IMEM -HS grow rapidly over the 14-day period. Control cells in 
IMEM alone remain viable for 4-7 days, as judged by attachment to the plastic tissue culture 
dishes, and then detach and die, as do the cells in IMEM-HS that lacks transferrin. Cells in 
IMEM-HS minus estradiol or insulin or L-triiodothyronine appear to grow progressively 
more slowly for approximately 7 days and then no net increment in cell number is seen, 
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Fig. 4. Effects of estradiol or 
anti estrogen administration on 
ZR-75-1 cell growth. After 7 days 
(-14 to - 7) in MEM plus char
coal-treated calf serum (CCS) cells 
were transferred to IMEM-HS 
minus 17 f3-estradiol (Ez) (from day 
- 7 to day 0). On day 0, lO-9 M 
estradiol (Ez), lO-6 M TAM (T), 
or lO-6 M N AF (N) was added. 
Cells were harvested and counted 
on days shown. Medium was 
changed daily from day -14 to 
day 0 
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though viability is maintained for the 14-day period. The addition or subtraction of 10-8 M 
dexamethasone had no apparent effect on growth, but appeared to increase plating efficiency 
and was thus included in IMEM -HS. Higher concentrations of dexamethasone are growth-in
hibitory. 
The critical dependence of growth of these human mammary cancer cells on estradiol is illus
trated in Fig. 4. As shown, the addition of a physiologically relevant concentration of 17 f3-
estradiol (10-9 M) to cells in defined, serum-free medium results in rapid exponential growth. 
In this experiment, cells are initially plated on day -14 in MEM plus 5% charcoal-treated calf 
serum. This medium is changed daily. On day -7 the cells are transferred to IMEM-HS mi
nus estradiol and this medium is changed daily. As seen, there is no further increase in cell 
number for the next 7 days. On day 0 either 10-9 M estradiol or one of the antiestrogens (ta
moxifen: TAM, or nafoxidine: NAF) is added to the dish. Addition of estradiol results in a 
prompt resumption of exponential growth until the cells reach a maximum density of about 
1.2 x 106 cells/well. Control cells show no net change in cell number. Cells treated with either 
anti estrogen are killed after an initial lag of 12-14 h. This killing is prevented by simultaneous 
administration of 1000fold less estradiol (Fig. 4). Thus these cells are exquisitely estrogen
dependent. While there is no net change in cell number in cells deprived of estradiol, this does 
not appear to be due simply to a cessation of growth. First, estradiol cells continue to 
incorporate thymidine, though at a lower rate than. hormone-treated cells. Second, if the cells 
are prelabeled with thymidine there is loss of radioactivity into the medium in estrogen
deprived cells but not in estrogen-treated cells. Third, there is an obvious decrease in cell adhe
siveness in estrogen-deprived cells, and detached cells are easily seen in the medium. Thus, it 

Fig. 5. Long-term retention of tritiated 
estradiol by ZR -7 5-1 cells. Subcon
fluent mono1ayers of ZR -7 5-1 cells in 
IMEM-HS minus E2 were pulsed for 
3 h with 3H-17~-estradiol. At the end 
of the period, and daily thereafter, 
medium was exchanged for fresh se
rum-free IMEM-HS minus E2 (arrows). 
Cells were harvested daily and ra
dioactivity was assessed in the cell 
pellets 
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is likely that the ZR-75-1 cells are capable of a low rate of growth in estrogen-free medium, an 
effect masked by continued cell loss from the dish and replenishment. It is interesting 
to hypothesize that at least one estrogen-mediated effect is a modification of the cell surface 
resulting in an increased stickiness. 
The long pretreatment with charcoal-treated calf serum and estradiol-free medium is required 
for complete removal of estradiol from these cells. An illustrative experiment is shown in 
Fig. 5. Cells are treated for 3 h with tritiated estradiol. Counts per minute in the cell pellet har
vested each day are shown. The medium is exchanged daily (arrows) for fresh serum-free me
dium containing no estradiol. Fourteen days are required for a 2-10g reduction in retained ra
dioactivity. In experiments on another cell line, MCF 7, we have demonstrated that these re
tained counts are virtually all 17 jj-estradiol; they are specifically bound, and largely localized 
to the nuclear fraction. In addition, charcoal-treated serum or bovine serum albumin and an
tiestrogen or unlabeled estradiol addition can significantly accelerate the loss of nonspe
cifically and specifically retained estradiol. 
Transferrin is mandatory for cell survival. As low a concentration as 0.25 f-tg/ml causes an in
crease in cell number after 4 days as compared with control cells. About 2-5 f-tg/ml is 
optimal. 
Triiodothyronine is required for growth of the ZR -7 5-1 cells in defined medium. An effect on 
growth ofL-triiodothyronine is observed at concentrations as low as 10-10 M, with maximal 
stimulatory effects on growth at 10-8 M. The effect on growth is diminished at higher 
concentrations, and 1O-6M and 10-5 M exhibit no growth-promoting activity. 
Insulin is also required as a growth factor. An effect of insulin on growth is observed at con
centrations as low as 10-11 M. The growth-promoting effect is maximal at 10-10 M and this 
maximal effect persists over a concentration range from 10-10 M to 10-6 M. 
The effect of other factors on the growth of the ZR -7 5-1 cells was also investigated. No further 
growth-promoting activity was observed when the nucleosides, adenine (10-8 M), uridine 
(10- 8 M), thymidine (10-8 M) or cytidine (10-8 M), nonessential amino acids, human placen
tal lactogen (2 ftg/ml), fibroblast growth factor (FGF) (0.025 f-tg/ml), epidermal growth factor 
(EGF) (0.01 f-tg/ml), vasopressin (1 milliunit/ml), oxytocin (1 milliunit/ml), or 5a-dihy
drotestosterone (10-8 M) was added to IMEM-HS. The effects of growth factors, including 
FGF and EGF, were not determined either in the absence of insulin or at low (10-9 M) 
concentrations of insulin. At high concentrations insulin may interact with other growth 
peptide receptors. Thus, we cannot yet conclude positively that some growth response to 
EGF or FGF is not possible. 

Cell Transfer and Long-Term Culture 

The transfer of the ZR-7 5-1 cell line in IMEM-HS is difficult. Cells are passed at a dilution ra
tio of 1 : 2 because of a low plating efficiency. Table 2 lists the results of the plating efficiency 
experiments. The plating efficiency of the cells in IMEM-HS is approximately 1 %. This can be 
improved to approximately 3%-4% by the addition of nonessential amino acids, nucleosides 
(10- 8 M adenine, cytidine, thymidine, uridine) and 0.025 f-tg FGF /ml. We routinely add these 
factors at the time of subculture, and since none of these factors appears to have any 
growth-promoting activity in the ZR-75-1 cells, the flasks are refed with fresh IMEM-HS af
ter plating has occurred. The plating efficiency of the cells in IMEM alone is less than 0.1 % 
and is not significantly improved by the addition of bovine serum albumin (100 f-tg/ml). The 
plating efficiency of the ZR -7 5-1 cells in IMEM plus 5% FCS is greater than 50%. 



A Hormone-Dependent Human Breast Cancer Cell Line Orown 

Table 2. Effect of factors on plating efficiency of ZR -7 5-1 human breast 
cancer cells 

Medium 

IMEM 

IMEM plus 
bovine serum albumin 

IMEM-HS 

IMEM-HS plus 
bovine serum albumin 

IMEM-HS plus nucleosides 

IMEM-HS plus nonessential 
amino acids 

IMEM-HS plus FOF 

IMEM-HS plus nucleosides, 
nonessential amino acids, 
and FOF 

IMEM-HS plus nucleosides, nonessential 
amino acids, FOF, 
and conditioned medium 

Plating efficiency 

0.1% 

0.1% 

1.2% 

0.8% 

1.1% 

1.0% 

1.8% 

3.4% 

3.2% 

77 

We also attempted to improve plating efficiency by the addition of conditioned medium. We 
have preliminary data indicating that the ZR -7 5-1 cells condition their medium and that this 
conditioned medium, when added to the cells, leads to an increase in thymidine incorporation 
at 24 h and an increase in cell number at 48 h (ALLEGRA and LIPPMAN, unpublished data). As 
Table 2 shows, 50% (by volume) conditioned medium did not increase plating efficiency when 
added to IMEM-HS or IMEM-HS supplemented with nucleosides, nonessential amino acids, 
or FGF. Even under optimal conditions (in the presence of FCS) the ZR-75-1 require 
relatively large numbers of plated cells for satisfactory passage of the cells. 

Discussion 

The ZR-7 5-1 cell line has been characterized extensively and meets some criteria of inter- and 
intraspecies specificity and, most importantly, of organ specificity (ENGEL et aI., 1978). The 
cells have a human karyotype. Allozyme phenotypes also show that the cell line is derived 
from a human donor and is distinct from HeLa. Finally, although lacking significant 
production of either casein or a-lactalbumin, its characteristic mammary epithelial mor
phology, including tonofibrils, desmosomes and intracytoplasmic vacuoles lined by mi
crovilli, also supports its organ specificity (BUEHRING and HACKETT, 1974). 
The adaptation of such a well-characterized human mammary cell line to serum-free growth 
has many potential benefits. Furthermore, it has receptors for estrogen, androgen, insulin, 
glucocorticoid, and progesterone, and responds to estrogen, androgen, insulin, and glu
cocorticoid. We felt that the establishment of the cell line in dermed medium without the un-
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known effects of serum factors would equip investigators better to study the mechanisms of 
hormone interaction with breast cancer. Our preliminary data on the effect of the antiestrogen 
TAM are encouraging. In an environment totally devoid of estrogen (IMEM-HS minus 17f)
estradiol), we are able to show a significant inhibition of cell growth and precursor in
corporation, which suggests an effect ofT AM that is totally independent of competition with 
estradiol. This system also allows the investigation of hormone stimulation in an environment 
in which the specific hormone studied can be eliminated for a fixed period of time. With this 
system, we are able to see pronounced stimulatory effects of 17 f)-estradiol and insulin, as 
measured by thymidine incorporation in cells grown for 7-10 days in IMEM-HS minus es
tradiol and insulin. The conversion of cells from a stable slow-growing state to exponential 
growth is a much closer approximation of hormone-dependent tissue than the relatively paltry 
stimulation usually observed in culture. The attainment ofthe effects of hormones ofthis mag
nitude and specificity may be important in allowing investigators to isolate specific cellular in
duced products. 
Interestingly, none of these hormonal components, either alone or in any combination 
attempted by us, permits growth of another human breast cancer cell line (MCF-7). 
Finally, the ZR -7 5-1 cell line growing in IMEM -HS may become a useful system for study of 
the effects of single drugs, drug combinations, and hormone and drug interactions in human 
breast cancer. It provides a growing cell system, free of serum contamination, for the study of 
drug interaction. It allows for the study of mechanisms of drug action without the presence of 
nucleosides, which are present in serum. The system may be easily modified by the addition of 
purines, pyrimidines, amino acids, and rescue agents such as folinic acid to allow evaluation 
of the mechanisms of drug action and drug toxicity. Furthermore, the growth rate of the sys
tem can be altered by the omission of a single hormone, allowing one to study the relationship 
of drug action and growth rate. 
The major problem with the system, thus far, lies in the low plating efficiency. At present, the 
production oflarge quantities of cells is not practical; however, in studying hormone or drug 
interactions this is not a problem, since it is possible to plate the cells in charcoal-treated calf 
serum and change to IMEM-HS as SOOn as the cells become adherent. This low plating 
efficiency has also been noted in many of the other cell lines that have been adapted to defined 
medium. The HTC cells growing in IMEM-ZO reported by THOMPSON et al. (1975) have a 
plating efficiency of 0.1 %-1 %. The HTC cells were fastidious in their requirements for gentle 
handling and quality of medium. BURKS and PECK (1978) also report a low plating efficiency 
for their primary bone cell cultures in serum-free medium. They found their plating efficiency 
to be density-dependent, with the cells exhibiting a low plating efficiency and a failure to prolif
erate at a low density. 
In summary, the ability to grow the ZR -7 5-1 human breast cancer cell line in a defined 
serum-free medium supplemented with hormones and transferrin will be advantageous to the 
study of hormone interaction with human breast cancer. 
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Introduction 

Progress in clinical cancer chemotherapy is due mainly to the advent of controlled clinical 
trials. However, using experimentally transplanted tumours, investigators were able to 
identify all anticancer drugs that are effective in human cancer (GOLDIN et al., 1966). 
Nevertheless, no single transplantation tumour could simulate a specific human can
cer. 
Primary autochthonous tumours in animals resemble their human counterparts in biological 
behaviour. Experimental chemotherapy in autochthonous tumours appears to be more 
comparable to the human situation than do studies of transplantation tumours (SCHMAHL, 
1966, 1970). 
Our fIrst investigations into the treatment of autochthonous rat tumours such as hepatomas, 
subcutaneously growing sarcomas, cancers of the ear duct, breast, forestomach, bladder, and 
colon yielded, in part, a longer lifespan than in untreated rats (SCHMAHL and SCHRICK, 1964; 
SCHMAHL et al., 1963, 1966, 1968; FRETzet al., 1969; HABs et al., 1977a; HABS et aI., 1977b; 
SYCH et al., 1978). 
In this paper, the effects of endocrine and cytostatic therapy on chemically induced au
tochthonous mammary carcinoma of the rat are presented. Carcinogenic aromatic hy
drocarbons and nitrosoureas were used for induction of the tumours. Earlier therapeutic stud
ies in this tumour model were carried out by HUGGINS et al. (1959), GRISWOLD et al. (1966), 
TELLER et al. (1966), SHIMKIN et al. (1967), and GROPPER and SHIMKIN (1967). 

Biological Properties of the Tumour Model 

For induction of primary mammary tumours we used the aromatic hydrocarbon 7,12-
dimethylbenz[a]anthracene (DMBA), as fIrst described by HUGGINS et al. (1959), and 
methylnitrosourea (MNU), following GULLINO et al. (1975). 
Female Sprague-Dawley rats between 50 and 55 days old each received three Lv. injections of 
DMBA within 1 week, to a total dose of 4 mg. Tumours developed multicentrically along the 
milkline (Fig. 1). The rats were checked weekly for palpable tumours. Between 42 and 
77 days (median 56 days) after the fIrst DMBA injection, 85%-90% of the rats were 
randomly assigned to different therapy groups. At the beginning of treatment the mean 
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Fig. 1. DMBA-induced mammary cancer of the rat, developing multicentrically along the milk
line 

Fig. 2. Growth behaviour of total tumour 
size and mean number of tumours per 
rat (in parenthesis) in 16 untreated con
trols bearing DMBA-induced mammary 
cancer. Induction time ranged from 42 
to 77 days 
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Table I. Comparison of biological properties of human mammary cancer and the DMBA-induced 
mammary cancer of the rat 

Aetiology 

Genetic identitity between tumour and 
host cells except malignant transformation 

Histology 

Tumour volume doubling time 

Variation in growth behaviour 

Metastases 

Effect of endocrine therapy 

Effect of chemotherapy 

Human mammary 
cancer 

DMBA-induced 
mammary 
cancer of the rat 

Chemical carcinogens? Chemical carcinogens 
Hormones? Radiation? injected during 
Nutrition? Virus? adolescence 

+ + 

Adenocarcinoma with subtypes 

30-90 days 

+ 

+ 

+ 
++ 

6.3-49 days 

+ 

++ 
+ 

number of tumours per rat was 4.8 ± 0.6 and the mean total tumour size, which was obtained 
by addition of the sizes of individual tumours, was 3.3 ± 0.5 g, usually between 2 and 
6 g. 
The second carcinogen used, MNU, was given as a single i.v. injection of 50 mg/kg on day 
50 ± 2. The median induction period before randomisation for treatment was 77 days. The in
cidence and number of tumours were approximately the same as in the DMBA-induced 
tumour system. 
Figure 2 shows, on a logarithmic scale, the growth curve of total tumour size and the mean 
number of tumours per rat. Total tumour size increased exponentially for 21 days and sloped 
thereafter. The mean number of tumours per rat increased from 4.9-6.4. A marked variabili
ty in tumour growth behaviour was noted. All mammary tumours from 18 control rats were 
examined histologically. Of 131 tumours, 124 were classified as carcinomas, five as preneo
plasmas, and only two as adenomas. 
A comparison between the biological properties of human mammary cancer and the DMBA
induced mammary cancer is given in Table 1. 
Whereas not much is known on the aetiology of human mammary cancer, its counterpart in 
the rat is induced by chemical carcinogens injected during a critical phase of development of 
breast tissue, i.e., between days 50 and 60 of life. For both tumour types, there is a genetic 
identity between tumour and host cells, and histological examinations reveal adenocar
cinomas with subtypes in addition to the malignant transformation. Tumour volume-doub
ling time is more than twice as long for human mammary cancer (RIGBy-JONES, 1962; 
PHILIPPE and LE GAL, 1968; KUSAMA et aI., 1972; CHARLSON and FEINSTEIN, 1974; 
PEARLMAN, 1976). 
It is difficult to predict the growth kinetics of a single tumour, since we find great variation in 
growth behaviour. There is one important difference, i.e., human mammary cancer normally 
develops metastases in the regional lymph nodes and distant organs,. whereas in DMBA-in
duced mammary cancer metastases are only rarely seen. 
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Table 2. Effect of single agent chemotherapy in DMBA-induced mammary cancer of the rat 

Drug Dose Schedule Appli- TWIb R+Nca,b Change in MortalityC 
(mg/kg day cation (%) % body weight day 56/ 
day) day 28 day 21 day 0-28 total day 0 

or 28 (%) 

ADR 1.2 1-3, 14-16 i.p. 45 31 0 2/16 
Cyclo- 20 1 x 4 weeks i.p. 56 38 0 2/16 
phospharnide 
Vincristine 0.15 1 x 4 weeks i.p. 48 12 +4 2/16 
Prednisolone 10 1-21 p.o. 32 31 -2 0/16 
5-Fluorouracil 20 1-4, 14-17 i.p. 28 31 +9 1/16 
Methotrexate 0.4 1-4, 15-18 i.p. 31 6 -7 1/16 
BCNU 6.0 1, 2 i.v. 39 19 -6 5/16 
Control M3 0 +5 0/16 
Control M8M14 0 +7 0/18 

a R + NC, total tumour size ~ 150% of initial total tumour size. 
b Rats dying of toxicity by day 56 were excluded. 
C Due to toxicity. 

In summary, the biological behaviour of human and DMBA-induced mammary cancers is 
markedly similar. However, before using the rat tumour model as a predictive system, we 
have to investigate whether there is a correlation in the results obtained from cytostatic and 
endocrine therapy. 

Effect of Cytostatic Treatment 

First we examined the effect of seven anticancer drugs that are effective in human mammary 
cancer (Table 2). The schedules were adopted from clinical experience, i.e., adriamycin 
(ADR) was given intermittently at 14-day intervals. The dosage was reduced for the next 
treatment cycle in rats showing a loss of body weight as a sign of toxicity. The selected doses 
resulted in a mortality rate due to toxicity around the LDIO level, except for treatment with 
BCNU, which was more toxic. For statistical evaluation, differences in tumour size were cal
culated by the KRUSKAL-WALLIS test followed by multiple comparisons (DUNN, 1964), and 
the remission/no change rate with simultaneous tests by GABRIEL (1966). Single-agent 
therapy effected remissions apparent in total tumour size in rare cases only; on the other hand, 
the total tumour size in 146 untreated rats did not show spontaneous remission or stationary 
growth behaviour in a single case, indicating that both remission and no change in total tu
mour size must be considered a treatment success. In terms of remission plus no change rate, 
ADR, cyclophosphamide (CY), vincristine, prednisolone, 5-fluorouracil (5-FU), and BCNU 
were effective (Table 2). Methotrexate was studied in four different dosages, three of which 
were toxic. At a dose of 0.4 mg/kg, given on days 1-4 and 15-18, methotrexate resulted in 
only one no change out of 16 treated rats. However, in terms of tumour weight inhibition 
(TWI) over untreated rats, calculated as control-test/control x 100 (TWI), methotrexate was 

. active, effecting a TWI of 31 %. The other drugs listed in Table 2 also showed a marked TWI 
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Table 3. Effect of single-agent chemotherapy in mammary cancer 

Drug Human DMBA-induc.ed 
mammary cancer mammary cancer 
Remission of the rat: R + NC 
(%) 

Number/Total % 

Adriamycin 41" 21/63 33 
Cyclophosphamide 34b 6/16 38 
Methotrexate 34b 1/16 6 
5-Fluorouracil 26b 5/16 31 
BCNU 21C 3/16 19 
Vincristine 20b 2/16 12 
Prednisolone 18.5d 5/16 31 

Chlorozotocin NEe 8/16 50 
CH3S02O(CH2kCNU NE 7/16 47 
H 2NC(O)CH2-CNU NE 9/16 64 

" Adriamycin (1975). 
b CARTER (1976). 
C CARTER et aI. (1972). 
d LIVINGSTONE and CARTER (1970). 
eNE, not evaluated. 

Table 4. Effect of ADR and nitrosoureas in DMBA-induced mammary cancer. Analysis of total 
tumour size per rat 

Compound Dose Schedule TWI R + NC" Change of Mortalityb 
(mg/kg/ day (%) (%) body weight day 56/ 
day, i.v.) day 21 day 21 % total day 0 

or 28 day 0-21b 

CH3S02O(CH2k 8.0 1, 2 71NSC 47 - 2 2/15 
CNU 

4.0 1, 2 8 0 + 6 0/8 

H2NC(O)CH2-CNU 7.5 1, 2 70NS 64 -13 1/14 
10.0 1, 2 Toxic 6/8 

Chlorozotocin 10.0 1, 2 64NS 50 - 7 2/16 
20.0 1, 2 Toxic 7/17 

BCNU 6.0 1, 2 56NS 19 - 2 5/16 

ADR 3.0 1, 15 58 44 0 1/16 

Control 0 + 6 0/18 

CNU = NHCON(NO)CH2CH2CL. 
" R + NC, total tumour size;::: 150% of initial total tumour size. 
b Due to toxicity. 
C NS, no significant difference from ADR. 



Endocrine and Cytostatic Treatment of Experimental Mammary Cancer 85 

Table 5. Effect of ADR and nitrosoureas in DMBA-induced mammary cancer. Analysis of individual 
tumours per rat 

Compound Numbers of TWI (%) Rb R/total 
tumours day 21 evaluable 
~ 0.6 g Median 95% Con- % tumours' 
day 0 fidence 

interval 

CH3SOP( CHZ)2-CNU 32 78NSc 68-87 46NS 13/28 
17 5 0-41 0 0/17 

H 2NC(O)CH2-CNU 31 65NS 57-80 32NS 9/28 

Chlorozotocin 28 65NS 41-79 26NS 6/23 

BCNU 24 52 29-66 17 4/24 

ADR 36 59 54-73 21 7/33 

Control 32 3 1/32 

• Tumours from rats dying of toxicity were excluded. 
b R, remission; tumour size;; 50% of initial tumour size. 
C NS, not significant vs ADR. 

Table 6. Effect of combination chemotherapy in DMBA-induced mammary cancer of the rat 

Combination TWIb R + NC··b 
day 28 day 21 or 28 
(%) 

(no.) (%) 

Control 0 0 
ADR aloned 52 11 30 
ADR + 5-FU 73e 23 62e 

ADR + prednisolone 79f 30 81f 
ADR + cyclo- 81g 20 57 
phosphamide 

• R + NC, total tumour size ~ 150% of initial tumour size. 
b Rats dying of toxicity by day 56 were excluded. 
C Due to toxicity. 

Change in MortalityC 
body weight day 56/ 
day 0-28 total day 0 
(%) 

+5 2/27 
0 3/37 

+ 1 2/37 
-4 2/37 

0 10/37 

d ADR 1.2 mg/kg/day, days 1-3, 14-16, i.p., for 16 animals; ADR 3.0 mg/kg/day, days 1, 
15, i.v., for 21 animals. For dose reduction see text. 

e P vs ADR alone < 0.05. 
f P < 0.01. 
g P < 0.001. 

over untreated rats, ranging from 28%-56%. A slight decline in body weight was observed 
after treatment with prednisolone, methotrexate, and BCNU. 
In Table 3 the effect of single-agent chemotherapy on remission rate in human mammary 
cancer is compared with the remission plus no change rate obtained in the D MBA -induced tu
mour system. We find a marked correlation for ADR, cyclophosphamide, 5-FU, BCNU, vin-
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cristine, and prednisolone. In terms of remission/no change rate, only methotrexate was less 
active in the rat model than in human breast cancer. It is possible that with another schedule, 
e.g., administration twice weekly, the effect of methotrexate could be improved. Our findings 
indicate that - in terms of total tumour size per rat - the DMDA-induced tumour model is less 
sensitive than human mammary cancer, but a remarkable correlation must be noted in the re
lative sensitivities. 
Thus the DMBA-induced mammary cancer seems to be an excellent model for use in 
extended screening experiments to assess the antitumour activity of compounds effective in 
transplantation tumour systems. 
We tested a number of new nitrosoureas synthesised by G. EISENBRAND, German Cancer Re
search Center, Heidelberg (EISENBRAND et al., 1976; FIEBIG et al., 1977). Three nitrosoureas 
had marked antitumour activity. The water-soluble 1-(2-chloroethyl)-I-nitroso-3-(methylene
carboxamido)-urea (CNMCU) and 2-[3-(2-chloroethyl)-3-nitrosoureidolethyl-methansul
phonate (CNUEMS) resulted in remission plus no change rates of 64% and 47% in total tu
mour size, respectively. 
Chlorozotocin, a sugar derivative synthesised by the method of JOHNSTON et al. (1975), was 
also remarkably active, with a remission/no change rate of 50%. The three new nitrosoureas 
produced a more pronounced TW!, ranging from 71% to 64%, than did BCND and 
adriamycin, with 56% and 58% (Table 4). However, the differences against ADR were not 
statistically significant, which may be due to the limited number of rats and the large 95% con
fidence interval for the results. Analysis of individual tumours per rat, which were at least 
0.6 g at the beginning of treatment, revealed 23-32 evaluable tumours per test group 
(Table 5). 
The methansulphonate derivative CNUEMS resulted in 13 remissions in 28 cases, the amino 
acid derivative CNMCD in 9 remissions in 28, and the sugar derivative chlorozotocin in 6 
remissions in 23 treated rats. The remission rate was between 26% and 46%, as against 21 % 
for treatment with adriamycin and 17% for treatment with BCND. However, these dif
ferences were again not statistically significant. The evaluation of TWI showed the same re
sults. 
A higher TWI of between 65% and 78% was obtained with the new nitrosoureas, in 
comparison with 52% and 59% for treatment with BCND and adriamycin, respec
tively. 
The DMBA-induced tumour system allowed us to identify three nitrosoureas, two of which 
were first synthesised in our own institute, that showed at least the same and possibly a higher 
antitumour activity than adriamycin, clinically the most active anticancer agent in breast 
cancer. 
In human mammary cancer, combination chemotherapy resulted in a higher remission rate 
than single-agent therapy. ADR was therefore given in combination with other active drugs. 
In 1975 we started combination chemotherapy in DMBA-induced mammary cancer of the 
rat. The effect of ADR in combination with six other drugs active in human mammary cancer 
was investigated. A schedule with simultaneous application of two drugs was chosen. The 
purpose of these studies was to find out which combination had a synergistic effect in tumour 
inhibition without increasing toxicity. The effects of three combinations producing sta
tistically higher antitumour effects than ADR alone are shown in Table 6 (FIEBIG and 
SCHMAHL, 1976). Each test group consisted of 37 rats. The remission/no change rate was 
62% for ADR + 5-FD, 81% for ADR + prednisolone, and 57% for ADR + cyclo
phosphamide. ADR alone resulted in 30% remissions/no change. The three combinations 
yielded a TWI of between 73% and 81 %. The differences in comparison with ADR alone were 
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Table 7. Effect of combination chemotherapy in DMBA-induced mammary cancer of the rat 

Combination Dose Schedule Appli- TWIb R+ Change in MortalityC 
(mg/kg day cation (%) NC·,b body weight day 56/ 
day) day 28 day 21 day 0-28 total day 0 

or 28 (%) 
(%) 

ADR alone 1.2 1-3, i.p. 45 31 0 2/16 
14-16 

ADR + 1.2 1-3, Lp. 47NS d 38 +4 1/16 
vincristine 0.15 14-16 Lp. 

1 x 4 weeks 

ADR alone 3.0 1, 15 Lv. 66 44 + 1 1/16 

ADR + 3.0 1, 15 i.v. 64 50 0 1/16 
methotrexate 0.4 1-4, Lp. 

15-18 

ADR + 2.5 1, 15 Lv. 59 44 -3 3/16 
BCNU 4.0 1, 2 Lv. 

Control 0 +6 0/18 

• R + NC, total tumour size::::: 150% of initial total tumour size. 
b Rats dying of toxicity by day 56 were excluded. 
C Due to toxicity. 
d NS, no significant vs ADR. 

Table 8. Effect of combination chemotherapy on human breast cancer, DMBA-induced mammary 
cancer of the rat, and mouse leukaemia L 1210 

Combination 

ADR alone 
ADR + cyclophosphamide 
ADR + 5-FU 
ADR + methotrexate 
ADR + vincristine 
ADR + BCNU 
ADR + prednisolone 

Human breast 
cancer 
remission rate 
(%) 

41C 

80d 

47-70e (+ CY) 
42e 

45-48e 

NEf 
NEf 

• GOLDIN and JOHNSON (1975). 
b GOLDIN and JOHNSON (1975). 
C Adriamycin (1975). 
d JONES et al. (1975). 
e TORMEY (1975). 
f NE, not evaluated. 

Mammary cancer 
of the rat 

Leukaemia 
L 1210" b 

Therapeutic synergism 

+ 
+ 

+ 

+ 

+ 
+ 
± 
NE 
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statistically significant at the levels listed in Table 6. In combination chemotherapy the same 
doses as in single-agent therapy could be given for the combinations AD R + 5-FD and AD R 
+ prednisolone. 
Only when the combination ADR + cyclophosphamide was used a reduction of dose was 
necessary for the second treatment cycle. However, an increase in toxicity was seen. 
Table 7 lists the results of three combinations that showed no synergistic effect. The 
combinations ADR + vincristine and, in further experiments, ADR + methotrexate and 
ADR + BCND were no more effective than ADR alone. 
A comparison of results obtained with combination chemotherapy in human mammary 
cancer, in the DMBA-induced tumour system, and in mouse leukaemia L 1210 is given in Ta
ble 8. In human mammary cancer, a higher remission rate was evident for the combinations 
ADR + CY and ADR + 5-FD. No synergistic or additive effect was demonstrable for ADR 
+ methotrexate and ADR + vincristine (JONES et aI., 1975; TORMEY, 1975). The com
binations ADR + BCND and ADR + prednisolone have not been tested clinically. Four 
combinations were evaluated in the three tumour systems. Leukaemia L 1210 predicted 
correctly that only the combination ADR + CY would be synergistic. The DMBA-induced 
rat mammary cancer showed the same findings as in clinical practice for all four com
binations. In summary, a marked correlation is evident both for single-agent chemotherapy 
and for combination chemotherapy between the results of treatment in human breast cancer 
and in DMBA-induced mammary cancer of the rat. 

Effect of Endocrine Therapy 

In their early experiments, HUGGINS et ai. (1959) showed that DMBA-induced mammary tu
mours are highly sensitive to ablative and additive endocrine therapy. Later on, specific 
oestrogen, progesterone, prolactin, androgen, insulin, and corticoid receptors were found in 
DMBA-induced mammary cancer (LECLERQ and HEUSON, 1973). 

Present Studies 

Purpose, Methods and Results 

Our studies were carried out to investigate the effects of ovariectomy (0 V), the anti-oestrogen 
tamoxifen (TAM), and the prolactin inhibitor ergocornine (EC), alone and in combination, on 
chemically induced mammary cancer. We were especially interested to ascertain whether 
T AM or EC could replace OV, and whether a combined endocrine therapy with OV could im
prove the effect ofOV alone. Intact rats were used in an attempt to reflect the premenopausal 
hormonal situation. 
Treatment with TAM (tamoxifen citrate) and EC was given at a dose level of2.0 mg/kg body 
weight, corresponding to 14 mg/m2 (FREIREICH et aI., 1966), daily until the tumour size was 
greater than 150% of the initial tumour size and for at least 21 days. TAM was administered 
as a solution in oil through a stomach tube, and EC, which is soluble in 3% ethanol, was in
jected s.c. The effectiveness of TAM in DMBA-induced breast cancer has been described by 
JORDAN and KOERNER (1976), and the efficacy of EC by CASSEL et ai. (1971). 
In premenopausal women with advanced oestradiol-receptor (ER)-rich breast cancer, OV is 
the treatment of choice. The anti-oestrogen TAM also displayed some activity, producing 36 
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remissions in 141 patients (25%) treated at different institutes (PATTERSON, personal commu
nication). Clinical trials comparing OV and TAM are in progress. 
In DMBA-induced mammary cancer, we compared OV with TAM and combination chemo
therapy with ADR + 5-FU. OV was significantly more effective than TAM and ADR + 5-FU 
(FIEBIG and SCHMAHL, 1977). 
In accordance with the hypothesis that the competitive blocking of oestrogens synthesised by 
the adrenal glands after OV could yield an additional effect, we compared OV alone with OV 
+ TAM (Fig. 3). 
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Table 9. Effect of OV, TAMa, and Eca alone and in combination on survival time in MNU-induced 
mammary cancer of the rat 

Treatment Number Survival time (days) Increase in lifespan 
of rats over controls (%) 

Median Range 

OV 11 223 180- 310 77 
OV+EC 12 220 136-> 347 75 
OV+EC+TAM 11 183 76-> 394 45 
EC 12 127 41- 267 1 
TAM 12 181.5 82- 283 44 
EC + TAM 12 195 65- 275 55 
Control 12 126 22- 215 

a Doses for EC and TAM were 2.0 mg/kg/day, corresponding to 14 mg/m2, administered s.c. and 
by stomach tube, respectively, until the total tumour size was greater than 150% of initial total 
tumour size, or for at least 21 days. 

The combination of OV and TAM was significantly less effective than OV alone (P < 0.001). 
When treatment with TAM was stopped, the total tumour size of rats receiving TAM alone 
continued to increase, whereas the median total tumour size of ovariectomised rats decreased 
after discontinuation of the therapy with TAM. On day 70 the difference was no longer 
significant. The combined therapy resulted in one complete and one (?) partial remission in 
17 rats, in contrast to 16 remissions in 18 rats with OV alone. 
In the endocrine treatment of MNU-induced mammary cancer, only OV has been studied 
(GuLLINO et at., 1975). Prolactin inhibitors such as ergocornine (EC) and ergocryptin showed 
marked antitumour activity (CASSEL et al., 1971) against DMBA-induced mammary tu
mours. We studied the effects ofOV, TAM, and EC alone and in combination on MNU-in
duced mammary cancer (Fig. 4). As single therapy, OV was markedly more effective than 
TAM + EC, which did nevertheless produce some tumour inhibition in comparison to 
untreated rats. The combination of OV + EC was no more effective than OV alone. 
Additional treatment with TAM again reduced the effect of both OV alone and of the 
combination OV + EC. The combination ofEC + TAM showed the same effect as EC alone 
(Fig. 4). Evaluation of individual tumours per rat, which were at least 0.6 g at the beginning of 
therapy, led to the same conclusions. OV alone resulted in 12 complete remissions in 30 single 
tumours (40%), OV + EC in 10 in 29 (34%). 
Table 9 lists the median survival times, these being a valuable parameter in the MNU-induced 
tumour system. Rats receiving OV + EC lived as long as rats subjected to ovariectomy alone. 
The addition ofT AM produced a decrease in the survival time. Therapy with TAM alone re
sulted in a markedly longer survival time than in the untreated rats, whereas rats receiving EC 
alone lived no longer than untreated controls. The combination TAM + EC did not increase 
the survival time over that obtained with TAM alone. 

Conclusion 

The purpose of these experiments was to study whether the effect of OV could be enhanced 
by simultaneous combination with TAM and/or EC in chemically induced mammary cancer 
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of intact rats. TAM was given at the dose level of 14 mg/m2, the same as is used in 
women. 
The results of our studies were negative. In this experimental model OV was significantly 
more effective than TAM. The combination ofT AM + OV significantly reduced the effect of 
OV alone, and suggests caution in any clinical trial of the combined therapies. 
While the prolactin inhibitor ergocryptin showed no effect in mammary cancer of post
menopausal women (EORTC, 1972), EC had a marked antitumour activity in chemically in
duced mammary cancer of intact rats. The possible therapeutic value of prolactin inhibitors in 
breast cancer of premenopausal women has not yet been studied. 
In the DMBA-induced tumour system, the mechanism of action of oestrogen removal 
produced by OV is probably via a direct effect on tumour cells. However, OV produced a si
multaneous decrease in the prolactin level, which could contribute to the tumour regression 
(JORDAN, 1976). In our experiments, the combination OV + EC was no more effective than 
OV alone. Thus, further blocking of the reduced prolactin level following OV had no more 
pronounced antitumour effect. 

Discussion 

To determine whether the chemically induced mammary cancer of the rat is a suitable model 
for human breast cancer we have to compare the effect of established therapeutic measures in 
both tumour types. 
Cytostatic treatment was effective in DMBA-induced mammary cancer, but to a lesser 
degree than in human breast cancer. However, there was a marked correlation between the 
remission/no change rate in total tumour size and the remission rate obtained in clinical prac
tice (Table 3). In the DMBA-induced model no change must be considered as successful treat
ment, since in 146 control rats in different experiments no spontaneous remission or sta
tionary growth behaviour oftotal tumour size was observed. As in the clinical situation, com
bination cytostatic treatment was more effective than single-agent chemotherapy (Ta
ble 6). 
Four cytostatic combinations were evaluated in human breast cancer, in experimentally 
induced mammary cancer, and in the widely used mouse leukaemia L 1210 (Table 8). 
DMBA-induced mammary cancer gave a correct prediction for all four combinations, 
whereas L 1210 only predicted correctly that the combination ADR + cyclophosphamide 
would be synergistic. 
The comparable relative efficacy of single-agent and combination therapy suggests that the 
results of cytostatic treatment of DMBA-induced mammary cancer can be extrapolated to 
human breast cancer. However, in evaluating cytostatic treatment, it must be kept in mind 
that anticancer drugs influence the endocrine situation and that they might act via a chemical 
castration, besides having a direct effect on tumour cells. 
Furthermore, the dose of cytostatic drugs must be limited to a level where any loss of body 
weight can be avoided. In 1967 GROPPER and SHIMKIS demonstrated that a loss of body 
weight displayed in itself a marked antitumour effect in hormone-sensitive mammary cancer 
of the rat. This finding is probably due to a disturbance of the endocrine situation ofthe female 
rat produced by a reduced food intake (GREENSTEIN, 1954). 
The endocrine therapy effected a higher remission rate in the experimental mammary cancer 
than in human breast cancer. In DMBA-induced mammary cancer OV resulted in remissions 
of 86% and 89% in two different experiments. MNU-induced mammary cancer is even more 
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susceptible to OV, which yields a remission rate of 95%. Breast cancer in premenopausal 
women is less sensitive to castration, the remission rate with this procedure being about 30%. 
These findings can be explained by the different ER concentrations. DMBA-induced tumours 
are ER-rich in 90% of cases, in contrast to 60% or less of cases of human breast cancer tis
sue. 
In the DMBA- and MNU-induced tumour models, OV was markedly more effective than 
TAM, which was given at the same dose level as in humans, based on body area. Clinical trials 
comparing OV and TAM in premenopausal women with breast cancer are in progress. EC, 
which was active in MNU-induced tumours, has not been investigated in premenopausal 
women. 
The combination of OV and TAM produced an antagonistic effect, reducing the effect of OV 
alone. This finding can be explained by the fact that TAM has intrinsic weak oestrogenic pro
perties, stimulating, for example, the growth of the uterus in adolescent female rats (JORDAN, 
1976). 
Our experimental findings suggest a cautious approach to any clinical trial combining OV 
with TAM in mammary cancer of premenopausal women. However, our experiments do not 
answer the question as to whether the duration of a remission or no change could be increased 
by subsequent treatment with TAM given when new signs of tumour activity become evident 
or when the level of oestradiol synthesised in the adrenal glands increases. 

Summary 

DMBA-induced mammary cancer of the rat shares a number of characteristics with human 
breast cancer, but there are also differences, the main one being that metastases are rarely ob
served. A marked similarity was demonstrable in the relative sensitivity to cytostatic and en
docrine treatment. In single-agent chemotherapy six of seven drugs that are active in man 
were also active in DMBA-induced mammary cancer, although to a lesser extent than in man. 
Of a number of new compounds tested, three new anticancer agents of the nitrosourea class 
could be identified that displayed a higher antitumour activity than BCNU and an effect at 
least equal to, and probably more pronounced, than that of adriamycin (ADR). Among the 
new compounds the water-soluble amino acid derivative 1-[2-(chloroethyl)-1-(nitroso-3) 
methylenecarboxamido]-urea (CNMCU) and the sulphonic acid ester 2-[3-(2-chloroethyl)-
3-nitrosoureido]ethylmethansulphonate (CNUEMS) were first synthesised in our own 
institute by EISENBRAND. Chlorozotocin, a sugar derivative, was also remarkably ac
tive. 
In combination chemotherapy, a marked agreement with clinical results is evident. The 
combinations ADR + cyclophosphamide, ADR + 5-FU and ADR + prednisolone de
monstrated a therapeutic synergism, whereas methotrexate, vincristine, and BCNU yielded 
no additional effect. In the four combinations investigated clinically, the DMBA-induced 
mammary cancer showed identical findings for all combinations, in contrast to the mouse leu
kaemia L 1210, which gave a false result for three off our combinations. The encouraging re
sults of the combination ADR + prednisolone, which has not been tested in human mammary 
cancer, should stimulate a clinical trial. 
In the endocrine therapy of induced mammary cancer in intact rats, OV alone remains the 
most effective treatment. As a single therapy, OV was significantly more effective than the 
prolactin inhibitor ergocornine (EC) or the anti-oestrogen tamoxifen (TAM). At the doses giv
en the combination of OV + EC produced no added effect. Additional treatment with TAM 
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weakened the effect of OV alone and ofthe combination OV and EC. These findings suggest 
caution in clinical testing of OV and simultaneous therapy with TAM. 
The common characteristics in biological behaviour and the comparable relative sensitivity to 
cytostatic and endocrine treatment make chemically induced mammary cancer of the rat an 
excellent experimental model for human breast cancer. 
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Introduction 

Patients with breast cancer in the early clinical stages often complain of bone pain although 
they may not have radiologically apparent bone metastases and indeed clinical tests may re
veal evidence of hypercalcaemia. There is a high incidence of bone metastases in advanced 
breast cancer and a well-correlated increase in the incidence of hypercalcuria and hy
percalcaemia. It is also known that bone pain can increase dramatically whenever hy
percalcaemia develops. We have been impressed by the clinical effects of tamoxifen, which in 
addition to its anti-oestrogenic properties causing tumour regression has been observed to re
lieve bone pain in many other patients in the absence of measurable tumour regression and in 
the absence of recalcification of bone metastases. 
In a study involving 127 patients with advanced breast cancer, GALASKO and BURN (1971) 
diagnosed some abnormality of calcium balance in 63 patients (50%), and most patients in the 
survey had radiologically apparent bone metastases. Of 18 patients who did develop pro
nounced hypercalcaemia with acute bone pain, 17 had bone metastases. In two clinical trials 
of tamoxifen as a palliative therapy in advanced breast cancer, significant numbers of patients 
experienced relief of bone pain. In the trial of BRULE (1976), 54 of84 patients with bone pain 
obtained relief during 2 months of therapy with tamoxifen (20 mg b.i.d.). In the study of 
RIBEIRO (1977), 32 of 111 patients responded objectively to tamoxifen as the first endocrine 
agent (10 mg b.i.d.) and a further 12 patients with bone metastases who did not respond ob
jectively to tamoxifen obtained complete symptomatic relief for approximately 6 months 
without concomitant radiotherapy. Osteolysis of bone by primary or secondary tumours, 
whether or not accompanied by overt hypercalcaemia, is the result of aberrant mobilisation of 
bone calcium triggered by local or humoral stimuli. 
In most cases of hypercalcaemia associated with carcinoma it appears that levels of para
thyroid hormone (PTH) and related polypeptides are not abnormal in either plasma or 
tumour tissue. Therefore other osteolytic substances seem to be implicated. 
The prostaglandins comprise a group of potential mediators of bone pain, and there are two 
sources of support for this statement. First, prostaglandins of the "E" series are potent bone 

The author wishes to thank Mr. D. GEORGE and Mr. J. HOWAT of the Withington Hospital, 
Manchester, for kindly helping to provide samples, and Mr. L. SKINNER of the Christie Hospital, 
Manchester, for the receptor measurements. 
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resorption stimulators in cultures of foetal bone. Second, prostaglandin E2 is probably 
responsible for the hypercalcaemia seen in transplantable' tumours in animals. 
The prostaglandins are generally accepted to be synthesised by all mammalian cells and to act 
as local hormones mediating biological control mechanisms within the tissues. Although 
there are now nine known classes of prostaglandins, those of interest in this context are PGE2 
and PGF 2a' Both these prostaglandins are derived from the essential unsaturated fatty acid, 
arachidonic acid, by incorporation of two moles of oxygen catalyzed by the cyclo-oxygenase 
enzyme, a component of the prostaglandin synthetase complex. 
The enzymic product is an unstable hydroperoxy acid (PGG;J, which is converted to the 
equally unstable PGH2 by loss of an oxygen atom at CIS' PGH2 is then converted to one or 
more prostaglandins, including PGE2 and PGF 2a' by enzymes present in a membrane-bound 
complex. 
The biological properties of these two prostaglandins are diverse and often produce opposing 
effects in pharmacological preparations. Furthermore, it is likely that the prostaglandins 
synthesised by a particular cell type are in a ftxed ratio under normal physiological conditions. 
This ratio may be changed under pathological conditions. 

In Vitro Studies 

Since the prostaglandins are potential mediators it was postulated that the relief of bone pain 
by tamoxifen might be due to an effect on prostaglandin biosynthesis in breast tumour tissue. 
Preliminary investigations indicated that tamoxifen is a potent inhibitor of prostaglandin 
synthetase activity in ram seminal vesicles. Tamoxifen was therefore investigated as an 
inhibitor of this enzyme in human breast tumour tissue. 
Malignant breast tumour samples were obtained from patients in clinical stages I-II and used 
within 2 h of surgery. The sample of breast tumour tissue (0.25-2.0 g) was chopped and 
mixed with a buffer solution (Tris/sucrose/EDTA; pH 7.4), rapidly homogenised (15 s) and 
briefly centrifuged. From this a cell-free extract containing the enzyme was obtained, which 
was immediately used for assay. The enzyme was preincubated in Tris-HCI buffer (PH 7.9) 
with or without inhibitor (acetylsalicylic acid, indomethacin, or tamoxifen) in ethanol at a 1 % 
ftnal concentration. The co-factors, adrenaline and substrate, arachidonic acid or 14C_ 
arachidonic acid, were added to give a ftnal volume of 0.1 ml. After incubation for 30 min at 
30° C the solutions were acidifted to stop the reaction. 
The prostaglandins synthesised during the incubation process were determined by one of the 
following three procedures: 

1) Silicic acid microcolumn chromatography. Total synthesis of a prostaglandin-like 
material was measured. Oxygenated products from arachidonic acid are more polar, 
so arachidonic acid was separated from these products and the total conversion 
measured. 

2) Radio thin-layer chromatography. The prostaglandins were extracted from the incubation 
mixture and chromatographed on thin-layer plastic-backed plates. These were then cut up 
and the areas corresponding to authentic prostaglandins E and F were counted. 

3) PGE determination by radioimmune assay. In this procedure the cold synthesised prosta
glandin E is determined after extraction with a rabbit antiserum of high speciftcity. The 
sensitivity ofthis assay is such that 20 pg PGE in a sample can be measured and the cross
reaction with PGF is less than 0.01%. 
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Results 

The results of silicic acid chromatography on microcolumns are shown in Table 1. Con
version of substrate in these experiments is about 1 %. Indomethacin at a high concentration 
completely inhibits the enzyme. Tamoxifen at high concentrations produces variable, but po
tent inhibition. The cis-isomer of tamoxifen (ICI 47,699), which has little anti-oestrogen 
activity, shows some inhibitory activity but it is not dose-dependent. The thin-layer radio 
chromatogram method yielded prostaglandins E and F in roughly equal amounts (Fig. 1). 

Table 1. Inhibition of malignant breast tissue PGS activity by tamoxifen, ICI 47,699, and in
domethacin (radioassay and microcolurnns separation method) 

Inhibition (M) 

None 

Tamoxifen 2 x 10- 3 

1 x 10-3 

5 X 10-4 

1 x 10-4 

ICI 47,699 2 x 10-3 

1 x 10-3 

5 x 10- 4 

1 x 10-4 

Indomethacin 1 x 10-4 

1 X 10-5 

100 

80 

c 
~ 60 ;g 
.r:::. 
c 
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20 
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Fig. 1. Inhibition of malignant breast tissue prostaglandin synthetase (radioassay and thin-layer 
chromatographic separation of prostaglandins). 0, PGE; ~, PGP. Ratio, PGE : PGP = 0.82 
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Table 2. Receptor levels, PGE-synthesising capacity, and its inhibition by tamoxifen in malignant 
breast tumour 

Patient % Inhibition of Net PGE synthesis Receptor level" 
PGE synthesis by (ng PGE/g wet tissue) 

Indomethacin Tamoxifen ER PgR 
(10-5 M) (5 X 10-5 M) 

1 44 0 125 5 15 
2 100 29 138 5 818 
3 99 33 661 5 1000 
4 90 55 471 145 472 
5 97 60 796 400 15 
6 97 66 957 57 15 
7 100 69 248 795 15 
8 99 69 381 48 68 

" fmol/mg cytosol protein. 

Tamoxifen produced a high dose-dependent inhibition of prostaglandin synthetase activity, 
whereas ICI 47,699 dit not. Prostaglandin E and F were equally affected by the inhibitors. 
The main reason for using the radioimmune assay is because PGE is implicated as a mediator 
of calcium release. PGE synthesis has been measured after incubation with a cell-free extract. 
The results confirm that tamoxifen produces at least 50% inhibition ofPGE synthesis at con
centrations as low as 10-6 M. 
These results with cell-free extracts have shown that malignant breast tumour tissue contains 
significant prostaglandin synthetase activity and produces prostaglandins of the E and F se
ries. It has also been shown that tamoxifen directly inhibits the cyclo-oxygenase reaction of 
prostaglandin synthetase in a dose-dependent manner, and that the cis-isomer does not. 
Further investigations of this property have been carried out in a number of breast tumours 
and a comparison made of total prostaglandin synthesis and the extent of inhibition by 
tamoxifen. Data were also collected on oestrogen and progesterone receptors. 
The actual process ofhomogenising a tissue releases arachidonic acid and permits a very rap
id burst of synthetase activity. This activity is itself inactivated by the formation of excess in
termediate endoperoxide, and this means that in cell-free extracts the prostaglandin syn
thetase activity underestimates the true prostaglandin-synthesising capacity of that tissue. 
Consequently, the following procedure was adopted to estimate prostaglandin synthe
tase. 
Weighed samples (50 mg wet wt.) of malignant or nonmalignant breast tissue were added to 
acidified ethanolic Krebs' solution, which inactivates the enzyme during homogenisation; this 
will thus be a measure of the content of preformed (basal) prostaglandin in that tissue. A sec
ond sample was homogenised in Krebs' solution for 10 s to provide a measure of the total 
prostaglandin-synthesising capacity. The inhibitor was added before the samples were 
homogenised. After a brief incubation (15 min at 37° C), the prostaglandins were extracted 
and PGE was determined by radioimmune assay. In nonmalignant tissues the basal levels 
were not detectable by the assay method, but the synthesising capacity of nonmalignant tissue 
is about 7 ng PGE/ g tissue (wet wt.); in malignanttissues the amount preformed in the tissue is 
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similar to that synthesised in nonmalignant tissue (5.5 ng/g wet wt.), but the synthesising 
capacity is very much greater, giving a median of 310 ng PGE/g wet wt. This represents 
40 fold PGE synthesis in malignant tissues compared with nonmalignant tissue. These values 
are similar to those reported by BENNETI et al. (1975) in a survey of breast tumour tissue in 
which he measured prostaglandins by bioassay. 
The effectiveness of indomethacin and tamoxifen under these incubation conditions has been 
determined in a number of malignant tissue samples, most of which have been taken from infil
trating duct carcinomas. The data are shown in Table 2. 
In eight tumour samples, indomethacin was almost completely inhibitory at 10-5 M in all 
cases but one; tamoxifen produced significant prostaglandin synthetase inhibition in seven of 
eight tumours at 5 x 10-5 M. The individual values for the net prostaglandin E synthesised by 
these samples of malignant breast tissue vary from 100 to 1000 ng/ g wet wt. Not all the tu
mours were equally inhibited by the dose of tamoxifen used, nor did the extent of inhibition ap
pear, to correlate with the net PGE synthesis by that tumour. The cis-isomer (IeI 47,699) at 
the same concentration as tamoxifen failed to inhibit the enzyme activity in four of six 
malignant tumours. 

Discussion 

The number of experiments is insufficient to predict any correlation of receptor levels, but 
there is unlikely to be a correlation with progesterone receptor levels. It will be of interest to 
continue to monitor oestrogen receptor levels and compare them with the effect of tamoxifen 
under these conditions. The dose-response curve for tamoxifen has been determined in two 
malignant tumours; the inhibitory concentrations giving 50% inhibition in these two tumours 
are in the range between 10-7 and 10-6 M. These results provide conclusive evidence that tam
oxifen is an effective inhibitor of human breast tumour prostaglandin synthetase in vi
tro. 
The properties of tamoxifen described here may not be attributable to its potency as an anti
oestrogen, since oestradiol has no direct stimulatory effect upon prostaglandin synthetase 
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I 
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Fig. 2. The possible mode of action of tamoxifen in the relief of bone pain in breast cancer 
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and does not antagonise the inhibition caused by tamoxifen. It is interesting that high 
concentrations of stilboestrol also inhibit prostaglandin synthetase in vitro. 
The role of prostaglandins as mediators of bone resorption in breast cancer is supported by 
the data of POWLES et al. (1976), who found a high incidence of in vitro osteolytic activity was 
produced by samples of human breast tumour incubated in tissue culture. All the samples 
from patients with bone metastases produced osteolysis, and eight of nine osteolytically active 
tumours showed reduced in vitro osteolysis when incubated with acetylsalicylic acid, a 
prostaglandin synthetase inhibitor. These results suggest that a prostaglandin-like material is 
produced by the tumours and may be one of the causative agents of bone resorption. If these 
results are substantiated, and if supportive evidence obtained from various model systems is 
applicable to all stages of breast cancer, then an anti-oestrogen possessing significant 
prostaglandin synthetase inhibitory activity may have advantages in therapy. 
These results suggest an hypothesis that may account for the clinical observation of bone pain 
relief (Fig. 2). In tumour tissue arachidonic acid is released from phospholipids and converted 
to prostaglandins, which pass systemically to the bones where they may activate osteoclasts. 
There is evidence from model systems in support of this suggestion. When osteoclasts are acti
vated calcium is released from the bone matrix with concomitant pain, caused by a combina
tion of increased bone stress and made worse by the peripheral hyperalgesic action of 
prostaglandins at sites of inflammation. 
It is suggested that tamoxifen may be preferentially taken up into tumour tissue, whereby it is 
able to effect inhibition of prostaglandin synthetase so reducing prostaglandin output and the 
resorption of bone calcium. Tamoxifen is known to be concentrated in certain tissues; the con
centration in the human endometrium is three times that in serum (FROMSON and SHARP, 
1974), and the concentration in hypertrophied human prostate is ten times the serum 
concentration (PATTERSON, unpublished data). 
Such an hypothesis may be tenable for metastasised bone, since prostaglandins could reach 
their sites of action within their short half-lives. It is interesting to speculate whether 
prostaglandin output may be moderated in the primary tumour itself to influence calcium re
sorption either directly or indirectly. 
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The cure rates of breast cancer have not actually changed in recent decades, although many 
treatment procedures have been proposed. Although we can cure a lot of patients, we are con
fronted with the problem that the majority of them will develop metastases. Thus more 
patients have to be treated by systemic therapy than we can treat by surgery and ra
diotherapy. Probably the size of this group of patients is increasing because of adjuvant treat
ment modalities. 
We all know that after metastases have developed the fate of the patient is decided, but 
prolongation of life can be achieved with systemic therapy. Thus patients with metastatic 
breast cancer are incurable but treatable. Endocrine treatment was the first, and for a long 
time the only method of treating cancer patients with metastases. 
In the treatment of breast cancer there have been at least two landmarks, both at the end of the 
last century: the introduction of radical mastectomy by HALSTED (1890/91) in the United 
States and ROTIER (1899) in Germany, and the discovery by BEATSON (1896) in Scotland 
and SCHINZINGER (1889) in Germany that ovariectomy leads to regression of the tumour. 
Due to the disappointing results of prophylactic endocrine measures, e.g., ovariectomy 
and/or androgens and other measures, the main field of application is the advanced stage 
(HORSLEY and HORSLEY, 1962; KENNEDY et al., 1964; NISSEN-MEYER, 1967; TAYLOR, 
1939). 
When encouraging results were obtained with polychemotherapy, endocrine treatment fell 
into the background. 
However, there is no doubt the lives of responding patients can be extended for some years, 
with an improved quality of life. This is one advantage of endocrine measures. Moreover, they 
are less expensive and easier to handle by the doctor. The disadvantage vis-a.-vis poly
chemotherapy is the lower remission rate in unselected patients. 
The overall remission rates are about 30%, ranging from 20% for androgens to 40%-45% 
after hypophysectomy. According to STOLL (1977), a 50% reduction in tumour size means a 
99% tumour cell kill. Thus the arrest of a progressive disease can be an especially favourable 
response for the patient, because this arrest is often accompanied by increased well-being and 
relief of pain. 
It is difficult to view these subjective remissions objectively. They are more frequent after 
ablative procedures and in the case of bone metastases. STOLL (1970) estimates the pro
portion of patients who experience this type of favourable treatment effect at about 
50%. 
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Table I. Incidence of regression after hormone ablative treatment, according to the dominant site of 
metastases. (FRACCIA et al., 1969; TAYLOR, 1966) 

Location of Oophorectomy Adrenalectomy Hypophysectomy 
metastases (premenopausal +/- oophorectomy 

patients) 

No. of Regression No. of Regression No. of Regression 
pts. (%) pts. (%) pts (%) 

Soft tissue 103 35 425 35 148 30 

Viscera 71 29 576 18 202 25 

Bone 81 42 743 35 325 35 

Total 225 35 1744 30 675 31 

Table 2. Objective remission from oestrogen therapy according to site of 
involvement (Adapted from HEUSON, 1974) 

Dominant lesion A.M.A. C.B.C.G. KENNEDY STOLL 
(1960) (1964) (1965) (1973) 

Soft tissue 41% 32% 38% 29% 

Bone 30% 12% 25% 5% 

Visceral 32% 13% 26% 17% 

Table 3. Influence of interval between menopause and beginning of 
hormone therapy (Adapted from HEUSON, 1974) 

A.M.A. C.B.C.G. STOLL 
(1960) (1964) (1973) 

Interval Remissions Remissions Remissions 
(years) (%) (%) (%) 

0-4 12 7 7 

5-9 38 29 23 

>9 37 20 26 

The response to any kind of endocrine therapy depends on some clinical parameters. First, the 
site of the metastatic lesion is crucial. In general, visceral metastases show poor responses. 
Based on retrospective evaluations by TAYLOR (1966) and FRACCHIA eta!. (1971), Table 1 il
lustrates the poor response of visceral metastases to ablative surgery. But the observed 
response rates related to the sites ofthe lesions vary widely in the various published series. Re-
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Fig. 1. Clinically disease-free interval in breast cancer, correlated with response to hypophysectomy. 
(Adapted from FRACCHIA et al., 1971) 

cently V AN GILDER and GOLDENBERG (1975) reported remissions in 83% of patients with os
seous metastases after trans-sphenoidal hypophysectomy. Similar deviations were reported 
in the effect of additive hormone therapy, e.g., oestrogen therapy (Table 2). 
A more reliable clinical index is found in the duration of the menopause, especially for additive 
procedures. Table 3 shows that patients in the early menopause have little chance of respond
ing. There is a tendency for results to improve with advancing age. 
The third well-known observation is the negative correlation between a short disease-free in
terval after primary treatment and response to endocrine measures. As an example, Fig. 1 
shows the response rate after hypophysectomy as a function of the disease-free interval. This 
observation was not confirmed by STOLL (1970). 
Thus, there is a possibility of selecting patients with advanced cancer by clinical parameters. 
But the differences are not clear-cut and their predictive value is limited. Therefore the 
response after the first endocrine treatment was found to be the only reliable indicator as to 
whether the tumor was hormone-responsive or not. This led to the recommendation that pa
tients be treated first by endocrine measures. Since poly chemotherapeutic regimens have 
shown a higher efficacy independent of the site oflesion, the menopausal status, and the dis
ease-free interval this is no longer thought advisable. However, the results of the various che
motherapeutic combinations are not so convincing that it is ethically justifiable to treat every 
patient with cytotoxic drug combinations. If we look at the data collected in controlled 
studies, more than half the patients have received aggressive and expensive treatments with 
many side effects and no beneficial effect (CARBONE et aI., 1977). From the point of view of 
side effects and costs endocrine treatment is preferable, but it is of course not free of side ef
fects. Major endocrine-ablative surgery is not acceptable unless there is a reasonable chance 
that the patient will benefit from this kind of treatment. 
As more therapeutic alternatives are now available pretherapeutic prediction is more urgently 
needed than before. 
The introduction of anti-oestrogens has been a substantial advance. Several controlled trials 
have shown that anti-oestrogens are at least as effective as conventional treatment pro
cedures, and may have results comparable to those of major ablative surgery, e.g., adrenalec-
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Table 4. Objective remission with tamoxifen. (MORIDSEN et al. 1978) 

N CR PR NC PROG CR + PR 

1173 73 299 234 577 372/1173 = 31.7% 

N, number of patients; CR, complete response; PR, partial response; 
NC, no change; PROG, progression. 
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Table 5. Clinical course after endocrine treatment of oestrogen receptor-positive vs -negative 
patients 

No. of Objective No change, partial remission, Previous No effect 
patients remission or R of another lesion remission 

ER+ 53 34 = 64% 5 7 7 = 13% 

ER- 52 3 4 2 43 = 83% 

tomy (COLE et aI., 1972; HENNINGSEN and AMBERGER, 1977; TAGNON, 1977). Due to the 
photosensitising effect of nafoxidine, tamoxifen is now the compound of choice. 
The data presented by PATTERSON ( 19 77) are given in Table 4. The overall 0 bj ective response 
rate is within the range for other procedures. An additional 20% of the patients showed an ar
rest ofthe disease. The observation time is still too short to permit any definitive statement, but 
the average duration of response seems to be quite long. Obviously tamoxifen is suitable as the 
first step of treatment, but it is also effective as a subsequent therapy after preceding 
treatments. 
It is remarkable that patients who did not respond to a previous endocrine therapy have a 
good chance of achieving remission with tamoxifen. The number of cases in this group - 10 
out of 17 - is still too low for definitive conclusions. Otherwise this observation would be of 
great clinical and biological importance. In any case, an attempt at treatment with tamoxifen 
after endocrine and chemotherapy seems to bejustified. The dependence of the effects of anti
oestrogens on metastatic site, age, and disease-free interval is comparable to that seen with 
other endocrine measures. Soft tissue metastases show the best response. According to the 
data of HENNINGSEN and AMBERGER (1977), lung and pleural metastases, in particular, 
respond quite well, whereas in this study and that of FIR US IAN and SCHMIDT (1977), bone le
sions were poor responders. Side effects were rare and did not cause much stress on the pa
tients. 
As mentioned above, the predictive value of the clinical parameters is limited for practical use. 
An experienced oncologist may be able to achieve a rough selection. The choice of in
dividualised therapy has been greatly facilitated by the introduction of receptor determi
nations as predictive tests by JENSEN et al. (1971). It is now a well-established fact that the 
presence of specific steroid hormone-binding proteins in target cells is a necessary condi
tion for hormonal action. 
However, cells lacking these receptors do not have any means of recognising the hormonal 
signal. This was confirmed by early clinical data indicating that patients lacking oestrogen re
ceptors do not respond to endocrine treatment (ENGELSMAN et aI., 1973; JENSEN et aI., 1971; 
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Table 6. Objective breast tumour regression accord
ing to the site biopsied for ER assay. (MCGUIRE et 
al., 1974, LEUNG et al., 1974; SINGHAKOWINTA et al., 
1974) 

Site of biopsy ER+ ER-

Soft tissue 9/13 0/9 
Visceral 14/23 2/14 
Bone 2/3 1/3 

Liver 5/12 0/1 

H. Maass and W. Jonat 

Table 7. Receptor status and objective remission in advanced breast cancer 

Receptor Rate of remission Author 

(No.) (%) mean, % 

ER+ > 1000 55-65 60 MCGUIRE et al., 1974a 
ER+ DHTR+ 18 67-75 72 PERSIJN et al., 1975 

TRAMS and MAASS, 1977 
MCGUIRE et al., 1978 

ER+ PR+ 59 (57)-88 80 BLOOM et al., 1977 
ER+ CR+ 53 90 90 ALLEGRA et al., 1978 

MAASS et al., 1972; MCGUIRE et al., 1974). In the meantime it has become widely known 
that the situation in the so-called receptor-positive group (ER +) is less satisfactorily defined. 
The reason for this has often been discussed. In this paper we would like to indicate some 
clinical points. 
The first point entering into the discussion was the discrepancy between the rate ofER + pa
tients and the known remission rates after endocrine treatment without selection. 
The application of more rermed techniques has led to an increasing proportion of ER + 
patients. This led LECLERQ and HEUSON (1977) to assume that all tumours probably have re
ceptor-containing cells and are consequently hormone-sensitive to some degree. This as
sumption might be supported by data shown in Table 5. In our material the percentage ofER + 

patients with general progression of their disease is only 13%. In the rest there is thus some 
kind of hormonal effect, but the number of complete treatment failures is much higher in the 
ER - group. This means a clear distinction by clinical observation. On the basis of HE US ON'S 
hypothesis, a simultaneous combined endocrine and cytotoxic treatment was proposed for 
all cases. A preliminary indication as to the validity of this approach is given by the results of a 
trial performed by the Swiss Group for Clinical Cancer Research, in which no statistical dif
ferences between the two modalities - endocrine plus polychemotherapy and polyche
motherapy alone have so far been demonstrated. 
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At present there is no evidence that combined endocrine and cytotoxic treatment is superior to 
sequential application of the two modalities. As far as we know there are no hard data 
providing information on what kind of sequence might yield the best survival time after 
manifestation of metastases. 
Besides the negative results of trials with unselected patients the proposal of the Brussels 
Group is not convincing, as we know from the data on several hundred patients with no or 
only a low receptor content in their tumour tissue who are not responsive to ablative and addi
tive endocrine treatment. In this context the problem of the too high rate of the ER + patients 
could be solved by quantification of the receptor findings. In our data there is no convincing 
correlation between the quantitative amount of oestrogen receptors and the response rate; we 
have patients with quite high numbers of ER who failed to respond, but nevertheless, the 
group with very low receptor contents did not respond. We therefore support the definition of 
JENSEN, who refers to receptor-poor or receptor-rich tumour specimens rather than ER - and 
ER+ ones. 
Another possible way of achieving better response rates in receptor-rich patients is the 
additional consideration of clinical parameters in selection of the patients. Table 6 shows, as 
expected, that the response rate of patients with ER-containing visceral metastases is low, 
but higher than that in an unselected group of patients. Therefore the poor prognosis of 
patients with visceral, especially liver, metastases is not due solely to the biochemical 
attributes of the tumour cell. 
It has been observed that non-responding ER + patients have a shorter disease-free interval on 
average (JENSEN, 1978; KNIGHT et al., 1977). 
The introduction of clinical parameters must lead to higher response rates. Our data indicate 
that over 75% remissions can be achieved when clinical features and ER status are both used 
in patient selection. 
In the last few years attempts had been made at better characterisation of the tumour by deter
mination of other hormone receptors. The published data on steroid hormone receptors are 
summarised in Table 7. No clinical data are available on determinations of membrane-linked 
protein hormone receptors, especially the prolactin receptor. 
Patients respond much better if more than one receptor is present in the tumour cell. The pro
gesterone receptor is of special interest, because its synthesis and thus its presence is 
dependent on the whole biochemical reaction chain of oestrogen action (HORWITZ et al., 
1975; HORWITZ and MCGUIRE, 1975). Further data will have to show whether the deter
mination of the progesterone receptor alone is sufficient for characterisation of the tu
mour. 
At present attempts are in progress in most laboratories to fmd more biochemical markers. In 
the receptor field early clinical observations indicate that the estimation of the nuclear 
oestrogen receptor shows better results. It is of biological interest that there are human breast 
tumours that have cytoplasmic but no nuclear receptors (FAZEKAS and McFARLANE, 
1978; LAING et al., 1977). 
In conclusion, there is no doubt that receptor determinations together with some mor
phological and clinical parameters provide the best possibility that such a selected group of 
patients will benefit from endocrine treatment modalities. In this group, remission rates at 
least as high as those obtained with polychemotherapeutic regimens can be achieved, with the 
substantial advantages of a better quality of remission with the chance of attaining further re
sponses and reserving polychemotherapy for later use, and of a therapy that is much easier for 
the doctor to handle and is less costly. These last two points are extremely impor
tant. 
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Fig. 2. Treatment of advanced breast cancer. ER, oestrogen receptor; PgR, progesterone receptor 

At the present state of our knowledge we propose the following schematic procedure in the 
treatment of patients with metastatic breast cancer (Fig. 2). This will probably be changed if 
more facts about the predictive value of more receptor data or other biochemical markers be
come available. Patients with oestrogen and progesterone receptors in their tumour can be di
vided into two groups: 

1) Clinically unfavourable cases. These are patients with rapidly growing, poorly differ
entiated tumours, who need a rapid therapy effect. Patients with extensive visceral 
metastases should also be treated by combined chemo- and endocrine therapy as the first 
step. 

2) The remaining receptor-positive, clinically favourable group of patients should be treated 
with endocrine measures alone first, and if this is effective, also in later courses of 
treatment. 
Data on clinical experience with ER + and progesterone receptor-negative (PgR-) cases 
are rare. At the present state of our knowledge combined treatment procedures are 
therefore recommended. Patients lacking both types of receptor are candidates for cyto
toxic polychemotherapy. Ablative endocrine procedures or an additive hormonal therapy 
with side effects are not acceptable in this group. 

In our opinion this is a reasonable and practicable compromise at the moment. In this context 
receptor determination is a necessary step in the process of clinical decision. 
This scheme (Fig. 2) refers to our clinical knowledge. The process of selecting the first 
endocrine measure is not essentially different from the well-known procedure recommended 
in the past. Unless reliable data showing that tamoxifen can be used instead of castration in 
premenopausal women become available, ovariectomy should be the first step. 
In postmenopausal women tamoxifen can probably be given instead of oestrogens in high 
doses. The further treatment phases depend on whether the patients respond or not. Pre- and 
postmenopausal responders can be treated with tamoxifen if the latter have previously been 
treated with oestrogens. Major ablative procedures might be reserved for further 
steps. 
A question that will have to be studied in the near future is the introduction of endocrine mea
sures into adjuvant treatment procedures in primary breast cancer patients, based on receptor 
findings in the primary tumour. 
The present state of the BONADONNA et al. (1978) trial shows that CMF treatment for 1 year 
after radical mastectomy has only been effective in premenopausal women. It is not yet clear 
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whether this effect will prolong survival or means "only" a prolongation of the disease-free in
terval. A similar dependence of the therapeutic effect on the menopausal status was observed 
in the Mayo Clinic Trial (AHMANN et al., 1978). 
It is remarkable that in the group of patients who developed amenorrhoea during treatment 
there was a low but perceptible failure rate. The differences are not yet significant but might 
show a trend. 
The reason for these observations is not clear. An indirect, cytotoxic castration effect may be 
involved, but is probably not the only causal factor. 
Another rroding is of importance in the discussion of adjuvant therapy schedules in breast 
cancer. LIPPMAN et al. (1978) showed that the response to chemotherapeutic treatment in ad
vanced breast cancer is much better in receptor-negative than in receptor-positive patients. 
KING's (1978) and our own data show a similar trend (JONAT and MAAss, 1978). If this is true 
patients with receptors in their primary tumour are not suitable for an adjuvant cytotoxic ther
apy. 
The data from the Milan trial and the Mayo Clinic Trial, and the possibility of selecting pa
tients by receptor determinations, have stimulated discussion on adjuvant endocrine pro
cedures. 
In summary it can be stated that endocrine treatment retains an important role in the 
treatment of breast cancer patients. Better selection of patients by means of receptor 
determinations and the availability of effective compounds with low side effects, such as ta
moxifen, lead to higher remission rates accompanied by an improvement in the quality of life 
for survivors. 
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Introduction 

The systemic treatment available for advanced breast cancer includes chemotherapy and en
docrine therapy. With combination chemotherapy remission can be achieved in 50%-70% of 
cases (CARTER, 1976), while the response rate of endocrine ablative or additive therapy is 
about 30% (HAYWARD, 1970). 
It is now established that response to endocrine therapy is related to the presence of oestrogen 
or progesterone receptors in the tumour tissue. However, even among the receptor-positive 
cases, 30%-50% fail to respond to endocrine therapy (MCGUIRE et aI., 1975, 1977). 
It has recently been shown by LIPPMAN et aI. (1978) that the response rate with chemotherapy 
is significantly higher in oestrogen receptor-negative (ER -) tumours than in receptor-positive 
(ER +) tumours. 
Thus, from a theoretical point of view, it seems rational to combine chemotherapy and 
endocrine therapy. This is a nonselective approach as regards hormone receptor status. 
However, the accuracy of the prediction of response to treatments obtained by receptor 
studies may be further increased and allow better selection of patients for specific ther
apy. 
In this paper we will give a brief summary of the available data on efficacy of endocrine and 
cytotoxic treatments of premenopausal and postmenopausal patients and present the gui
delines for endocrine therapy and cytotoxic chemotherapy used by the Copenhagen Breast 
Cancer Group. 

Advanced Disease in Premenopausal Subjects 

The standard initial treatment of advanced disease in premenopausal patients has for many 
years been ovariectomy, which induces remission in 30% of cases (HAYWARD, 1970). 
During recent years a number of studies have been initiated and published with the aim of ex
amining 
1) whether ovariectomy should be combined with chemotherapy, 
2) whether chemotherapy should be added to ovariectomy initially or later, and 
3) whether chemotherapy given in addition to ovariectomy should be single-drug or multiple

drug therapy. 
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BRUNNER et al. (1977) compared a sequential multiple-drug chemotherapeutic regimen 
(CMFVP) with ovariectomy plus the same chemotherapy. Objective remission (PR + CR) 
was achieved in 74% of the patients treated with the combination, as against 43% of those 
treated with the chemotherapy alone, and median survival in the two groups was 19.9 months 
and 13.2 months, respectively. 
VAN DYKE and FALKSON (1971) reported a longer survival in patients treated with ovari
ectomy plus cyclophosphamide than in patients subjected to ovariectomy alone. These results 
were later confirmed by AHMANN et al. (1977), who also found ovariectomy plus initial 
chemotherapy with cyclophosphamide, 5-fluorouracil, and prednisone to be superior to 
ovariectomy with later chemotherapy in case of progressive disease. 
Multiple-drug chemotherapy has proved to be significantly more active than single-drug 
chemotherapy in postmenopausal women with advanced disease (CANELLOS et aI., 1974; 
LEMKIN and DOLLINGER, 1973; MOURIDSEN, 1977; RUBENS, 1975). In keeping with this, 
ovariectomy plus single-drug chemotherapy with cyclophosphamide has proved to be signifi
cantly less active than ovariectomy plus multiple-drug chemotherapy with CMFCP, as 
regards both response rate and duration of response (MOURIDSEN et aI., in prepara
tion). 
These studies suggest that the treatment of premenopausal women, regardless of their 
hormone receptor status, should take the form of combined endocrine and cytotoxic therapy 
(Table 1). 
However, according to present knowledge, future trials should take into account the hormone 
receptor status of the tumour. Thus a response rate of about 60% has been reported to 
endocrine therapy of advanced disease in patients with ER + tumours, compared with only 
about 10% in ER- tumours. 
For ER + tumours, ovariectomy should still be the initial standard treatment, and the possible 
additional effect of combination with tamoxifen and chemotherapy should be examined 
further (Table 1). 
The overall response rate with tamoxifen in premenopausal subjects seems to be comparable 
to that obtained with ovariectomy (MOURIDSEN et al., 1978). However, few data are av
ailable, and knowledge concerning the relationship between response and hormone receptor 
status is minimal. Future trials should compare rates and duration of responses obtained with 
(1) ovariectomy alone versus ovariectomy plus tamoxifen, and 2) ovariectomy versus tam
oxifen. 
As shown by LIPPMAN et al. (1978), chemotherapy induces a response in only some 10% of 
ER + tumours. However, even with these results in mind it is reasonable to evaluate the effect 
of endocrine therapy combined with chemotherapy in premenopausal patients with hormone 
receptor-positive tumours. 

Table 1. Treatment strategy in premenopausal subjects with advanced breast cancer, based upon ER 
status 

ER status 

Unknown 

Positive 

Negative 

Treatment 

Ovariectomy + combination chemotherapy 

Ovariectomy (+ tamoxifen? + chemotherapy?) 

Combination chemotherapy 
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As regards the receptor-negative tumours, the initial treatment of choice should be com
bination chemotherapy, whereas endocrine treatment should be reserved for cases that are re
sistant to this treatment. 

Advanced Disease in Postmenopausal Subjects 

Endocrine Therapy 

Since the 1940s, endocrine treatment of advanced breast cancer in postmenopausal patients 
has been carried out mainly with oestrogens, gestagens, and androgens. During the last 5 
years anti-oestrogens have been substituted for these additive treatments to an increasing ex
tent. 
Oestrogens are the hormones that have been administered most widely, and they induce re
sponse in up to 30% of the patients treated (Cooperative Breast Cancer Group, 1964; Council 
on Drugs, 1960; HAYWARD, 1970). 
The response rate with different androgens is no higher than 10%-20% (Cooperative Breast 
Cancer Group, 1964; Council on Drugs, 1960; KENNEDY and YARBRO, 1968). The same re
sponse rate has been reported with gestagens (ANSFIELD et al., 1974; GOLDENBERG, 1969; 
MUGGIA et al., 1968; SEGALOFF et al., 1967; STOLL, 1967), but in studies performed in recent 
years response rates of up to 40% have been obtained with very high doses (PANUTTI et al., 
1976). 
Trials with anti-oestrogens were conducted as long ago as the 1960s. In these studies the anti
oestrogens used, clomiphene and nafoxidine, induced response in nearly 30% of patients 
(LEGHA and CARTER, 1976). During the last few years similar results have been obtained with 
tamoxifen, and due to its modest toxicity this is the anti-oestrogenic compound most widely 
used today (MOURIDSEN et aI., 1978). 
Thus it appears that oestrogen and anti-oestrogen are the most effective of the endocrine treat
ment alternatives for postmenopausal women. Furthermore, it is now established that the ef
fect of both treatments is related to the presence of oestrogen receptors in the tumour tissue. 
Thus 50%-70% ofER + tumours will respond to treatment with oestrogen or anti-oestrogen, 
as against less than 10% ofER - tumours (MCGUIRE, 1975). The response rate with both oes
trogen and tamoxifen is highest in patients with soft-tissue disease, and increases with age 
(Cooperative Breast Cancer Group, 1964; Council on Drugs, 1960; MOURIDSEN et al., 
1978). This is to be expected, as the proportion ofER + tumours and the level of ER content in
creases with age (DAEHNFELDT et al., 1978). 
Both therapeutic effect and side effects should be considered in the selection of therapy. Due 
to the apparently lower frequency and milder degree of side effects with tamoxifen (MOURlD
SEN et al., 1978) than with oestrogen (CARTER et al., 1977), we prefer tamoxifen. 

Cytotoxic Chemotherapy 

During the last 5-10 years, single-drug cytotoxic chemotherapy of advanced breast cancer 
has increasingly been superseded by different multiple-drug combinations. These have proved 
superior to single-drug treatment (CANELLOS et al., 1974; LEMKIN and DOLLINGER, 1973, 
MOURIDSEN et al., 1977; RUBENS et al., 1975), inducing response in 40%-70% of cases, 
(BRODER and TORMEY, 1974; CARTER, 1976). As with endocrine therapy, soft-tissue disease 
seems to respond better than disease localised to bone and viscera. Few data are available 
concerning the response-age relationship (BRODER and TORMEY, 1974). The response rate 
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with cyclophosphamide and 5-fluorouracil, seems to decrease with increasing time after the 
menopause. However, when more than 10 years have passed since the menopause, the rate of 
response for cyclophosphamide seems to increase again, and the same is the case with 
adriamycin. The relationship between response to combination chemotherapy and age has 
not been adequately explained. 

Endocrine Therapy or Cytotoxic Chemotherapy 

As appears from the two previous sections, we have endocrine and cytotoxic chemotherapy at 
our disposal for the treatment of postmenopausal subjects with advanced disease. The 
question arises as to which of these treatments should be preferred. In this respect both the ef
ficacy and the side effects of the specific treatments should be considered. 
In general, response rates with endocrine treatment increase with age (Cooperative Breast 
Cancer Group, 1964; Council on Drugs, 1960; MOURIDSEN et al., 1978), but data concerning 
the same relationship with combination chemotherapy are not available. However, side 
effects limit the general application of combination chemotherapy to elderly postmenopausal 
women. Therefore, in un selected groups of patients, we prefer chemotherapy as the first 
treatment for patients under 60-70 years of age, and endocrine therapy for elderly patients 
(Table 2). However, as in the case of premenopausal patients, we believe that future trials 
should take into account the hormone receptor status of the tumour. 
According to the model shown in Table 2, we consider endocrine therapy with tamoxifen to be 
the therapy of choice in advanced ER + tumours. The possible additive effect of combination 
with other endocrine therapy or with chemotherapy should be further studied in that group of 
patients. In receptor-negative tumours the first treatment should be chemotherapy. 

Table 2. Treatment strategy in postmenopausal subjects with advanced disease, based upon ER 
status 

ER status 

Unknown 

Positive 

Negative 

Age 
(years) 

First treatment" ------> PDb--> Second treatment" 

<60-70 C--------------------------------------~.E 

<Responders --------->. E 

> 60-70 E ---------------< 

Nonresponders --------->. C 

E _________ ----« Ro",onoo, ---------->. E 

Nonresponders ---------+. C 

C --------------------->.C 

" C, chemotherapy (alone or in combination with endocrine therapy); E, endocrine therapy (single
drug or multiple-drug or in combination with chemotherapy). 

b PD, progressive disease. 
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Most patients who receive systemic treatment for advanced disease will develop renewed pro
gressive disease. In all age groups, when resistance to chemotherapy is encountered treatment 
with tamoxifen is indicated. This is supported by the observation that previous chemotherapy 
does not seem to interfere with the response to subsequent treatment with tamoxifen (Mou
RIDSEN et al., 1978). 
The choice of treatment for patients resistant to previous treatment with tamoxifen should be 
guided by the previous response. Thus responders to tamoxifen therapy have a significantly 
higher chance of responding to other endocrine therapy than do nonresponders (MOURIDSEN 
et al., 1978). 

Summary 

The numerous trials that have been conducted in advanced breast cancer in premenopausal 
and postmenopausal women have increased the empiric basis for systemic cytotoxic and en
docrine treatment. The treatment results have improved but are still very unsatisfactory, and 
with all the drugs now at our disposal many questions are still unanswered. For instance this 
applies to the optimal composition and scheduling of endocrine treatment, cytotoxic treat
ment, and combinations of these two treatments. 
During recent years the results of experimental studies have expanded our knowledge of the 
biology of breast cancer. Future clinical trials should be designed to test and use this 
information gained from basic research with the aim of improving the rational basis of 
treatment and obtaining better treatment results in advanced breast cancer. 
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The use of hypophysectomy as a palliative measure in metastatic mammary carcinoma is 
well-known. This operation has frequently proved to be outstandingly beneficial, especially in 
the pain due to osseous metastases. Nevertheless the operation is only rarely performed for 
this indication. This is not due to any reluctance on the part ofthe neurosurgical clinics, but to 
the hesitant attitudes of many colleagues, who are insufficiently informed on the benefits of 
this operation. 
The tumour-inhibitory action of hypophysectomy was demonstrated as long ago as the 
nineteen-thirties in animal experiments (BALL and SAMUELS, 1932, 1938; LACASSAGNE, 

1937). LINDER (1948) was able to confirm the favourable effect of oestrogen therapy in 
carcinoma of the female breast in local patient material. He also found that hormone
independent malignant processes were by no means always therapy-resistant. Thus hy
pophysectomy was suggested as a central endocrine operation also suitable for application in 
incurable malignant diseases. Different approaches to the sella turcica are possible: 

1) Through a transfrontal or trans-sphenoidal incision, 
or (with considerably lower risk) 

2) By percutaneous puncture. 

In 1950, K. H. BAUER and E. KLAR (Heidelberg) introduced a devastatingly simple technique, 
freehand percutaneous puncture through the lacrimal bone with an X-ray monitor, using the 
paranasal, transethmoidal, and trans-sphenoidal route. 
Electrocoagulation, initially considered preferable, was replaced in 1955 by the implantation 
of radioactive gold on the suggestion of the radiologists BECKER and SCHEER (1958). 
Radioactive gold was preferred to the pure ,8-emitter yttrium that was formerly used in many 
centres for this purpose, because: 

1) Its predominantly y-ray irradiation means that it has a greater radiation penetra
tion. 

2) Whilst with radioactive gold unilateral implantation is sufficient for extensive destruction 
of the hypophysis in most cases radioactive yttrium had to be deposited at multiple sites, 
which is not easily possible with a single puncture. 

3) The bilateral nasal puncture necessary for the use of radioactive yttrium increases the risk 
of a liquor fistula and meningitis. 
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Fig. 1. Instruments needed for extirpation of the hypophysis by means of radioactive gold 

The simplicity of the operation is well attested by the simplicity of the instrumentation (Fig. 1). 
The mean total activity of about 40 mCi per patient is divided amongst 2-4 gold seeds. A re
view ofthe fate of 558 patients with metastatic mammary carcinoma who underwent ablation 
of the hypophysis with radioactive gold (HENNINGSEN and PIOTROWSKI, 1976) showed that 
objective improvement occurred in 17.4% and subjective improvement in 38% of patients. It 
can therefore be maintained that about 50% of the women derived some advantage from the 
operation. 
The following beneficial effects are to be expected, either single or combined, from ablation of 
the hypophysis: 

1) Reossification of osteolytic metastases, recalcification of the skeletal system, and resultant 
healing of spontaneous fractures. 

2) Elimination of rheumatoid bone pain, not infrequently soon after awakening from 
anaesthesia. 

3) Improvement of general condition with weight gain. 
4) Lifting of the basic attitude to life, with improvement of mood, and a desirable euphoria, 

which alleviates the distress of the last span of life. 
5) Changes in some laboratory findings. 

This economical operation can be performed even in the most severe cases of illness, as shown 
by the case of a 58-year-old woman with skull metastases. The intrasellar gold seeds are re
cognisable on the X-ray plates (Fig. 2a, b). 
There is practically no operative mortality. The incidence of complications is low, liquor fistu
la and meningitis occurring in less than 5% of cases. Diabetes insipidus is not a real 
complication, but an indication for associated removal of the posterior lobe of the hypophysis. 
It soon clears up with no special therapy. There is little question of any late complications, 
because survival is not prolonged. 
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a 

Fig. 2 a, h. Skull X -rays in a 58-year-old woman with metastatic mammary carcinoma. Condition after 
implantation of radioactive gold in the hypophysis. a Anteroposterior view 

The abrupt relief of pain experienced postoperatively in 5 of the 18 cases who underwent im
plantation of radioactive gold in Mannheim remains a puzzle. We imagine that it is related to 
the decrease in oestrogen and to irritation of the neurohypophysis and of the hypothalamus, in 
particular of the nucleus supraopticus, but this remains hypothetical. TINDALL (1977) thinks 
that endogenous brain peptides with an action analogous to that of morphine are present in in
creased amounts after hypophysectomy. 
Radioactive extirpation of the hypophysis is indicated in those patients with mammary 
carcinoma in whom all surgical, radiological, and drug treatments are exhausted, and in 
whom the disease has become incurable. 
The prognosis for successful treatment improve's with advancing age of the patients, with in
creasing duration ofthe disease-free interval between the primary operation and the detection 
of metastases, when there are only a few bone -, and no soft-tissue metastases, and when his
tological examination reveals that the carcinoma is highly differentiated. 
Hypophysectomy is therefore not a sensible procedure in all cases. The words ofK. H. BAUER 
(1953) have direct relevance and special significance in this terrible disease : 
'Often more knowledge and greater responsibility is needed for the surgeon not to operate 
than to operate.' 
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Fig.2b. 
Lateral view 
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Ovariectomy, adrenalectomy, and hypophysectomy are surgical interventions, constituting a 
stress to the patient at least by anaesthesia. This stress must be taken seriously, since normally 
the patients involved have already developed distant metastases and are consequently 
considerably weakened. Up to now, the above-mentioned methods have generally been used 
nonselectively in the treatment of advanced breast cancer, resulting in remission rates of 
about 30%. 
After several years' clinical experience of the anti-oestrogenic agent tamoxifen, it has become 
necessary to evaluate the therapeutic field of ablative therapy against anti-oestrogen thera
py. 
Our own experience, like that of most trialists, has been almost exclusively with post
menopausal patients. It is therefore too soon to discuss whether similar remission rates would 
continue to be achieved if ovariectomy were superseded in its traditional therapeutic function 
by anti-oestrogen therapy, e.g., tamoxifen. 
The situation is rather different when ovariectomy is performed as an adjuvant therapeutic 
measure. This radical intervention has generally been rejected up to now, since without 
suitable tests to assess the hormone dependency of the tumour tissue it was a nonselective ap
proach and the number of patients benefiting from it was too small. 
The advent of hormone receptor assays and the development of anti-oestrogens led to the 
resumption of these investigations. Accordingly, the groups ofMoURIDSEN in Copenhagen 
and MEAKIN in Toronto are conducting prospective randomised trials to examine adjuvant 
tamoxifen therapy in premenopausal patients. 
Adrenalectomy and hypophysectomy are available as methods of ablative therapy for 
patients currently undergoing a natural or a chemical menopause. Implantation of ra
dioisotopes (198Au: BAUER, 1956; or 90y: FORREST, 1956) is probably the least stressful 
method of pituitary ablation. 
Like surgical ablation of the hypophysis, the implantation of radioisotopes must be performed 
in a neurosurgical centre because of the potential risk of such complications as liquor fistula 
and meningitis. Visual disturbances are a particularly dreaded complication and cannot be 
completely avoided after this procedure (the incidence was 1.5% in the Heidelberg study on 
more than 500 patients). 
In the light of the advances achieved in combination chemotherapy, especially since the 
introduction of anti-oestrogen therapy with tamoxifen, we have restricted the use of hy
pophysectomy considerably, performing it specifically in patients who have multiple bone 
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metastases causing severe pain. In these circumstances the therapy is not only promising in 
cases that subsequently show objective tumour remission, but also it often results in subjective 
improvement due to pain relief even in cases of objective treatment failure. 
In our evaluation of the therapeutic field of ablative hormonal therapy of advanced breast 
cancer we have to ask whether there is still a place for adrenalectomy in the treatment of breast 
cancer patients. 
Since the introduction of bilateral adrenalectomy for the treatment of advanced breast cancer 
by HUGGINS and DAO (1952), numerous authors have reported remission rates of around 
30% with this procedure. However, the quality of the remission is affected by the operative 
mortality, which cannot be completely eliminated, and also by the continued corticoid 
substitution required after surgery. 
Portalisation of part of the left adrenal gland, an operation method which was perfected by 
DARGENT and MAYER (1966), did not prove to be a satisfactory solution to the problem of 
corticoid substitution. 
So-called chemical adrenalectomy with aminoglutethimide (SANTEN et aI., 1977) is achieved 
without surgery and thus avoids any operative mortality, but it also requires corticoid 
substitution. 
Many patients have benefited from HUGGINS' splendid idea of eliminating the site of produc
tion of the so-called residual oestrogens. 
The development of anti-oestrogens, however, has opened up a more elegant approach that is 
less stressful for the patient. Of course treatment with tamoxifen does not inhibit adrenal oes
trogen production, but due to its competitive activity at the oestrogen receptor the effects of 
the adrenal oestrogens on tumour growth are considerably inhibited. 
In patients who might formerly have been selected for adrenalectomy on the basis of their 
stage of disease, objective tumour remission rates of about 30% were achieved without prior 
selection by hormonal receptor assays. In our own patients we observed 14 objective tumour 
remissions in a total of 44 postmenopausal patients. 
Tamoxifen and adrenalectomy are similarly effective, but with tamoxifen there is no operative 
mortality or morbidity and no need for continued corticoid substitution. 
Due to the low incidence of side effects following tamoxifen, the quality of remission is 
superior to that obtained with adrenalectomy. This is why we no longer perform adre
nalectomies. 
While our statement on the basis of our own experience can only refer to the traditional thera
peutic indications, the possibilities of adjuvant adrenalectomy should also be mentioned: 
these were presented by DAO (1978). 
DAO reported a probability of survival for patients having undergone adjuvant adrenal
ectomy that was strikingly higher than that for historical controls in the same stage of tumour 
progression but not subjected to adrenalectomy. Admittedly DAO'S report concerned only 17 
patients. The small number of patients and the use of a historical control group may invite se
vere criticism. Nevertheless, particularly in view of the disappointing results achieved with ad
juvant chemotherapy in postmenopausal patients, more attention should be given to adjuvant 
hormonal therapy. 
It follows logically that positive results might be expected from prospective randomised 
studies on adjuvant endocrine therapy with tamoxifen in postmenopausal patients. 
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17. Tamoxifen in Advanced Breast Cancer: Experience of the SAKK 
(Schweizerische Arbeitsgruppe fur Klinische Krebsforschung -
Swiss Cooperative Oncology Groupy 

W. P. Jungi, P. Alberto, and F. Cavalli 

Kantonspital, Medizinische Klinik C, Abteilung fUr Onkologie und Hiimatologie, 
CH-9007 st. Gallen (Switzerland) 

The Swiss Cooperative Oncology Group has had very wide experience of treating patients 
with advanced breast cancer, both with endocrine and with cytotoxic therapy. The Swiss 
Group therefore gratefully accepted the opportunity of testing tamoxifen, as a new and 
promising, nonsteroid hormone-like substance, in a group of patients with metastatic breast 
cancer, most of whom had already received some anticancer treatment. 

SAKK Protocol 2T/7S 

This unrandomised, multi-centre phase II-trial was started in 1975 and terminated early in 
1977. The characteristics of the patients treated are given in Table 1. Of 91 patients who en
tered the trial, 82 were evaluable. None of these patients was still menstruating when 
tamoxifen treatment was started: 36 of the evaluable patients had been premenopausal at the 
time of first diagnosis of breast cancer, and 46 postmenopausal. 
The most frequent sites of metastases were bone and skin. It has to be remembered that many 
of our patients had more than one metastatic site. All patients had measurable or at least 
evaluable tumour parameters. 

1 Participating member institutions of SAKK were: 
Onkologische Abteilung, Medizinische Universitiitsklinik und -Poliklinik, Kantonsspital, Basel (G. 
A. NAGEL, J. P. OBRECHT). 
Onkologische Abteilung, Inselspital, Bern (K. W. BRUNNER, R. W. SONNTAG). 
Division d'Oncologie-Hematologie, Clinique medicale universitaire, Hopital cantonal, Geneve (P. 
ALBERTO, L. WAGENKNECHT). 
Service d'Oncologie, Hopital des Cadolles, Neuchatel (P. SIEGENTHALER). 
Abteilung fUr Onkologie und Hiimatologie, Medizinische Klinik C, Kantonsspital, St. Gallen (H. J. 
SENN, W. F. JUNGI). 
Servizio d'Oncologia, Ospedale San Giovanni, Bellinzona (F. CAVALLI). 
Onkologische Abteilung, Medizinische Universitiitsklinik, Universitiitsspital, Ziirich (G. MARTZ, C. 
SAUTER). 
Onkologische Station, Medizinische Poliklinik, Kantonsspital Winterthur (T. KRONER). 
Onkologische Station, Medizinische Klinik, Kantonsspital Luzern (H. J. SCHMID, F. RIED

LER). 
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Table 1. Characteristics of patients included in SAKK study 2T/75 on 
tamoxifen in advanced breast cancer 

Characteristic 

Entered 
Evaluable 
Menstruating 

No. of patients 

91 
82 

Premenopausal at diagnosis 
Postmenopausal at diagnosis 

o 
36 
46 

Tumour sites: 
(% of evaluable) 

Bone 
Skin 

60 
40 

Lung 27 
Pleura 23 
Lymph nodes 23 
Breast 11 
Liver 10 
CNS 4 

W. P. Jungi et al. 

Of the 82 evaluable patients, 72 had received some form of previous treatment for their 
disease, 6 of them only ablative or additive endocrine therapy and 14 only cytostatic drugs. 
Fifty-two of them had had hormonal and chemotherapy, either in sequence or combined, 
mostly within the actual study ofthe Swiss Group at this time, consisting of oophorectomy for 
the premenopausal or oestrogens for the postmenopausal women, combined with a split 
variation of the well known Cooper regimen. Tamoxifen1 was given in a standard dose of2 x 
10 mg/day p.o. The dose was not increased. The drug was discontinued if severe, life
threatening side effects made this necessary. No oestrogen-receptor (ER) determinations 
were possible at this time in either study. 
Response to treatment and any side effects were evaluated according to established criteria by 
SAKK, specifically by Cancer and Leukemia Group B: 
CR, complete remission: complete disappearance of all visible or palpable tumour for a 
minimum of 3 months. 
PR, partial remission: decrease by at least 50% of the original tumour size (measured along 
two perpendicular diameters if possible) or clear-cut recalcification of osteolytic lesions, both 
for a minimum of 3 months. 
NC, no change: no significant change of the original tumour mass, i.e., less than 50% decrease 
or increase in size. 
PD, progressive disease: more than 50% increase over original tumour size. 

Tumour Responses 

Table 2 shows the responses achieved in this study. There were 21 complete or partial 
responses among the 82 evaluable patients, giving a response rate of 25.5%. Another 17 pa
tients, or 20.5%, exhibited stabilisation of their disease, whereas in 44 patients, or 54%, the 
disease was clearly progressive. When we split these response rates according to menopausal 
status at the time of diagnosis of breast cancer, there is no difference between premenopausal 

1 Tamoxifen was kindly supplied by ICI Switzerland through Mr. STAUBLE. 
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Table 2. Tumour response to tamoxifen in 158 patients with advanced breast 
cancer in SAKK studies 2T/75 and 2/75 

Study 2T/75 2/75 

Evaluable patients 82 76 

CR + PR 21 (25.5%) 18 (23%) 

Mean duration of 8 months 10+ months 
remission 

NC 17 (20.5%) 

2T/75 + 2/75 combined CR + PR 39/158 = 25% 

Table 3. Tumour response by site in SAKK study 2T /75 of tamoxifen in ad
vanced breast cancer 

Site % No. 

Breast 22 2/9 
Lymph nodes 21 4/19 
Skin 21 7/33 
Bone 18 9/49 
Lung 14 3/22 
Liver 12 1/8 
Pleura 5 1/19 
CNS 0 0/3 
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and postmenopausal patients. Patients who had received no previous treatment responded 
somewhat better than patients who had had previous hormonal or chemotherapy. The mean 
duration of remission was 8 months. The two complete responders are still living and 
receiving continuous tamoxifen therapy after almost 3 years. The distribution of tumour 
responses by site is shown in Table 3. The best responses were seen in metastatic lesions in the 
contralateral breast, lymph nodes, and skin, but there were also quick and valuable remissions 
in bone and lung metastases, and even one remission in eight patients with liver metas
tases. 
Two of these good remissions are illustrated in Figs. 1 and 2. In the first patient (Fig. 1) there is 
rapid regression of large metastases in hilar and mediastinal lymph nodes, in the second 
(Fig. 2), a clear-cut recalcification of osteolytic lesions in the pelvis. 

Side Effects 

The side effects recorded are shown in Table 4. The drug was generally very well tolerated and 
had to be discontinued due to unpleasant side effects in very few cases. Nausea and vomiting 
and exacerbation of preexisting congestive heart failure (resulting in death in one case) were 
relatively frequent. There were two deaths due to pulmonary embolism, probably attributable 
to tamoxifen therapy. Four patients exhibited the well-known flaring of bone pain, and there 
was definite radiological evidence for progressive disease in one of them. Reversible hy
percalcaemia was seen in three instances. The other side effects were very rare. In only one 
case could tumour progression be clearly related to tamoxifen administration. 
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a 

c 

SAKK Protocol 2/75 

w. P. Jungi et al. 

b 

Fig. 1. Large hilar and mediastinal lymph 
node metastases of a patient with cancer in 
the right breast, before (a), 1 month (b) and 
4 months (c) after the beginning of oral treat
ment with 20 mg tamoxifen daily 

While the afore-mentioned tamoxifen trial with pretreated patients was in progress, another 
randomised trial was started in previously untreated pre- and postmenopausal patients by 
the Swiss Cooperative Group. The design and overall results of this study are presented on 
page 51 ff. by CAVALLI. Only the results obtained in one half of the postmenopausal patients, 
who were treated with tamoxifen alone at the same dose of 20 mg per day p.o. until 
progression, are discussed in this paper. Study 2/75 is a randomized, on-going study involving 
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a 

Fig. 2. Massive mixed skeleton 
metastases, before (a), 6 
month (b) and 9 months (c) 
after the beginning of oral 
treatment with 20 mg tamox
ifen daily. The "pseudo-osteo
plastic" progression may be 
explained as a recalcification 
of previously undetectable 
osteolytic metastases. Patient 

b 

has completely recovered c 
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Table 4. Toxicity in 82 evaluable patients in SAKK study 2T/75 on tamoxifen 
in advanced breast cancer 

Toxic effect 

Nausea/vomiting 
Cardiac decompensation 
Pulmonary embolism 
Exacerbation of bone pain ("flaring") 
Hypercalcaemia (reversible) 
Elevated serum transaminases 
Hair loss 
Thrombocytopenia 

No. of patients 
affected 

10 
5 (1 fatal) 
4 (2 fatal) 
4 
3 
3 
2 

Table S. Comparison of published results with tamoxifen in advanced breast 
cancer 

Author No. of Remissions 
patients (%) 

VILADIU 31 51 
LERNER 25 48 
MANNI 31 45 
SZEPESI 61 41 
SPONZO 12 41 
NORDENSKJOLD 33 39 
WARD 68 38 
MOSESON 25 36 
GOLDER 30 35 
HENNINGSEN 35 34 
MORGAN 63 33 
FERRAZZI 86 32.5 
KIANG 69 32 
CAVALLI, JUNGI 158 25 
COLE 96 18 

W. P. Jungi et al. 

both pre- and postmenopausal patients. Half the patients first receive endocrine treatment 
alone, chemotherapy being added when progression occurs. The other half receive endocrine 
and cytotoxic treatment from the very beginning. There are 76 evaluable postmenopausal pa
tients who received tamoxifen alone as the first treatment for metastatic breast cancer. Of 
these 76, 18 (23%) responded with complete or partial remissions. There are no patients in the 
no change category, because in these patients combination chemotherapy was added if there 
was no remission after an observation period of 6 weeks. The mean duration of remission is 
somewhat longer in these patients, and is over 10 months. These results combined with those 
of the previous study, 2T/75, are summarised in Table 2. 
The tolerance of tamoxifen in study 2/75 was equally good. Only in 5% of the patients ta
moxifen did have to be discontinued. The side effects were similar in nature and extent. The 
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study is still in progress, so that at present no more data are available. For the results ob
tained with the combination of tamoxifen and chemotherapy, see page 153 of this 
volume. 

Discussion 

In published trials tamoxifen has induced tumour responses in as few as 18% (COLE et aI., 
1971) up to 51 % (VILADIU et aI., 1977) of treated patients (see Table 5). When our results in 
the two trials are compared with those published earlier, they are at the bottom of this list. 
Most of the differences are very probably attributable to widely variable eligibility and 
evaluation criteria. Whereas in the lower part of the list in Table 5 tumour shrinkage of more 
than 50% of the original size had been considered a partial remission, in other studies, e.g., 
that of MANNI et aI. (1976), remission criteria were less strict. It has to be stressed also that the 
three highest remission rates reported (LERNER et aI., 1976; MANNI et aI., 1976; VILADIU et aI., 
1977) were seen in small groups consisting of not more than 31 patients treated in single insti
tutions. However, as far as we know, our studies have comprised the first large multi-centre 
trial so far. Our impression is that the realistic average remission rate achievable with 
tamoxifen alone in postmenopausal breast cancer patients will be between 25% and 30%. Our 
treatment results classified by metastatic tumour site are comparable to those of other reports. 
In agreement with some other authors (LERNER et aI., 1976; MANNI et aI., 1976; SZEPESI and 
CZECH 1978; TORMEY et aI., 1976) but in contrast to others (FERRAZZI et aI., 1977; 
HENNINGSEN and AMBERGER, 1977; MOSESON et aI., 1978), valuable responses have even 
been achieved in bone metastases. We confirmed the sometimes excellent response of lung 
metastases to tamoxifen. 
The side effects oftamoxifen observed within our two trials are also very similar to those re
ported previously. There are some differences, however; there are very few cases of hot 
flushes and undoubted tumour stimulation by the drug in our group. On the other hand, pul
monary embolism and reversible hypercalcaemia seem to be more common in Switzerland. 
This may reflect climatic differences and special interest in these conditions among our 
investigators, all of whom are medical oncologists. The standard daily dose of 20 mg 
tamoxifen was chosen arbitrarily with reference to the results reported and the recom
mendations of the manufacturer. As there was no possibility ofincreasing the dose, we cannot 
tell whether higher doses would have yielded higher remission rates, especially in patients who 
did not respond to the standard dose or whose response was inadequate. In any case, the daily 
dose of 20 mg tamoxifen was extremely well tolerated by the great majority of our pa
tients. 
At this time it is not possible to postulate the superiority of tamoxifen over traditional additive 
endocrine treatment with oestrogens in remission induction in postmenopausal breast cancer 
patients. There is an almost complete paucity of comparative trials, with one notable 
exception (ROBERTS et aI., 1976). The great advantage oftamoxifen over oestrogens lies in the 
acceptance ofthe drug by the patients. As oestrogens are sometimes so badly tolerated and ta
moxifen is so well accepted, we now give tamoxifen as the first endocrine treatment in 
postmenopausal patients with metastatic breast cancer. Our studies do not allow any 
statement on the value of tamoxifen in premenopausal patients or the response to other 
hormones following tamoxifen failure. 
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18. Therapeutic Effect of Tamoxifen Related 
to Estrogen Receptor Level 
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and H. T. Mouridsen1 

The Fibiger Laboratory, Ndr. Frihavnsgade 70, DK-2100 Copenhagen 10 (Denmark) 

Introduction 

The antioestrogen tamoxifen (TAM) has been shown to be an effective compound in the endo
crine therapy of postmenopausal patients with advanced breast cancer. The overall remission 
rate observed has been found to be 35%-45% in several studies, depending on whether 
patients have previously received endocrine therapy (KIANG and KENNEDY, 1977; Mou
RIDSEN, et al., 1978; MOSESON, et al., 1978). This value compares well with that found with 
other modes of endocrine therapy. A definite advantage ofT AM treatment over other forms 
of endocrine therapy is that side effects are very few and are mild in character (MOURIDSEN et 
al., 1978). 
The predictive value of cytoplasmic oestrogen receptor (ER) detenninations for endocrine 
therapy has been recognised since 1971 (JENSEN et al., 1971). Clinical trials have now 
revealed that only 10% of patients with an ER -negative (ER -) tumour respond to endocrine 
therapy, whether in the form of additive or ablative therapy, while about 60% ofER-positive 
(ER+) patients respond to endocrine therapy (JENSEN et al., 1975; MCGUIRE et aI., 1975). 
Thus, while ER determinations are valuable in predicting which patients will not respond to 
endocrine therapy, they give, as yet, only equivocal evidence as to which patients will respond 
to endocrine therapy. 
Several previous attempts have been made to investigate whether the predictability of an ef
fect of hormone therapy is increased if the quantity of ERs is considered, rather than merely 
the presence or absence of them. On the basis of results in 123 pre- and postmenopausal pa
tients, JENSEN (1975) concluded that response to endocrine therapy of all kinds is most 
frequent in the patients with the highest ER values. Although they did not distinguish between 
pre- and postmenopausal women, both MCGUIRE et al. (1975) and MAASS et al. (1975) 
found a similar tendency in 45 and 69 patients, respectively, treated with a variety of 
endocrine treatments. HEUSON et al. (1977) found a positive correlation between the rate 
of remission and the ER concentration in the tumor biopsies in a study of 34 patients. On 
the basis of their data they have established a linear logistic model that may be able to predict 
the probability of response to endocrine treatment in a given patient; this model is based 
mainly on the ER value of the biopsy. 

1 Workers at the Fibiger Laboratory were sponsored by the Danish Cancer Society. 
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In this study of 59 postmenopausal patients with metastatic breast cancer, we investigated 
whether the therapeutic effect of TAM and/or TAM + medroxyprogesterone acetate (MPA) 
was related to the patients ER levels. 

Materials and Methods 

The following studies are discussed in this paper: Study I, in which TAM alone was given; 
Study II, testing TAM against TAM + MP A; and Study III, testing TAM against 
TAM + diethylstilboestrol (DES). 
Study I involved a consecutive series of patients admitted to Departments R II-R V, Finsen 
Institute, between 1 February 1976 and 1 August 1976. 
Study II involved a consecutive series of patients admitted to Departments R II - R V, Finsen 
Institute; Department of Oncology, Malmo General Hospital; and Medical Department C, 
Bispebjerg Hospital, between 1 August 1976 and 1 August 1977. 
Study III involved a consecutive series of patients admitted to Departments R II-R V, 
Finsen Institute; and Medical Department C, Bispebjerg Hospital, between 1 September 
1977 and 1 August 1978. 
The present material represents a subset of patients from clinical trials designed with the main 
purpose of comparing the effect ofT AM with that of combined treatment with TAM + MPA 
or TAM + DES (MoURIDSEN et aI., 1979). Data from a small number of patients in a phase II 
study are included. 
Eligibility requirements for the present study were: 

1) Prior to therapy, biopsies from histologically verified tumour tissue must had been taken 
for analysis for cytoplasmic ER protein. 

2) The patients were postmenopausal, defined as having had at least 6 months' spontaneous 
amenorrhoea. Patients who had previously undergone hysterectomy were more than 50 
years of age. Patients who had previously undergone oophorectomy could enter the study 
3 months after surgical or 6 months after actinic castration. 

3) Patients less than 68 years of age were clinically resistant to at least one cytostatic 
combination regimen. Patients more than 69 years of age could enter the study even when 
cytostatic treatment had not been attempted. 

4) Measurable disease was present. 
5) The performance status was::; 3. 
6) Previous additive endocrine treatment had not been given. 
7) The patients had given their verbal informed consent. 

Study I was a phase II study and the treatment given was TAM 10 mg three times daily 
p.o. 
In Studies II and III patients were randomly allocated (with the aid of a stochastic array of 
numbers, closed envelope system) to one of two treatment groups. 
Study II patients received treatment with 10 mg tamoxifen three times daily p.o. or treatment 
with 10 mg tamoxifen three times daily p.o. and 100 mg MP A daily p.o. 
Study III patients received treatment with 10 mg tamoxifen three times daily p.o. or treatment 
with 10 mg tamoxifen three times daily p.o. and 1 mg DES three times daily p.o. 
When possible, the treatment was maintained for at least 3 months before the response to 
treatment was assessed. If at 3 months there was still progressive disease the patient was with-
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drawn from the study. If at 3 months there was no change or a remission, the patient 
continued with the study until progression or relapse. 
Pretreatment examinations included physical examination, chest roentgenogram, skeleton 
survey, laboratory tests (blood cell counts, serum calcium and liver function tests), and 
estimations of performance status. All visible and palpable lesions were measured to provide a 
baseline for subsequent examinations, which were performed at intervals of 
1-3 months. 
Response to treatment was defined according to the VICC criteria (HAYWARD et al., 
1977): 
Complete remission (CR), complete disappearance of all measurable lesions. 
Partial remission (PR), 50%-99% reduction of measurable lesions and/or recalcification of 
bone lesions. 
No change (N C), < 50% reduction of measurable lesions and/or no visible changes of bone le
sions. 
Progressive disease (PO), 50% increase of measurable lesions and/or definite decalcification 
of bone lesions. 
The duration of response was dated from the start of therapy up to PD. 

Oestrogen Receptor Determinations 

The biopsies taken for ER analyses were obtained less than 1 month prior to therapy in 45 pa
tients, between 1 and 6 months before in ten patients, and more than 6 months before in four 
patients. 
In two patients the tumour material was taken from the primary tumours and in 57 patients 
from either skin or lymph node metastases. 
Biopsies were stored at -800 C until analysis. Cytoplasmic ER concentrations in the tumour 
specimens were evaluated by measuring [2, 4, 6, 7-3Hl oestradiol (AMERSHAM), 3H-oes
tradiol 17 f3-binding capacity by a dextran-coated charcoal method (DAEHNFELDT and 
BRIAND, 1977). 

Statistical Analysis 

The data were statistically analysed according to the Mann-Whitney rank sum test for 
unpaired data. 

Results 

The number of evaluable patients entering Studies I, II, and III were 7, 38, and 29, re
spectively. 
The criteria for eligibility and response were the same in all three clinical trials. When the re
sults were stratified according to age, disease-free interval, dominant disease site, and 
previous chemotherapy, no significant differences were found. For this reason we found it ra
tional to pool data from all the patients receiving TAM. 
The group of patients treated with TAM + DES was too small to evaluate the response and 
the ER content. As shown in Table 1, the patients treated with TAM + MPA were compara
ble to those treated with TAM alone in the above-mentioned parameters. Thus a total of 59 
patients were evaluated. 



Therapeutic Effect of Tamoxifen Related to Estrogen Receptor Level 

Table 1. Patients involved in the study 

Patients (no.) 

Age in years, median (range) 

Disease-free interval in 
months, median (range) 

Previous chemotherapy 

Dominant disease site 
Soft tissue 
Bone 
Viscera 

ER+a, no./total 
ER-, no./total 

a ER+, 2:: 20 fmol/mg cytosol protein. 

Fig. 1. ER concentration and clinical 
response to TAM treatment. ER val
ues are plotted in the four response 
groups CR (complete remission), PR 
(partial remission), NC (no change), 
PD (progression of disease). Respond
ers are CR + PR and nonresponders 
are NC + PD 

TAM 

40 

57 (44-74) 

30 (0-96) 

85% 
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15 

21/40 
19/40 
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TAM+MPA 

19 

60 (53-75) 

30 (0-96) 

84% 
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ER+ and ER- patients are equally represented in this patient material (29/59 ER+ and 
30/59 ER-). The individual ER values for all patients are plotted in Figs. 1 and 2 and are 
grouped according to whether the patients experienced CR, PR, NC, or PD with the TAM or 
TAM + MPA treatment,respectively. It can be seen from Fig. 1 that 48% (10/21) oftheER+ 
patients treated with TAM alone responded to treatment(CR + PR). Only 11% (2/19) of the 
ER - patients responded to therapy. The ER values of the responding patients (mean 171; 
range < 10-576 fmol cytosol/mgprotein) are significantly higher (P < 0.01) than the ER val
ues of patients who failed to respond to treatment with TAM (NC + PD); (mean <10; range 
< 10-303 fmol/mg cytosol protein). In contrast, there was no significant difference (P < 0.1) 
between the ER values of responders (mean 86; range < 10-757) and nonresponders (mean 
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Fig. 2. ER concentration and clinical re
sponse to TAM plus MP A treatment. 
ER values are plotted in the four re
sponse groups CR (complete remission), 
PR (partial remission), NC (no change), 
PD (progression of disease). Responders 
are CR + PR and nonresponders are 
NC + PD 

Fig. 3. ER concentration and duration 
of remission with TAM treatment. 
0, patients still in remission; 
e, time of onset of progressive disease 

< 10; range < 10-175) when MP A was added to the TAM therapy (Fig. 2). The loss of 
significant difference is not likely to be due solely to the smaller number of patients in this par
ticular trial. Comparison of the ER values of responders and nonresponders treated with 
TAM alone in Study II (19 patients) also revealed a significant difference (P < 0.05). It 
appears, therefore, that while there is a correlation between the presence of a high ER 
concentration in the tumour biopsy and response to treatment with TAM alone, the cor
relation is lost when TAM is used in combination with MP A. 
There is no significant correlation between the ER concentration and the duration of 
remission (r = +0.13) either with TAM therapy (Fig. 3) or in the smaller group treated with 
TAM + MP A (figure not shown). 
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No notable differences between responders and nonresponders were found with respect to 
age, location of dominant site of disease, or previous therapy (no prior treatment, radiation, 
ablation, chemotherapy). 

Discussion 

In this un selected population of postmenopausal patients with metastatic breast cancer the 
overall response rate to TAM treatment is 30% (12/40). This is in keeping with many earlier 
reports of response rates to all forms of endocrine therapy, and indicates that treatment with 
TAM equals other forms of endocrine therapy in terms of response rate. 
A significant difference in ER concentrations between responders and nonresponders to 
TAM therapy has been demonstrated in these studies. This difference is still significant even 
when all ER- patients are excluded from the statistical analysis. 
Although the response rate to TAM + MP A was as good as that to TAM alone, there was no 
significant difference in ER concentrations between the responders and nonresponders in the 
group receiving TAM + MP A. Perhaps this is due to pharmacodynamic interactions between 
the two drugs at the receptor level. 
No significant correlation was found between the ER concentration and the duration of 
remission in the present data. This finding is in contrast to that reported by MOSESON et ai. 
(1978), who demonstrated a positive correlation between ER concentration and duration of 
remission in nine patients treated with anti-oestrogen therapy. 
Attempts have been made to improve the predictive value ofER determination by setting ra
tional rather than arbitrary limits for ER+ and ER- values. Thus JENSEN et ai. (1975) found 
that when the critical level below which a patient is considered to be ER - was raised, the re
sponse rate ofER+ patients increased from 57% to 74%, with only a slight increase in the 
number of negatives. Two other approaches have been based on examination of the character 
of the ER in the target tissues. Both the 4-5 S and the 8-9 S forms ofERs are found in some 
biopsies. SAVLOV et ai. (1977) have presented data suggesting an association between 
presence of 8-9 S ER and response to endocrine therapy. LAING et ai. (1977) investigated 
whether the ER was found in the nucleus as well as in the cytoplasm, and found that when re
ceptors were found in both cell fractions the response rate was higher than when only 
cytoplasmic receptors were found. Finally, evidence has been presented that estimation of a 
parameter indicative of a functioning ER, namely the progesterone receptor, would allow 
more accurate prediction of response to endocrine therapy (HORWITZ and MCGUIRE, 1977). 
The accuracy of prediction of response to endocrine therapy could also conceivably be 
increased by correlating the ER determination to endocrine therapy that is strictly related to 
the oestrogen hormone itself, e.g., ovariectomy, high-dose oestrogen, or anti-oestrogen 
therapy. In the present study we have investigated whether ER values are correlated to re
sponse to treatment with TAM. The response rate ofER + patients is 48% (10/21). This value 
is reached with the arbitrary value of 20 fmol/mg cytosol protein; this is currently being used 
in our laboratory as the cut-off value between an ER+ and an ER- sample. Examination of 
the data reveals that if the cut-off level is raised to 75 fmol/mg cytosol protein, the predictive 
value of the ER determination is increased to 60% (9/15), at the cost of one additional false
negative patient. None of these response rates differs significantly from those previously 
reported for ER + patients to TAM (MORGAN et aI., 1976; MOSESON et aI., 1978) or to various 
other modes of endocrine therapy (MCGUIRE et al., 1975; JENSEN et aI., 1975). 
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One possible explanation for the lack of response to endocrine therapy in a large proportion of 
ER + patients may be that the tumours contain hormone-independent as well as hormone-de
pendent cells. This appears to be the case in at least some experimental animal tumours 
(SLUYSER and V AN NIB, 1974). Immunofluorescent studies ofER content in human mamma
ry cancer biopsies also indicate that this is the case in human mammary carcinomas 
(PERTSCHUK, 1976; NENCI et aI., 1976). 
Evidence has been presented by LIPPMAN et al. (1978) that there is a very close correlation be
tween absence of ER receptors and response to chemotherapy. With both this and the 
possible heterogeneous nature of the tumour in mind, it may be prudent to combine chemo
therapy with endocrine therapy. 
Attempts have previously been made to combine various types of additive endocrine therapy. 
In two studies in which TAM was used in combination with antiprolactin or androgens, these 
combined therapies were shown to give slightly better results than treatment with TAM alone 
(WARD, 1977; TORMEY et al., 1976). 
In our own studies (MOURIDSEN et al., 1979) in which TAM was used in combination with 
MPA or DES, no additive effect of treatment was observed. It therefore seems that to achieve 
an increased effect with combined endocrine therapies, endocrine treatments with different 
modes of action must be selected. 

Summary 

Cytoplasmic oestrogen receptor (ER) determinations were performed in 59 postmenopausal 
patients with metastatic breast cancer. Fifty percent of the patients were found to be ER +. 
Forty patients were treated with tamoxifen (TAM) and 19 patients were treated with 
tamoxifen plus medroxyprogesterone acetate (MPA). 
The response rate of TAM-treated patients was 30% (12/40). Of the 21 ER+ patients, ten 
(48%) responded to therapy. The ER values of these patients were significantly higher than 
the ER values ofnonresponders (P < 0.01). No correlation could be found between the ER 
value and the duration of remission in TAM-treated patients. 
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Oestrogens have been shown to accelerate the growth of some human breast cancers. This ef
fect may be due to a direct hormonal action on the tumour cell, since oestrogen receptors have 
been found in a high percentage of these cancers (MCGUIRE et aI., 1975). An ablative 
hormone therapy, as demonstrated by the beneficial effect of oophorectomy (KENNEDY, 
1974), might lower the circulating oestrogen levels in the patient, but does not totally abolish 
oestrogen secretion. Nonsteroidal anti-oestrogens such als tamoxifen have been introduced, 
and may act by competitive binding to the oestrogen receptors on the target tissue (COLE et 
aI., 1971). Recent clinical trials ofanti-oestrogens have shown that objective remissions can 
be induced in women with advanced metastatic breast cancer (WARD, 1973; KIANG and 
KENNEDY, 1977). 
In this paper we summarize our experience with tamoxifen in a series of women with stage IV 
breast cancer at the West German Tumour Centre, Essen, correlating its effectiveness with 
previous hormonal procedures. 

Materials and Methods 

In all, 104 patients were treated with tamoxifen from July 1975 to August 1978. Twenty had 
an inadequate trial period of less than 2 months, five suffered from severe nausea and 
vomiting, and fifteen patients died within the first month of tamoxifen therapy, leaving only 
84 evaluable cases. The majority of our patients had received hormone therapy previously 
and all were postmenopausal, 44 of them because of previous castration. The daily tamoxifen 
dosage was 30 mg in 67, and 20 mg in 17 patients. To determine oestrone, oestradiol, 
and prolactin levels, sera were assayed by radioimmuno-assay methods up to 12 weeks 
after the start of tamoxifen therapy. 

Results 

Thirty-six patients responded (complete remission 16/84 = 19,0%, partial remission 20/84 = 
23.8%), with a mean duration of remission of 9.2 months (Table 1). Skin and nodallesions im
proved with tamoxifen in 30% of cases, pleural and liver metastases in 39%, and bone lesions 
in 15.4% (Table 2). One notable group of patients showed long-lasting stable conditions with 
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Table 1. Response to tamoxifen in 84 patients with advanced breast cancer 

Response Patients Duration of response 

Complete regression 16/84 = 19.0% } 9.2 months 
Partial regression 20/84 = 23.8% 

Stable disease 17/84 = 20.0% 

Progressive disease 31/84 = 36.9% 

Table 2. Response to tamoxifen according to site of metastases 

Site No. Responds (%) 

Locoregional 45 18/45 = 40.0 

Visceral <::: pleuropulmonary 38 
41 16/41 = 39.0 hepatic 3 

Bone 39 1/39 = 15.4 

Table 3. Patients with no objective change, accompanied by SUbjective improvement of symptoms 
during tamoxifen therapy 

Patient Type of metastases Duration of "no change" 
no. condition (months) 

5 Bone 5 
14 Bone 13 
32 Bone 7 
44 Bone + locoregional 11 
45 Bone + locoregional 17 
48 Bone 19 
49 Bone 14 
53 Bone 4+ 
56 Bone 3+ 
64 Pleuropulmonary 13+ 
66 Bone + locoregional 25+ 
68 Bone 4+ 
71 Bone 5+ 
73 Bone 9+ 
74 Pulmonary 5+ 
76 Bone 4+ 
78 Bone 3+ 
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subjective improvement of their symptoms. The majority of these patients had generalized 
bone metastases (Tables 1 and 3). 

Correlation with History of Hormonal Response 

Sixteen of 36 patients who showed improvement had responded to previous ablative or 
additive hormonal treatment. In eight patients the anti-oestrogen therapy was the first 
hormonal therapy to lead to a remission. Five patients with objective remissions had failed to 
respond to previous castration. 

Side Effects 

In 9.5% of the patients there were no remarkable complications during therapy. We observed 
initial nausea and vomiting in 8.3%, genital pruritus in 6.0%, and ichthyosis in 4.8% of our pa
tients. Transient thrombocytopenia (1.2%) and cardiovascular side effects (1.2%) were 
observed occasionally (Table 4). 

Discussion 

Tamoxifen is an amino-ether derivative of polycyclic phenols, with a basic structure close to 
that of diethylstilboestrol. The anti-oestrogenic effect of this compound might be due to its 
competition with oestradiol at the cytoplasmic receptor sites (JORDAN, 1974). The fate ofthe 
oestrogen receptor complex after translocation into the nuclei is still not known. However, 
other anti-oestrogens, such as nafoxidine, have been shown to remain in the nucleus for a long 
time and to interfere with the regeneration of oestrogen receptors. 

Table 4. Side effects and complications in 84 patients with advanced breast cancer 
during tamoxifen therapy 

Side effect/complication 

Ichthyosis 
Pruritus of genital tract 
Initial nausea, vomiting 
Persistent vomiting 
Hot flushes 
Hypercalcaemia syndrome (bone met.) 
Transient thrombocytopenia 
Persistent thrombocytopenia 
Leucopenia 
Cardiovascular complications 

Totals 

Affected 

No. % 

4/84 = 4.8 
5/84 = 6.0 
7/84 = 8.3 
1/84 = 1.2 
8/84 = 9.5 
1/84 = 1.2 
1/84 = 1.2 
1/84 = 1.2 
1/84 = 1.2 
1/84 = 1.2 

29/84 = 34.5 
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The results summerised in this paper are comparable with results from other centres (KIANG 

and KENNEDY, 1977; WARD, 1973; COLE et ai., 1971). 
The side effects oftamoxifen are less severe than those of other additive hormonal therapies. 
Most side effects were related to "oestrogen depletion" due to the basic pharmacological ac
tion; for instance, when tamoxifen occupied the oestrogen receptor sites and blocked the peri
pheral function of oestrogens, postmenopausal symptoms occurred in some patients. The 
most worrying side effect was the development of an acute cardiovascular complication in 
one patient who had previously received polyvalent chemotherapy. 
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Introduction 

In recent years, important results have been obtained with tamoxifen (TAM) in the treatment 
of relapsing mammary carcinoma (HENNINGSEN and AMBERGER, 1977; HANNI et aI., 1976). 
This compound appears to be particularly effective when hormone-sensitive tumours can be 
selected by hormone receptor determination (TERENIUS, 1974) and when the therapy is 
reserved for postmenopausal patients, although isolated positive results have also been 
reported in menstruating women (MANNI et aI., 1976). 
This paper presents the results of a controlled study of the use of anti-oestrogens in advanced 
mammary carcinoma. 

Patients and Methods 

So far 62 patients have been treated with the anti-oestrogen TAM and in 44 it is possible to 
evaluate the treatment results to date. 
Patients were admitted to the study if their lesions were verified histologically or could be 
clearly defined radiologically as metastases. The course of the disease was documented 
photographically, by means of X-rays, and by measurements. In 17 of 44 evaluable cases oes
trogen receptors (ER) content was determined by the method ofW AGNER (1972), in addition 
to histological examination of the tumour tissue. A result was taken to be positive when more 
than 15 fmol receptor protein/mg cytosol protein was present. 
Of the 44 patients, more than 5 years had passed since the last menstrual period in 37, whilst in 
the remaining seven the last menstrual period was less than 5 years before. 
The daily dose ofT AM was 3 x 10 mg. The patients were examined every 2-3 weeks during 
the first 3 months of therapy, and thereafter every 2 months. In addition to a thorough clinical 
examination, appropriate other examinations (X-ray, conventional laboratory diagnostic 
tests) were carried out. 
The results were evaluated according to the rules of the British Breast Group (HA YW ARD et 
aI., 1977). 

Results 

Of the 44 patients evaluated, 24 showed remission, whilst in 20 progression of the lesions was 
recorded. The remission group included 11 patients with a local recurrence and 13 with 
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Table 1. Results of treatment with TAM in breast cancer patients with local 
recurrences or metastases (n = 44) 

Remission (partial) 

Progression 

Local recurrence 

11 

3 

14 

Metastases 

13 

17 

30 

Table 2. Effects of TAM treatment on metastases (n = 30) 

Site of metastases Remission Progression 

Soft tissue 3 4 
Bone 7 10 
Generalised 3 3 

13 17 

Table 3. Results of TAM treatment classified by ER status (n = 17) 

Remission (partial) 

Progression 

ER+ 

9 

3 

12 

ER-

4 

5 

147 

metastases, whilst three patients with local recurrences and 17 with metastases were found 
among those with progression (Table 1). The duration of remission in 11 patients varied be
tween 2 and 14 months. 
In the presence of distant metastases (Table 2), there was no clear difference in the results of 
treatment with TAM. However, the objective response rate of bone metastases seems to be 
considerably lower than that of soft tissue metastases, although during the treatment with 
TAM women with bone metastases showed clear signs of alleviation of pain, combined with 
improvement in the psychological condition. 
Oestrogen receptor determinations were performed in the tumour tissue of 17 patients 
(Table 3). Twelve women were classified as receptor-positive (ER +) and five as receptor
negative (ER -). Of the ER + cases, nine showed remission and three progression, whilst in 
the ER - cases there was a remission in one case and progression in four cases. 

Discussion 

With a total remission rate of 54%, our results are among the most favourable in the data so 
far published (HENNINGSEN and AMBERGER, 1977). 
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If, however, the results of the ER determinations are taken into account in the therapeutic regi
men, this remission rate can be increased further for the selected cases. In our small sample of 
cases, nine of 12 ER + cases showed remissions, corresponding to a percentage of 
75%. 
Thus hormonal therapy with anti-oestrogens provides a real alternative to polychemotherapy 
for ER + postmenopausal patients. In addition, it should be mentioned here that in our case 
material none of the known side effects, which in the literature are slight compared with those 
seen with chemotherapy, were experienced with TAM. 
Furthermore, it should be noted that in premenopausal patients ovariectomy should be the 
first therapeutic step in metastatic ER + carcinoma, although even menstruating patients 
showed a favourable response to TAM. 

Summary 

The results of a study with tamoxifen (TAM) (10 mg three times daily) in advanced breast 
cancer are reported. Of 44 patients, 24 showed a remission and 20 a progression. Of the 17 pa
tients in whom an oestrogen receptor (ER) determination in tumour tissue had been carried 
out, 12 were receptor-positive (ER+) and five receptor-negative (ER-). 
Nine of the 12 ER+ cases (75%) responded to the treatment with TAM. Of the five ER- pa
tients, one showed remission and four progression. 
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Several publications on tamoxifen therapy in advanced breast cancer have reported a "flare" 
in the tumour SOOn after the onset of therapy. Although it is said to occur in about 10% of 
cases, it leads to withdrawal of patients from tamoxifen therapy in less than 0.5% of treated 
patients (PATTERSON and BAUM, 1978). In this brief presentation, I would like to consider 
three questions: What is this flare? What does it indicate? Is it safe to continue tamoxifen 
therapy when it occurs? 
The term "flare" has been applied to three different manifestations occurring SOOn after the 
onset oftamoxifen therapy in breast cancer. The first is an increase in pain, swelling, or erythe
ma in soft tissue deposits of breast cancer; the second is an increase in pain associated with 
bone metastases; the third is the onset of hypercalcaemia soon after the start of therapy. A 
flare usually appears between 1 and 3 weeks after the start of treatment, but in one report of a 
patient who had three separate flares following attempts at tamoxifen therapy, they seemed to 
appear after increasingly short intervals (McINTOSH and THYNNE, 1977). 
Does a flare indicate acceleration of growth? JORDAN (1976) has reported that when 
tamoxifen is administered to rats with DMBA-induced mammary cancer, it may show no ef
fect On tumour growth, it may cause immediate regression of the tumour, or there may be a 
period of continuing growth before regression appears. Similarly, in the case of the human tu
mour regressing after tamoxifen therapy, NORDENSKJOLD (1975) has shown that the tumour 
diameter may start to decrease immediately or it may continue to increase at its normal rate 
before starting to decrease. 
Even more significant, TORMEY has recorded serial measurements of tumour area in lesions 
that showed a so-called flare after tamoxifen therapy. He showed that although some ofthe tu
mours continued to grow at the same rate after tamoxifen therapy was started none showed a 
faster clinical growth rate than before therapy (TORMEY et al., 1976) 
It therefore appears that a soft tissue flare has nothing to do with stimulation of tumour 
growth. 
Does a flare predict the likelihood of tumour regression later? According to MORGAN, lesions 
with a positive oestrogen receptor assay (ER + lesions) tend to show a delayed increase in ery
thema and oedema before showing tumour regression (MORGAN et al., i 97 6). TORMEY has re
ported that of patients showing flares in soft tissue lesions or bone pain, the continuation of 
treatment led to subsequent tumour regression in about half (TORMEY et al., 1976). 
The onset of hypercalcaemia during the course of breast cancer is thought to reflect excessive 
calcium mobilisation associated with lytic bone metastases. Many would regard hyper-
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calcaemia as evidence of tumour stimulation when it occurs within 1 or 2 weeks of the onset of 
tamoxifen therapy. Yet there is evidence that the tumour may regress subsequently on 
tamoxifen therapy. The majority of hypercalcaemia cases occur when the tumour is ER + 

(VELDHUJS, 1978), and the hypercalcaemia often disappears despite continuation of the 
treatment (HENNINGSEN and AMBERGER, 1977). It may be followed by recalcification of 
bone metastases (ENGELS MAN, 1978). POWLES (1977) has suggested that the appearance of 
bone pain in association with hypercalcaemia may possibly be related to prostaglandin 
release. This may apply to the soft tissue flare also. 
MINTON has reported a patient in whom hypercalcaemia followed tamoxifen therapy but later 
subsided on prednisolone therapy (MINTON et al., 1978). I myself have reported a patient who 
developed a soft tissue flare within 2 weeks of starting tamoxifen therapy, yet nevertheless per
sisted with treatment. Within only 4 weeks, she was rewarded by almost complete regression 
of her skin metastases (STOLL, 1975). 
To sum up, therefore, a flare in soft tissue lesions or in bone pain following tamoxifen therapy 
is thought to indicate a local reaction to the tumour. There is no evidence that it reflects can ac
celeration of tumour growth, although the pre-existing growth may continue for several weeks 
before regression becomes manifest. The onset of hypercalcaemia is often a hormone
precipitated condition. It appears safe to continue tamoxifen therapy in the presence of a flare 
or of hypercalcaemia, although corticosteroids may be added for a few weeks to control the 
symptoms. Finally, it appears that the flare phenomenon tends to be followed by tumour re
gression in the majority of cases. 
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Introduction 

It is undisputed that in the majority of patients the course of the disease of mammary 
carcinoma in the metastasising stage has been decisively influenced through the results of 
modern cytostatic combination therapy (BRUNNER u. MARTZ, 1976; FEY, 1978). 
Our current protocol (SAKK 2/7 5) is designed to determine whether it is better to combine 
primary polychemotherapy with a hormonal treatment, or whether cytostatic therapy should 
be introduced alone when the failure of hormonal therapy is certain. At the same time, three 
different polychemotherapeutic regimes (a "mild", a "standard", and a "maximal" cytostatic 
treatment) are compared with one another. 
This paper gives the preliminary results of these as yet incomplete studies. 

Patients and Methods 

Between 1 September 1975 and 15 February 1978 (time of the last clinical assessment), 258 
patients were admitted to the study (Protocol SAKK 2/75). 
Sixty patients were considered to be premenopausal and 192 postmenopausal. On the basis of 
the localisation of metastases and the interval between mastectomy and the establishment of 
metastases, the patients were classified into a "low-risk" group of 66 patients and a "high
risk" group of 192 cases. None of the patients had received cytostatic or hormone treatment. 
The therapeutic plan is summarised in Fig. 1; after stratification, the patients were ran
domised into two groups, A and B. 
In Group A the patients received polychemotherapy combined with hormone treatment from 
the outset. The hormone treatment given consisted of ovariectomy for premenopausal 
patients, and 20 mg tamoxifen (TAM) daily p.o. for postmenopausal patients (CAV ALL! et aI., 
1978). In Group B, on the other hand, only the appropriate hormone therapy was carried out 
at first. The polychemotherapy was not begun until 6 weeks later, and then only when the 
measurable tumour mass had not decreased up to this time. If this was the case (i.e., if 
remission occurred in response to hormonal therapy), the cytostatic therapy was first 

Schweizerische Arbeitsgruppe fUr Klinische Krebsforschung (SAKK) (Swiss working-group for 
Clinical Cancer Research). 
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Stratification 

Menopausal 
status 

Prognostic 
factors 

Simultaneous hormonea 

and chemotherapy 
(Group A) 

First hormonal 
therapy; wait; 
chemotherapy later, 
(Group B) 

F. Cavalli et al. 

Polychemotherapyb 

} 
~Regimen I 
--_. Regimen II 
---Regimen III 

) 
_____ Regimen I 
------>, Regimen II 
--Regimen III 

a Hormonal therapy was ovariectomy (premenopausal patients) or (mild): tamoxifen p.o. (post
menopausal patients). 

b Polychemotherapy: Regimen I chlorambucil, methotrexate, 5-fluorouracil, prednisone. Regimen II 
(standard): chlorambucil (L) p.o., methotrexate p.o., prednisone, alternating with 5-fluorouracil i.v., 
vincristine i.v., prednisone. Regimen III (maximal): doxorubicin i.v., alternating with high-dose 
LFMP, chlorambucil p.o., methotrexate, 5-fluorouracil i.v., and prednisone p.o. 

Fig. l. Therapy plan for untreated metastasising mammary carcinoma study protocol SAKK 

introduced from the time of renewed progression of the measurable tumour. All patients were 
randomised to one of the three polychemotherapy regimens. 
Regimen I. Patient randomised to Regimen I received intermittent mild polychemotherapy 
with 5 mg chlorambucil/m2 p.o. daily, 10 mg methotrexate/m2 p.o. once weekly, 500 mg 5-
fluorouracil/m2 p.o. once weekly, and prednisolone in decreasing doses. This treatment was 
given for 2 weeks, and after each treatment cycle there was a 2-week pause before the 
next. 
Regimen II. The standard therapy of SAKK (BRUNNER et al., 1977) was given as Regimen II. 
For the first 14 days of the month the patients received chlorambucil as in Regimen I, 15 mg 
methotrexate/m2 weekly p.o. distributed over 3 days, and prednisolone. In the second half of 
the month the treatment was changed for vincristine i.v. once weekly (maximal dose 2.0 mg) 
and 5-fluorouracil (500 mg/m2) i.v. once weekly. 
Regimen III. As maximal cytostatic treatment, the patients received in monthly rotation 
either 60 mg doxorubicin/m2 i.v. once every 4 weeks or high-dose LMF, consisting of 
chlorambucil as in Regimen I, 40 mg methotrexate/m2 i.v. once weekly and 600 mg 
5-fluorouracil/m2 i.v. once weekly. The high-dose LMF was administered only during 2 
weeks per month. 
The course of the therapy was assessed according to the following objective criteria: 
Progression (P): increase of measurable tumour mass and/or occurrence of a more recent tu
mour lesion. 
No change (NC): stationary maintenance of tumour parameters or decrease of the same to 
less than 25%. 
Improvement (PR < 50%): decrease of the measurable tumour size (product of the two 
longest diameters) by less than 50%. 
Partial remission (PR > 50%): decrease of the measurable tumour size (product of the two 
longest diameters) by more than 50%. 
The survival time was calculated by the use of the principle of cumulative survival curves after 
the method of KAPLAN and MEIER (1958). 
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Table 1. Remission rate after chemotherapy regimen (n = 194) 

Regimen 

I 

II 

III 

Results 

n 

68 

62 

64 

PR> 50% 

19 (= 28%) 

32 (= 52%) 

41 (= 64%) 

PR < 50% 

13 

7 

3 

Total 

32 = 47% 

39 = 62% 

44 = 69% 

153 

Of the 258 patients admitted to this study by 15 February 1978,210 were evaluable with ref
erence to response to treatment. 
Twenty-five cases were not evaluable on account of serious flaws in the protocol. In 23 cases 
the minimum time for evaluation (1 month of treatment) had not yet exspired. Of21 0 evaluable 
cases, 63 were premenopausal, and 147 postmenopausal women. In the premenopausal 
group, 24 out of 36 cases in Group A (remission rate 66%) showed PR > 50%. In Group B 
ovariectomy induced tumour regression in six of2 7 cases (remission rate 22%); in nine further 
patients PR > 50% was not induced until polychemotherapy was instituted. The remission 
rate for Regimen B thus amounted to a total of 55% (15/27). 
Of the postmenopausal patients, 33 of 71 cases in Group A (remission rate = 45%) attained 
PR > 50%. In this age group, 76 patients were randomised to Group B. In 18 ofthese patients 
TAM alone produced tumour regression (remission 23%), and 11 ofthe'se TAM-induced re
missions still persist, giving a projected median duration of remission of more than 10 months 
(10 +). The remission rates obtained with the three different chemotherapeutic regimens (I, II, 
III) are summarised in Table 1. The present evaluation relating to chemotherapy is based on 
194 patients (210 evaluable, less 16 lasting remissions with hormone therapy in Group B). In 
the 68 patients treated according to Regimen I, 19 (28%) attained PR > 50%, whilst in 13 
women the remission was objectively less good. Regimen II has so far been administered to 62 
patients, 32 of whom attained PR> 50% (52%). In seven further cases the measurable 
tumour size decreased by less than 50%. 
Of the 64 patients receiving Regimen III, 41 (64%) attained PR > 50%. With this regimen 
only three further cases showed PR < 50%. Comparison of the rate of PR > 50% obtained 
with Regimen I and that with Regimen III reveals that the difference is statistically highly sig
nificant (P < 0.01). All other differences so far have been statistically nonsignificant. In these 
preliminary evaluations of the study the toxicity of the chemotherapy has not yet been finally 
analysed, but it seems to be more marked than in the other therapeutic procedures used. In this 
group two patients died of heart failure, possibly caused by doxorubicin. 
Consideration of the cumulative survival curve reveals that so far neither the pre - nor 
the postmenopausal cases show any significant difference between Group A and Group B. 
At the time of the present evaluation, the course of the survival curve is also similar for 
all three chemotherapeutic regimens. 

Discussion 

With the treatment options currently available, about one-third of patients with untreated me
tastasising mammary carcinoma can experience a complete or good partial (> 50%) remis-
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sion that persists for a mean of 9-12 months (BRUNNER and MARTZ, 1976). In the last SAKK 
study, BRUNNER and MARTZ (1976) were able to show that a simultaneous hormone and che
motherapeutic treatment yields better results than polychemotherapy alone. The present 
SAKK protocol was designed to investigate two questions in particular: 
1) The point when hormonal and cytotoxic chemotherapy should be combined. 
2) The necessary intensity of poly chemotherapy. Both problems are currenty considered to 
be unsolved (TATTERSALL and TOBIAS, 1977). The evaluations so far available from our 
study, which is still in progress, do not allow a definite answer to either question. 
Hitherto we have been unable to establish a difference in the course of the two groups in which 
chemotherapy is instituted simultaneously with hormone therapy or later, after failure ofhor
monal therapy has been established. 
A clear answer to this question is obviously impossible without a longer observation time. But 
it will be especially necessary in the definitive analysis of this study to divide the whole patient 
sample into different subgroups with homogeneous prognostic factors (FEY, 1978) to fa
cilitate the observation of possible differences, which will probably balance each other over 
the whole collective. 
With regard to chemotherapy, we already have an indication that intensive cytostatic 
treatment induces a higher remission rate, so far without a significant prolongation of 
survival. Should this trend persist we might have to deal with a surprising and portentous find
ing. However, before we can form a definite opinion we require a longer observation 
time. 
A conclusive analysis must also investigate the significance of "secondary therapy" (i.e., 
treatment after actual progression within the study) to explain a possible absence of difference 
in the survival curve. 

Summary 

The preliminary results of an on-going SAKK study on metastasising mammary carcinoma 
are reported. At the time of writing 210 cases are already evaluable. This study seeks to inves
tigate the question of the necessary intensity of polychemotherapy and also the problem of 
whether cytostatic therapy should be begun at the same time as hormonal therapy or just after 
failure of this measure. At present no definite answer is available. The results point to a new, 
possibly important aspect of the treatment of metastasising mammary carcinoma. 
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Rate to Cytotoxic Chemotherapy in Metastatic Breast Cancer? 
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Bethesda, MD 20014 (USA) 

Recent advances in the management of metastatic breast cancer have led to a significant im
provement in patient care. A variety of new kinds of endocrine therapy, such as antiestrogen 
administration or medical adrenalectomy with amino glutethimide, have reduced the toxicity 
of endocrine therapy. The use of steroid receptor determinations has improved the selection 
of patients for endocrine therapy enormously, such that about 75% accuracy in patient 
assignment for or against endocrine therapy can be anticipated. 
With the advent of combination chemotherapy, a large number of women, perhaps as many 
as two-thirds, will benefit from drug therapy. Unfortunately, these cytotoxic therapies involve 
significant hazards and virtually unavoidable toxicity. Clearly, the higher response rate to 
chemotherapy than to endocrine therapy is no justification for the indiscriminate application 
of the former to women as primary therapy. In view of the less than perfect response rate to 
chemotherapy combined with the obvious toxicity, we wondered whether there might not be 
some means of selecting patients for chemotherapy on a more scientific basis than clinical im
pression. 
Several lines of reasoning suggested that estrogen receptor (ER) determination might be of 
significant help. First, it is known that tumors that are ER-negative (ER-) tend to have higher 
thymidine labeling indices and higher mitotic indices (MEYER et aI., 1977). More rapidly 
growing tumors might be expected to respond more favorably to chemotherapy that is cell cy
cle phase-specific. Second, premenopausal women, who tend to have more rapidily growing 
tumors, shorter disease-free intervals, and better responses to chemotherapy, at least in the 
adjuvant setting, are more frequently ER- (ALLEGRA et aI.; KNIGHT et aI., 1977; FISHER et 
aI., 1975; BONNADONNA et aI., 1977). Thirdly, the response rates to secondary endocrine or 
chemotherapy tend generally to be lower than are obtained when these procedures are used as 
primary therapy, implying that tumors tend to respond to one form of therapy and notthe oth
er. Finally, in leukemia, glucocorticoid receptor levels tend to correlate with slower-growing 
tumors with more prolonged responses to chemotherapy (KONIOR et aI., 1977). 
Thus, we studied the relationship ofER to response rate to cytotoxic chemotherapy in a co
hort of 70 women. 
The study methods employed have been described in detail elsewhere (LIPPMAN et aI., 1978). 
The most important features ofthe design are as follows. First, all patients had ER assays per
formed on metastatic foci immediately before the institution of cytotoxic chemotherapy. 
Second, an arbitrary cut-off of 10 fmol per mg cytoplasmic protein was chosen in advance. 
Third, uniform and widely accepted response criteria were employed, requiring a minimum of 
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Table I. Characteristics of the patients treated with cytotoxic chemotherapy as a function of ER 
status 

RE+ ER- P value 
ER+vsER-

Number of patients 25 45 

Mean estrogen receptor content 56 2 
(fmol/mg cytoplasmic protein) 

Age (mean ± SD) 50 ± 10 52 ± 11 > 0.1 

Menopausal status 
Pre 6/25 (24%) 13/45 (28%) > 0.1 
Post 19/25 (76%) 32/45 (72%) 

Karnofsky index 89 ± 10 88 ± 10 > 0.1 
(mean ± SD) 

Disease-free interval (months) 17 ± 11 22 ± 12 > 0.1 
(mean ± SD) 

Number of sites involved 
1 7 15 
2 5 13 > 0.1 
3 13 17 

Prior therapy 7/25 (28%) 9/45 (20%) > 0.1 
Endocrine 7/25 (28%) 9/45 (20%) > 0.1 
Chemotherapy 1/25 (4%) 1/45 (2%) > 0.1 

Median time from first recurrence 1.5 3.0 > 0.1 
to chemotherapy trial (months) 

50% regression of all measurable disease for 2 months and the appearance of no new lesions. 
Fourth, response rate was assessed by investigators unaware of the ER results. Fifth, as an ad
ditional control, response to endocrine therapy as a function ofER status was assessed in an 
entirely unrelated group of 85 patients (ALLEGRA et al.). In this group, ER positivity predicted 
response for 34 of 52 patients (65%) whereas ER negativity was associated with absence of 
response in 30 of33 patients (91 %). Thus, we are confidentthat the ER assay as performed in 
our laboratory (LIPPMAN et a!., 1978) gives expected predictive accuracy and is therefore 
valid. 
Obviously many prognostic variables may influence response rates to chemotherapy. 
Thus, it is critical to evaluate whether or not ER + and ER - patients are similar with respect to 
important clinical features known to influence clinical outcome. Patient characteristics are 
shown in Table 1. As shown, patient age, menopausal status, Karnofsky performance index, 
number of sites involved with metastatic disease, proportion receiving prior therapy, and dis
ease-free interval are similar. 
Sites involved with metastatic disease are shown in Table 2. While basically similar numbers 
of each site are shown, there is a significantly higher number of patients with visceral 
involvement. This potential bias quite probably arose because of a tendency on the part of 
clinicians managing these patients to advance them directly to chemotherapy trials if they had 
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Table 2. Sites of involvement of patients treated with cytotoxic che-
motherapy 

Tumor site ER+ ER- P value 
ER+ vsER-

Skin 15/25 28/45 > 0.1 
Soft tissue 12/25 16/45 > 0.1 
Node 6/25 11/45 > 0.1 
Lung 12/25 13/45 > 0.1 
Pleura 4/25 3/45 > 0.1 
Ascites 1/45 > 0.1 
Brain 1/25 2/45 > 0.1 
Liver 12/25 10/45 <0.05 
Bone 14/25 19/45 > 0.1 
Bone marrow ·2/25 4/45 > 0.1 

Table 3. Chemotherapy regimensa employed in evaluating response as a 
function of ER status 

Therapy ER+ ER-
(n = 25) (n = 45) 

Adriamycin-containing therapies 

A 1 0 
A-V 1 2 
A-M-F 0 1 
A-D-V 2 1 
C-A-V 2 0 
C-A 1 0 
C-A-F 9 9 
C-A-M-F 0 15 
C-M-F-A-D-V 0 2 
P-A-V 0 2 

16 (64%) 32 (71%) P > 0.1 

Therapies without adriamycin 

C-F 1 0 
C-M-F 7 9 
C-M-F-V 0 3 
Platinum 0 1 
Cytembena 1 0 

9 (36%) 13 (29%) P > 0.1 

a A, adriamycin; C, cytoxan; D, dibromodulcitol; F, 5-fluorouraci1; M, 
methotrexate; P, L-phenylalanine mustard; V, vincristine. 
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Table 4. Response rate to cytotoxic chemotherapy as a 
function of ER status 

ER+ 

ER-

Response rate 

3/25 (12%) 

34/45 (76%) 
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Fig. 1. The influence of ER 
status on objective response 
rate to cytotoxic chemother-
apy in metastatic breast 
cancer. Responders include 
those with complete and 
those with partial responses. 
The 37 responders are 
shown by triangles (1:.) and 
the 33 nonresponders by 
squares (0). The dashed 
line at 10 fmol/mg cytoplas-
mic protein is the cutoff 
employed in this study for 
separating ER + from ER-
patients 

extensive visceral disease, irrespective ofER status. Later it will be shown that the higher pro
portion of ER + patients with visceral disease does not influence the results. 
The therapies administered are shown in Table 3. As can be seen, a large number of 
combinations and single agents were employed. Basically, the proportion of patients receiving 
a combination with or without adriamycin is identical. In addition, median white blood cell 
nadirs were identical in the ER + and ER- groups receiving therapy. Only one patient in each 
group received a minimally active single agent (cytembena or cis-platinum). No patient 
received less than two cycles of chemotherapy before being termed a nonresponder. All 
patients in the ER + and the ER- groups who were receiving the same therapy, e.g., CMF, were 
treated according to an identical protocol with identical dosage modifications. Finally, 
although 15 patients in the ER - group received a CAMF combination not used in the ER + 

group (because of a hierarchy of other protocols employed at the NCI); the response rate in 
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Table 5. Response rates to cytotoxic chemotherapy of different sites as a 
function of ER status 

Tumor site ER+ ER- P value 
ER+ vsER-

Skin 1/15 20/28 < 0.0001 
Soft tissue 0/12 9/16 < 0.001 
Node 0/6 8/11 < 0.0001 
Lung 2/12 6/13 > 0.1 
Pleura 0/4 3/3 < 0.01 
Ascites 0/1 
Brain 0/1 0/2 
Liver 0/12 2/10 > 0.1 
Bone 1/14 13/19 < 0.005 
Bone marrow 0/2 2/4 

Table 6. Response rates to cytotoxic chemotherapy as a function of type of chemotherapy and 
status 

Drug combinations 
containing 
adriamycin 

ER+ 3/16 

ER- 26/32 

P < 0.005 

Drug combinations 
without 
adriamycin 

0/8 

8/12 

P < 0.025 

Single 
agents 

0/1 

0/1 

Total 

3/25 

34/45 

P < 0.0001 

this subset of patients will be shown to be no different from that in the ER - group as a 
whole. 
The overall response rate to cytotoxic chemotherapy is shown in Table 4. Thirty-four of 
45 ER - and 3 of 25 ER + patients had an objective response to chemotherapy (P < 0.001). 
The overall response rate is 37 of 70 patients (53%), and is typical of what one might expect 
for such a varied group of chemotherapy. 
The distribution of responders and nonresponders as a function ofER concentration is shown 
in Fig. 1. When the distribution of responders and nonresponders is examined with respect to 
ER status by Wilcox an rank sum analysis there is a significant difference (P < 0.005). No re
trospectively chosen cut-off value for ER concentration positivity yields better discrimination 
than the one chosen prospectively. 
The response rate as a function of site involved is shown in Table 5. There are more sites than 
patients since most patients had more than one site involved with metastatic disease. In 
addition, not every site actually regressed in a patient termed a responder, since criteria of re
sponse allow that some sites remain stable while others regress. Nonetheless, it is apparent 
that patients with visceral involvement respond no differently from patients with soft 
tissue or bone involvement, provided that they are members of the same ER subset. 
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Response as a function of type of therapy is summarised in Table 6. Regardless of therapy, 
ER - patients respond more frequently to cytotoxic chemotherapy than ER + patients. Fur
thermore, if the 15 patients in the ER --group receiving CAMF are subtracted from the 34 of 
45 ER - responders, the resultant 30-patient group contains 25 responders, and this response 
rate is not different from that of the initial group. 
It is interesting to note that all responders in the ER + group received a combination containing 
adriamycin. We firmly believe that receptor status is not directly related to chemotherapy re
sponse. That is, ER is a necessary, albeit insufficient, requirement for a hormone response. 
The receptor is a direct mediator of hormone action. On the other hand, we believe that the as
sociation between lack of receptor and response to chemotherapy is indirect and possibly due 
to a correlation between receptor status and tumor kinetics. Thus we could expect that a vari
ety of factors, such as certain types of chemotherapy, chemotherapy schedules, prior 
therapy with its selective pressure on tumor cell populations and tumor bulk (adjuvant versus 
advanced disease setting) might all significantly alter the usefulness of the ER test in 
predicting response to cytotoxic chemotherapy. This may explain some of the controversy in 
the literature that has sprung up subsequent to the publication of our initial results (LIPPMAN 
et aI., 1978). FRENNING et aI. (1978) have shown opposite results. That is, they claim that ER + 
patients respond to chemotherapy more often. This study is not yet available for detailed anal
ysis. In contrast, other authors have published their results, which show that ER - patients re
spond twice as frequently to chemotherapy as ER+ patients (JONAT and MAASS, to be 
published). Obviously, further analyses with careful attention to details of therapy and other 
prognostic variables will be required for the true nature of the association between ER and 
chemotherapy response rate to be understood. 
We believe our data do have certain implications, however. Our data suggest that ER status is 
an important variable and as such should be considered as a stratification criterion prospec
tively in randomized trials, or the distribution ofER + and ER - patients in each arm should be 
determined retrospectively as a source of potential bias. Second, our data suggest a testable 
hypothesis as to why some patients (ER +) show resistence to chemotherapy. Conceivably, 
less cell cycle-specific therapy or efforts to recruit ER + cells with endocrine therapy may sig
nificantly aid in the chemotherapy of ER + patients. Third, on the assumption that many tu
mors are heterogeneous mixes ofER + and ER - cells (MERCER et aI., 1978), our data predict 
that at least some patients may convert from ER - to ER + status following cytotoxic 
chemotherapy, presumably on the basis of selection of relatively resistant ER + cells. Finally, 
our data may help to explain why results with cytotoxic chemotherapy are relatively 
unrewarding in postmenopausal females in the adjuvant setting. These women are more 
frequently ER + (well over 80% in some series) and thus possibly less responsive to drug thera
py. Clearly adjuvant data need to be analysed in the light of receptor status. 
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Since chemotherapy was introduced into the treatment of malignant tumours, cytostatically 
induced amenorrhoea has been repeatedly described as an undesirable endocrine side effect in 
sexually mature women. 
Since various malignancies, such as mammary carcinoma, endometrial carcinoma, and in 
some cases also ovarian carcinoma, react sensitively to a change of endocrine milieu due to 
their endocrine dependency, a detailed investigation of the hypothalo-hypophyseo-ovarian 
axis under the influence of carcinostatic polychemotherapy seemed necessary. 
Only exact knowledge of endocrine changes will permit a rational combination of hormonal 
and chemotherapeutic treatment measures in respect of patients suffering from the above
mentioned tumours. 
Three groups of patients with metastasising mammary carcinomas were studied within the 
scope of the present examination: 

1) Sexually mature women with intact, undisturbed, ovarian function. 
2) Menopausal patients with disorders of ovarian function characteristic of this time of 

life. 
3) Postmenopausal patients, who had had their last menstrual periods at least 5 and not more 

than 15 years before. 

All patients received a polychemotherapeutic regimen, either the combination of adriamycin 
and cyclophosphamide described by SALMON-JONES (1974) or the slightly modified regimen 
described by BONADONNA et al. (1976), involving a combination of cyclophosphamide, 
methotrexate, and 5-fluorouracil. In both cases the interval therapeutic scheme was 
used. 
According to the development of haematotoxicity, the actual treatment cycle lasting 1-2 
weeks was followed by a therapy-free interval of 2-3 weeks. 
The analysis of plasma samples obtained from all the patients for their content of FSH, LH, 
prolactin, 17 ,B-oestradiol, testosterone, and progesterone was carried out with the aid of 
radioimmunological determination methods. Since it was at first unknown when and in what 
form disorders of the ovarian cycle control would occur during polychemotherapy, we 
initially limited ourselves to the analysis of clinical data, such as menstrual history and basal 
temperature curves, in the sexually mature and menopausal patients. 
Table 1 shows that after an average treatment duration of 4-5 months, disorders of ovarian 
function invariably occurred in allIS mature patients investigated. These disorders were ap-
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Table 1. Beginning and type of ovarian functional disorder during cytostatic treatment in women with 
intact ovarian function before treatment 

No. Pat. Age Type of ovarian Duration of Total dose of cytostatic 
functional therapy before drugs befor onset 
disorders onset of ovarian of ovarian disorders 

disorders (months) 

IF 37 Luteal 6 455 mg adriamycin/ 
insufficiency 5.6 g cyclophosphamide 

2 IU 37 Luteal 9 600 mg adriamycin/ 
insufficiency 7.6 g cyclophosphamide 

3 WH 32 Luteal 60 mg adriamycin/ 
insufficiency 0.8 g cyclophosphamide 
anovulatory 
cycles 

4 MB 40 Luteal 4 180 mg adriamycin/ 
insufficiency 1.8 g cyclophosphamide 

5 PJ 38 Luteal 4 260 mg adriamycin 
insufficiency; 2.6 g cyclophosphamide 
oligomenorrhoea 

6 GV 39 Oligomenorrhoea; 3 195 mg adriamycin/ 
anovulatory 1.8 g cyclophosphamide 
cycles 

7 CF 40 a) Anovulatory 2.5 160 mg adriamycin/ 
oligomenorrhoea 1.8 g cyclophosphamide 

b) Amenorrhoea 5 260 mg adriamycin/ 
3.0 g cyclophosphamide 

8 MH 39 a) Luteal 2 160 mg adriamycin/ 
insufficiency 1.8 g cyclophosphamide 

b) Amenorrhoea 4 280 mg adriamycin/ 
3.0 g cyclophosphamide 

9 HF 32 Luteal 5.5 10.5 g cyclophosphamide 
insufficiency 10 g 5-fluorouracil 

300 mg methotrexate 

10 IK 42 Anovulatory 5 10.5 g cyclophosphamide 
cycles 109 5-fluorouracil 

300 mg methotrexate 

11 IB 28 a) Anovulatory 8 14.7 g cyclophosphamide 
oligomenorrhoea 14 g 5-fluorouracil 

420 mg methotrexate 
b) Amenorrhoea 11 23.1 g cyclophosphamide 

22 g 5-fluorouracil 
660 mg methotrexate 
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Table 1 (continued) 

No. Pat. Age 

12 IR 37 

14 DS 33 

15 AK 30 

Type of ovarian 
functional 
disorders 

a) Oligomenorrhoea 
and luteal 
insufficiency 

b) Amenorrhoea 

Luteal 
insufficiency 

Oligomenorrhoea 

--E2 

------- L H 
--- FSH 

Duration of 
therapy before 
onset of ovarian 
disorders (months) 
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Total dose of cytostatic 
drugs befor onset 
of ovarian disorders 

6.3 g cyclophosphamide 
6 g 5-fluorouracil 
180 mg methotrexate 
8.4 g cyclophosphamide 
8 g 5-fluorouracil 
240 mg methotrexate 

10.5 g cyclophosphamide 
10 g f-fluorouracil 
300 mg methotrexate 

4.2 g cyclophosphamide 
4 g 5-fluorouracil 
120 mg methotrexate 
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Fig. 1. Endocrine characterisation of chemotherapeutically induced amenorrhoea. 
--, E2 ; ---, LH; ---, FSH 

parent chiefly in the form of oligomenorrhoea, polymenorrhoea, anovulatory cycles, or 
corpus luteum insufficiency. 
Consecutive amenorrhoea was only observed in four cases. The endocrine characterisation of 
this amenorrhoea can be deduced from a typical example presented in Fig. 1. After the end of 
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Table 2. Onset and type of ovarian functional disorder apparent in amenorrhoea during cytostatic 
treatment in premenopausal patients 

No. Pat. Age Characteristics Duration of Dose of cytostatic 
of the menstrual therapy before drugs given before 
cycle before onset of onset of 
therapy amenorrhoea amenorrhoea 

(months) 

GG 50 21/35 days, 3 180 mg ADM; 
anovulatory 1.8 g cyclophosphamide 

(3 cycles ADM/ 
cyclophosphamide) 

2 US 50 28/30 days, 130 mg ADM; 
anovulatory 1.6 g cyclophosphamide 

(2 cycles ADM/ 
cyclophosphamide) 

3 KH 50 24/30 days, 2 140 mg ADM; 
anovulatory 1.2 g cyclophosphamide 

(2 cycles ADM/ 
cyclophosphamide) 

4 DK 48 22/30 days, 130 mg ADM; 
corpus luteum 1.2 g cyclophosphamide 
insufficiency (2 cycles ADM/ 

cyclophosphamide) 

5 SM 45 28/36 days, 2.5 195 mg ADM; 
corpus luteum 2.4 g cyclophosphamide 
insufficiency (3 cycles ADM/ 

cyclophosphamide) 

6 RS 48 22/37 days, 3 4.2 g cyclophosphamide 
irregular, 4 g 5-FU; 
sometimes 120 mg MTX 
anovulatory (3 cycles CMF) 
cycles 

7 JB 45 28/40 days, 2 4.2 g cyclophosphamide, 
luteal 4 g 5-FU; 
insufficiency 120 mg MTX 

(3 cycles CMF) 

the last menstruation, there is a very rapid reduction in ovarian oestradiol synthesis. The val
ues obtained from plasma analysis are similar to those obtained in ovariectomised or 
postmenopausal patients. In contrast to this there is a considerable increase of hypophyseal 
gononadotropin secretion. This hypergonadotropic situation continues despite continuation 
of the chemotherapy. 
The investigation permits the conclusion that disorders in the ovarian regulatory cycle evoked 
by cytostatic treatment take place primarily in the ovary itself. Only then does the decline in 
plasma oestradiol concentration lead to a secondary increase ofFSH and LH liberation from 
the hypophysis through a negative feedback control of the hypothalamus. 
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Table 3. Hormonal parameters in premenopausal women after 2-3 months' cytostatic treat-
ment 

No. Patient Age pg E/ml plasma mIU FSH/rnl plasma mIU LH/ml plasma 

KD 48 42 60 31 
33 58 54 
39 65 49 

2 GG 50 42 52 
18 51 
11 38 

3 US 50 23 82 65 
26 95 54 
18 59 76 

4 SM 45 18 54 
31 84 
11 75 

5 RS 48 35 107 
20 88 
52 96 
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Fig. 2. Comparative studies of the FSH and LH plasma concentrations in healthy postmenopausal 
women (0) and in postmenopausal patients with metastasising mammary carcinoma (~) 
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Fig. 3. The behaviour of hypophyseal FSH and LH secretion in postmenopausal patients during 
polychemotherapy. ____ , number of treatment cycles; • -., number of therapy-free intervals. 
A rrow indicates untreated control 

Table 2 shows observations made in the seven menopausal patients. In these cases there were 
already disorders of ovarian function before therapy, such as luteal insufficiency, oligo
menorrhoea, polymenorrhoea, or anovulatory cycles. The hormonal characteristics of the 
ovarian functional disorders typical of this phase oflife have recently been presented by differ
ent groups of workers (SHERMAN et aI., 1976; KAISER et al., 1977). In these patients 
amenorrhoea occurred very early in the poly chemotherapeutic regimen. In all cases an effect 
of this kind occurred after 1-3 months' treatment. Table 3 shows that hypergonodotropic 
amenorrhoea develops as a sign of primary damage to the female gonads. The ovary seems to 
be far more sensitive in this age group than in younger women. In the course of our further in
vestigations the influence of cancerostatic polychemotherapy on the endocrine system of 
postmenopausal women was investigated. First a comparison of the different hormonal 
parameters in healthy women and in patients of the same postmenopausal age with me
tastasising mammary carcinoma was carried out. As Fig. 2 shows, there is no significant dif
ference between the two groups in hypophyseal FSH and LH secretion. Identical values were 
obtained for the plasma concentrations of prolactin, 17 f3-oestradiol, progesterone, and 
testosterone in both groups. 
After high-dose chemotherapy for over 9 months, no change of the hypophyseal gonado
tropin liberation could be demonstrated in postmenopausal patients with disseminated 
mammary carcinoma (Fig. 3). Nor did the prolactin, 17 f3-oestradiol, progesterone, and 
testosterone values in the plasma show any statistically significant reaction to the cytostatic 
regime. In summary, it has been shown that: 

1) An intermittent carcinostatic polychemotherapeutic regimen is capable of producing 
sustained functional derangement of the hypothalamo-hypophyseo-ovarian axis. How
ever, effects of this kind occur only in sexually mature patients. During the menopause 
there is no change of the above-mentioned hormonal parameters. 
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2) The type of disorder ranges from corpus luteum insufficiency through anovulatory cycles 
to amenorrhoea. 

3) The primary and most essential point of attack of the cytostatic drugs investigated appears 
to be the ovary alone. The controlling regulatory centres, such as the hypothalamus and 
the hypophysis, show marked resistance. No cytostatically induced suppression of the 
gonadotropin secretion can be recognised. The negative feedback control of the hy
pothalamic region is preserved. 

4) The ovary of any patients with stable, intact cycles is apparently relatively insensitive to 
chemotherapy. Although cycle disorders of different kinds do arise in all patients, only in a 
few cases are these functional changes finally transformed into amenorrhoea. This only 
takes place after long-lasting administration of cytostatics in high doses. 

5) If there are pretherapeutic disorders of ovarian function, in these sense of menopausal 
changes, amenorrhoea usually results after short-term low-dose therapy. 

It is to be hoped that the present results, together with receptor determination in tumour tissue, 
will prove to be of decisive assistance in the realm of therapeutic planning for patients with me
tastasising mammary carcinoma. This is especially relevant for the combination of che
motherapeutic and endocrine treatment procedures. 
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Introduction 

The treatments used in postmenopausal women with advanced breast cancer include additive 
endocrine therapy. Due to the same or better efficacy as with other preparations and to the 
mild side effects, most authors now believe that the anti-oestrogen compound tamoxifen 
(TAM) is the drug of choice when additive endocrine treatment is indicated (MOURIDSEN et 
aI., 1978; TAGNON, 1977). 
In unselected patient populations the response rate with TAM is about 35%, but in patients 
not previously treated with hormones the response rate is even higher, about 45%. The 
median duration of remission is about 12 months (MOURIDSEN et aI., 1978). 
It is now well established that the response rate with TAM is related to the presence of 
cytoplasmatic oestradiol receptor (ER) protein in the tumour (BARNES et aI., 1977; KING, 
1975; LECLERCQ and HEusoN, 1977; MosEsoN et aI., 1978; MOURIDSEN et aI., 1978). Thus 
the response rate in ER-positive (ER +) patients is about 60%, as against less than 10% in pa
tients with ER-negative (ER -) tumours. However, about 40% of patients with ER + tumours 
still fail to respond to treatment with TAM. The explanation for this is not known. De
termination of nuclear receptor concentrations may increase the accuracy of response 
prediction, and the presence or absense of other steroid hormone receptors, such as gestagen 
and androgen receptor proteins, may also be considered. 
With the aim of increasing the therapeutic effect ofT AM we conducted two prospective clini
cal trials in which TAM was compared with TAM and medroxyprogesterone acetate (MPA) 
or TAM and diethylstilboestrol (DES). Only two similar studies have been published (TOR
MEY et aI., 1976; WARD, 1977); in these combined treatment with TAM and androgen 
(TORMEY et aI., 1976) or TAM and antiprolactin (WARD, 1977) was found to be only slightly 
superior to treatment with TAM alone. 
Gestagen has been reported to induce remissions in 15%-45% of cases (ANSFIELD et aI., 
1974; GOLDENBERG, 1969; MUGGIA et aI., 1968; PANNUTI et aI., 1976; SEAGALOFF et aI., 
1967; STOLL, 1967). Although progesterone is generally considered to be an oestrogen 
antagonist (HSUEH et aI., 1975), the mechanism of action in human breast cancer is not 
clear. 
Administration of pharmacological doses of oestrogens to postmenopausal patients with 
advanced breast cancer can induce remission in about 30% of cases (HAYWARD, 1970). The 
mechanism of this action is also unknown. 
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It has been reported that about 70% of patients who had previously responded to endocrine 
therapy were able to achieve a second response to TAM (KIANG and KENNEDY, 1977; 
MANNI et al., 1976). 
The aim of the present study was to compare the therapeutic effect of TAM alone with the ef
fect of combined treatment with TAM + MPA and TAM + DES in postmenopausal patients 
with advanced breast cancer. 

Material and Methods 

From this point onward, Study I indicates the study comparing TAM and TAM + MP A, and 
Study II, the one comparing TAM and TAM + DES. 
The patients in Study I were a consecutive series admitted to Departments R II-R V, Finsen 
Institute, the Department of Oncology, Malmo General Hospital, and Medical Department 
C, Bispebjerg Hospital, between 1 August 1976 and 1 August 1977. 
The patients in Study II were a consecutive series admitted to Departments R II-R V, Finsen 
Institute, and Medical Department C, Bispebjerg Hospital between 1 September 1977 and 
1 August 1978. 
Eligibility requirements for the two studies were: 

1) The patients must be postmenopausal, i.e., must have experienced at least 6 months' 
spontaneous amenorrhoea. Patients who had previously undergone hysterectomy must be 
more than 50 years of age. Patients who had previously undergone ovariectomy could en
ter the study 3 months after surgical or 6 months after actinic castration. 

2) Patients less than 68 years of age must be clinically resistant to at least one cytostatic com
bination regimen. Patients more than 68 years of age could enter the study despite clinical 
resistance to cytostatic treatment. 

3) There must be measurable disease. 
4) The performance status must be ;:::: 3. 
5) Previous additive endocrine treatment must not have been given. 
6) The patients should have given their verbal informed consent. 

The patients were randomly allocated (using a stochastic array of numbers, closed envelope 
system) to one of two treatment groups. 

Study I 

Patients in Study I received treatment with 10 mg TAM three times daily or treatment with 
10 mg TAM three times daily and 100 mg MP A daily p.o. as a single dose. 

Study II 

Patients in Study II received treatment with 10 mg TAM three times daily or treatment with 
10 mg TAM three times daily and 1 mg DES three times daily. 
Wherever possible, the treatments were maintained for at least 3 months before the response 
to treatment was assessed. If at 3 months there was still progressive disease the patient was 
withdrawn from the study. If at 3 months there was no change or a remission the patient con
tinued in the study until progression or relapse. 
Pretreatment examinations included physical examination, chest roentgenogram, bone sur
vey, laboratory tests (blood cell counts, serum calcium and liver function tests), and es-
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timations of performance status. All visible and palpable lesions were measured to provide a 
baseline for subsequent examinations. These were repeated at 1- to 3-months inter
vals. 
Furthermore, whenever possible, biopsies from tumour tissue were taken for analyses of ER 
protein by the dextran-charcoal method (DAEHNFELDT and BRIAND, 1977) prior to ther
apy. 
Response to treatment was defined according to the UICC criteria (HAYWARD et aI., 1977), 
as follows: 
Complete remission (CR): complete disappearance of all measurable lesions. 
Partial remission (PR): 50%-99% reduction of measurable lesions and/or recalcification of 
bone lesions. 
No change (N C): < 50% reduction of measurable lesions and/or no visible changes in bone le
sions. 
Progressive disease (PD): 50% increase of measurable lesions and/or definite decalcification 
of bone lesions. 
Duration of response was dated from the start of therapy up to PD. 

Results 

Study I 

Study I involved 101 patients, and their characteristics are shown in Table 1: 46 patients were 
randomised to treatment with TAM and 55 patients to the combined treatment with TAM + 
MP A. One patient treated with TAM was lost to follow-up before she had been treated for 
3 months and is therefore considered nonevaluable. 
The patients randomised to the two regimens were comparable as regards age, length of dis
ease-free interval, previous treatment with cytotoxic agents, and dominant metastatic 
site. 

Table 1. TAM versus TAM + MPA in advanced breast cancer. Patients 

TAM TAM+MPA 

Patients entered (n) 46 55 
Patients not evaluable (n) 1 0 
Patients evaluable (n) 45 55 
Age, median (years, range) 60 (44-81) 61 (49-81) 
Disease-free interval, median (months, range) 18 (0-144) 18 (0-120) 
Previous chemotherapy (%) 71 65 
Patient with dominant 
disease site (n) 

Soft tissue 16 18 
Bones 13 16 
Viscera 17 21 

ER+' (n/total) 11/20 9/21 
ER- (n/total) 9/20 12/21 

a ER + indicates an ER protein concentration of ;:::: 20 fmol/mg protein. 
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Table 2. TAM versus TAM + MP A in advanced breast cancer 

TAM TAM+MPA 

PD' 18/45 = 40% 25/55 = 46% 
NC 7/45 = 16% 16/55 = 29% 
PR 16/45 = 35% 10/55 = 18% 
CR 4/45 = 9% 4/55 = 7% 

PR+CR 20/45 =44% 14/55 = 26% 

, PD includes patients with progressive disease at the time of 
assessment of results after 3 months' treatment and patients 
with rapidly progressive disease and death before this time. 
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Table 3. TAM versus TAM + MP A in advanced breast cancer. Duration of remission in 
months in patients with PR + CR 

PR 

CR 

TAM 

n 

16 

4 

Median 

10 

9 

Range 

6 -14+ 

6 -15+ 

TAM+MPA 

n 

10 

4 

Median 

9 

12+ 

Range 

4-16+ 

8+ - 17+ 

Oestrogen receptor determinations were performed in 20 of the patients receiving TAM only 
and 21 of the patients receiving the combined therapy. ER + and ER - tumours are equally dis
tributed in the two patient groups (Table 1). 
At the time of analysis 10 months had passed since entry of the last patient. 
The results of therapy are shown in Table 2. Statistical analysis revealed no significant 
difference (P > 0.2) (Mann-Whitney rank sum test, unpaired data) between the two 
treatment regimens. However, remission (PR + CR) was obtained in 20 patients (45%) with 
TAM, compared with 14 patients (26%) with TAM + MP A. The 95% confidence limits of the 
difference between the remission rates (d ± 0.2 SED) is 0%-38% (WULF, 1973), indicating 
that treatment with TAM will at best, induce PR + CR in 38% more of the patients than TAM 
+ MP A. At worst, treatment with TAM will induce the same number of remissions as 
treatment with the combination. 
The median duration of remission did not differ significantly between the two treatments, and 
so far there is no difference between duration of remission in patients achieving PR and in 
those achieving CR (Table 3). 
Response rates correlated with ER, as shown in Table 4. The response rates in the ER + pa
tients are the same with TAM alone as with combined TAM and MP A (P > 0.1). 
Side effects occurred in 12 patients, evenly distributed in the two treatment groups. Three pa
tients had hot flushes, three oedema, one hypercalcaemia, one loss of hair, and one headache. 
Three patients had vaginal bleeding and treatment with TAM and MP A had to be dis
continued in one of these patients. Otherwise the treatments were extremely well toler
ated. 



Therapeutic Effect of Tamoxifen Alone Versus Tamoxifen in Combination 

Table 4. TAM versus TAM + MPA in advanced breast cancer. 
Relationship between response (PR + CR) and ER content 

ER+ 

ER-

TAM 

7/11 (~63%) 

2/9 (~22%) 

TAM+MPA 

4/9 (~44%) 

2/12 (~ 17%) 

Table s. TAM versus TAM + DES in advanced breast cancer 

TAM 

Patients entered (n) 49 
Too early to evaluate (n) 8 
Patients not evaluable (n) 3 
Patients evaluable (n) 38 
Age, median (years, range) 69 (42-83) 
Disease-free interval, median (months, range) 30 (6-204) 
Previous chemotherapy (%) 50 
Patient with dominant disease site (n) 

Soft tissue 16 
Bones 6 
Viscera 16 

ER+8 (n/total) 4/11 
ER- (n/total) 7/11 

8 ER + indicates an ER protein concentration of ~ 20 fmoVmg protein. 

Study II 
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TAM + DES 

40 
6 
2 

32 
69 (46-82) 
30 (0-108) 
50 

13 
8 

11 
4/11 
7/11 

Study II involved 89 patients (Table 5). It was too early to evaluate the results in 14 of these 
patients, and five ofthem were not evaluable. In four of these cases (two in each group) the pa
tients themselves discontinued treatment due to side effects before 3 months had passed, and 
one patient was lost to follow-up. Of the other 70 patients, 38 were randomised to treatment 
with TAM and 32 to treatment with TAM + DES. As Table 5 shows the two groups ofpa
tients were comparable with respect to age, disease-free interval, previous chemotherapy, and 
localisation of the dominant disease. Analysis for ER was performed in 11 ofthe evaluable pa
tients in each group and ER + and ER - tumours were equally distributed. 
The response to treatment is shown in Table 6. No difference between the two groups in the 
numbers of responders and nonresponders was observed (P > 0.8). The observation period 
was too short to allow calculation of the median duration of remission, as more than 50% of 
the responders were still in remission when the results were analysed. 
Only very few data are available concerning the relationship between frequency of response 
and ER content (Table 7), but in agreement with other studies most of the responders are 
found among the ER + patients. 
Side effects occurred most frequently and were most pronounced with the combined treat
ment (Table 8). Two patients in each group discontinued treatment due to nausea after 
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Table 6. TAM versus TAM + DES in advanced breast cancer 

TAM TAM + DES 

PD 11/38 = 29% 11/32= 34% 
NC 11/38 = 29% 9/32=28% 
PR 12/38 = 32% 6/32= 19% 
CR 4/38 = 11% 6/32 = 19% 

PR+CR 16/38 =42% 12/32= 38% 

Duration of remission 6+(3+-12+) 5+(3-11.5+) 
(months), median (range) 

Table 7. TAM versus TAM + DES in advanced breast cancer. Relationship 
between response (PR + CR) and ER content 

ER+ 

ER-

TAM 

3/4 

0/7 

TAM + DES 

1/4 

1/7 

Total 

4/8 

1/14 

Table 8. TAM versus TAM + DES in advanced breast cancer. Side effects 

TAM TAM + DES 

Nausea 4 8 
Vaginal bleeding 0 2 
Thrombophlebitis 0 1 
Breast pain 0 3 
Leg cramps 0 1 

Total 4/41 15/34 

1-2 months of treatment. Vaginal bleeding occurred in two patients after 7 and 8 months of 
treatment with TAM + DES. Both patients were in remission at that time and continued treat
ment with TAM alone. No cases of biochemical or haematological side effects were ob
served. 

Discussion 

The results of this study give nO evidence for an improvement in response rate when TAM is 
combined with MPA or DES at the particular dose levels examined. On the contrary, it seems 
that treatment with TAM alone can give a higher remission than treatment with TAM + 
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MP A. The rate of remission in response to treatment with TAM + DES is equal to that with 
TAM alone. 
The lack of an additive effect with either combination might be explained by interference with 
the pharmacokinetics ofT AM by MPA or DES, resulting in decreased absorption in the gas
trointestinal tract, altered metabolism, or decreased uptake in the tumour cell. Because a valid 
assay for TAM is not at our disposal we have not been able to elucidate these ques
tions. 
In the case of the combination TAM + MP A, another possible explanation is pharma
codynamic interaction. It seems reasonable to believe that such interactions would take place 
at the receptor level. 
Experimental (MILGROM et aI., 1973) and clinical data (MCGUIRE and HORWITZ, 1977; 
STOLL, 1967b) support the hypothesis that synthesis of the progesterone receptor in mamma
ry tumour tissue needs an actively functioning ER. Anti-oestrogen given at the same time as 
progesterone will therefore have indirect antiprogesterone effects. 
In general, progesterone acts as an oestrogen antagonist, reducing the amount of ER in the 
target tissues (HSUEH et aI., 1975) and decreasing the time the ER complex is in the nucleus 
(HSUEH et aI., 1976). 
Experimental results with DMBA-induced rat mammary tumours suggest that TAM possi
bly exerts its effect in the same manner, namely by opposing the replenishment of the 
cytoplasmic ER (NICHOLSON et al., 1976). 
However, with the mature rat uterus as a target tissue it has recently been shown (KOSEKI et 
al., 1977) that TAM does allow replenishment of the ER in the cytoplasm. Furthermore, 
TAM causes elevated nuclear ER levels. This may indicate that the TAM -receptor complex 
acts by way of a more profound alteration at the transcriptional level. If, therefore, pro
gesterone can reduce the time the TAM-receptor complex remains in the nucleus, pro
gesterone may oppose the action of TAM. 
As mentioned earlier, the mode of action of DES remains unknown. Theoretically, TAM and 
DES should not antagonise each other at the receptor level, and the present data support this 
idea. 
Evidence obtained with the human cell line MCF-7 indicates that the effect of high doses of 
oestrogens is nonspecific and not mediated through the ER (LIPPMAN, 1976). Preliminary 
data from an on-going clinical adjuvant study (PALSHOF et aI., 1978) support this ob
servation. Thus it seems that the effect of adjuvant treatment with DES is independent of the 
ER status of the primary tumour. 
However, in the present study any difference as regards mode of action ofT AM and DES, has 
not resulted in any additive effect of treatment with the two drugs in combination. 
In conclusion, the two studies indicate that neither combined treatment with TAM and MP A 
nor combined treatment with TAM and DES is better than treatment with TAM 
alone. 

Summary 

Postmenopausal patients, of whom all those under 68 years of age were resistant to che
motherapy, entered two clinical studies. 
In Study I 46 patients were randomised to treatment with 10 mg tamoxifen (TAM) three times 
daily and 55 to treatment with 10 mg TAM three times daily and 100 mg medroxypro
gesterone acetate (MPA) once daily. Remission (PR + CR) was obtained in 20 patients (45%) 
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with TAM, as against 14 patients (26%) with TAM + MPA; however, this difference is not 
significant (P > 0.2). Nor was the median duration of remission significantly different with the 
two treatments: 6-15 months with the single drug compared with 4-17 + months with the 
combined treatment. Response rates correlated with the presence of oestrogen receptor 
(ER), with no differences in the two treatment groups. Side effects occurred in 12 pa
tients. 
In Study II the results have so far been evaluated in 38 patients randomised to treatment with 
10 mg TAM three times daily and in 32 randomised to treatment with 10 mg TAM three times 
daily plus 1 mg DES three times daily. Remission (PR + CR) was achieved in 16 patients 
(42%) with TAM, as against 12 patients (38%) with the combined treatment (P > 0.8). The 
median duration of remission with the two treatments was 6+ and 5+ months, respectively. 
Response rates were related to the presence of ER. Side effects occurred in four patients 
treated with TAM and in 15 patients treated with TAM + DES. 
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Toronto, M4X lK9 (Canada) 

Introduction 

Is there a place for adjuvant endocrine therapy of breast cancer? The answer is not clear, but 
is probably "yes". More investigation needs to be done to define the role of adjuvant endocrine 
therapy. This paper is a summary of the present position and a consideration of future 
work. 

Ovarian Ablation 

As early as 1889, SCHINZINGER suggested that ovariectomy might be useful in the primary 
treatment of patients with breast cancer, but it was not until 1948 that the first prospective, 
randomized trial of the value of prophylactic ovarian irradiation was started in Manchester 
(COLE, 1968). This trial, in premenopausal patients with positive and negative axillary nodes, 
demonstrated delay in recurrence but no prolongation of survival at 10 years. 
A subsequent trial of prophylactic ovarian irradiation in Oslo by NISSEN-MEYER (1964), and 
his colleagues showed some value in delaying recurrence and prolonging survival in pre
menopausal patients with positive axillary nodes, and in postmenopausal patients with 
positive or negative axillary nodes. 
The NSABP trial in the United States demonstrated no value in surgical ovariectomy at 3-5 
years of follow-up (RAVDIN et aI., 1970). 

Prednisone 

NISSEN-MEYER also demonstrated in a group of patients that prednisone, added to castra
tion, prolonged survival beyond that in historical castrated and non-castrated controls 
(NISSEN-MEYER, 1964). 

Toronto-London Trial 

A trial based on these data was carried out from 1965 to 1972 in patients with operable breast 
cancer. After surgery and postoperative radiotherapy, patients were randomized to no further 

This work was supported by the Ontario Cancer Treatment and Research Foundation, and by the 
Imperial Cancer Research Fund. 
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Fig. 1. Premenopausal patients less than 45 years 
old. --, NT (70 patients); ........ , R (67 
patients) (NT vs R, P = 0.13). Numbers of pa
tients followed to specific times are recorded on 
the graphs 

Fig. 2. Premenopausal patients less than 45 years 
old. --, NT (70 patients);········, R (67 
patients) (NT vs R, P = 0.19). The natural sur-
vival for age range is shown by the heavy line at 
the top. Numbers of patients followed to specific 
times are recorded on the graphs 
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treatment (NT), ovarian irradiation (R: 2000 rads in 5 days), or, in the case of patients aged 45 
years or over, ovarian irradiation plus prednisone (R + P: prednisone 2.5 mg three times dai
ly). The 1976 results have been published elsewhere (MEAKIN et aI., 1977). The results of the 
1977 update of 705 evaluable patients are as follows, and has been reported elsewhere 
(MEAKIN et aI., in press). 

Premenopausal Patients under 45 Years of Age 

This group (35-44 years) embraced clinical stages (TNM) I, II, and III, and the patients were 
randomized only between NT and R. The two groups were comparable for age and stage. His
tologically positive axillary lymph nodes were identified in 83% of the NT group and in 91 % 
of the R group. 
Figures 1 and 2 present the curves for recurrence-free interval and survival (actuarial). The 
numbers of patients followed to specific times are recorded on the graphs. While there is a per-
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Fig. 3. Premenopausal patients 45 years old or 
over. --, NT (64 patients); ........ , R (71 
patients); - - - - - - -, R + P, (73 patients) (NT vs 
R,P= 0.18; NTvs R + P,P=0.02; R vs R + 
P, P = 0.31). Numbers of patients followed to 
specific times are recorded on the graphs 

Fig. 4. Premenopausal patients 45 years old or 
over. --, NT (64 patients); ........ , R (71 
patients); - - - - - -, R + P (73 patients) (NT vs 
R,P=0.44; NTvs R + P,P= 0.02; R vs R + 
P, P = 0.11). The natural survival for age range 
is shown by the heavy line at the top. Number 
of patients followed to specific times are recorded 
on the graphs 

sistent delay in recurrence and a prolongation of survival, the differences are not statistically 
significant (P = 0.13 for Fig. 1 and P = 0.19 for Fig. 2). 
Separate analysis of the histologically node-positive patients only from Fig. 1 and 2 reveals a 
similar degree of delay in recurrence and improvement in survival between the NT and R 
groups, as follows: 
(a) Fig. 1, P = 0.12; (b) Fig. 2, P = 0.17. 

Premenopausal Patients 45 Years of Age or Over 

In this group, clinical stages (TNM) I, II, and III were randomized to NT, R, or R + P. The 
three groups were comparable for age and stage. Histologically positive axillary nodes were 
identified as follows: NT, 69%; R, 66%; R + P, 71%. 
The actuarial curves for recurrence-free interval and survival are shown in Figs. 3 and 4. The 
numbers of patients followed to specific times are recorded on the graphs. 
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Figure 3 shows that while Rand R + P delay recurrence, only R + P does so to a statistically 
significant degree (NT vs R + P, P = 0.02). 
In Fig. 4, Rand R + P are seen to prolong survival, but only R + P to do so significantly 
compared with the NT group (P = 0.02). 
If only the patients in Figs. 3 and 4 who had histologically positive axillary nodes are 
analyzed, the significance of the difference between the NT and R + P groups decreases to P 
= 0.04 (Fig. 3) of P = 0.06 (Fig. 4). 

Postmenopausal Patients 

No differences in time to recurrence or in survival could be demonstrated among the NT, R, 
and R + P groups. 

Discussion 

These data are in agreement with the results of the Manchester (COLE, 1968) and Oslo trials 
(NISSEN-MEYER, 1968) in demonstrating an apparent delay in recurrence and prolongation 
of survival after adjuvant ovarian irradiation alone, but the changes were not statistically sig
nificant in this study. 
The lack of agreement with the results of the NSABP trial (RAVDIN et al., 1970) of 
prophylactic ovariectomy is possibly due to chance, or perhaps an irradiated ovary may re
sult in a different physiologic state from that after a surgical ovariectomy. Alternatively, 
further follow-up data from the NSABP trial (RAVDIN et al., 1970) may demonstrate some 
value in surgical ovariectomy, for it may be noted that the effect of ovarian ablation in our 
study did not become firm until after 3-5 years of follow-up. 
However, the data drawn from this study indicate that the addition of small doses of 
prednisone to ovarian irradiation produces a significant delay in recurrence and prolongs sur
vival in premenopausal patients. Whether the prednisone produced its effect by suppressing 
estrogen of adrenal origin or by some other mechanism is not known. Other possible 
mechanisms include a reduction in prolactin secretion (perhaps mediated by reduced estrogen 
production), immunologic factors, or direct antitumor effects. Again it is emphasized that the 
effect of ovarian irradiation plus prednisone did not become definite until after 3 years of fol
low-up. 
One of the important features of these data is that ovarian ablation and prednisone were effec
tive in premenopausal patients with histologically positive axillary nodes to a degree 
comparable to the published data for adjuvant melphalan (FISHER et al., 1977) and CMF 
(cyclophosphamide, methotrexate, 5-fluorouracil) in premenopausal patients (BONADONNA, 
1977). Thus it would seem rational in future studies to examine the role of adjuvant hormonal 
therapy, both as a complement and as an alternative to adjuvant chemotherapy. 

A View of the Current Position of Adjuvant Endocrine Therapy 

Because of the established value of endocrine therapy in advanced breast cancer it seems rea
sonable to use such an approach in an adjuvant setting, providing one can establish by 
experiment benefit, safety, and means of selection of patients with residual, hormone
responsive disease. 
The current evidence for benefit consists of: (1) the marginal value of ovarian ablation; (2) the 
enhancement of the value of ovarian ablation by the addition of prednisone; and (3) the con-



182 J. W. Meakin 

tinuing observations that adjuvant, cytotoxic chemotherapy is more effective in premeno
pausal women, suggesting that at least part of the effect is hormone-mediated by means of 
ovarian suppression. 
With some exceptions, the morbidity of hormone therapy is less than that for cytotoxic 
chemotherapy with respect to both quality of life and mortality. Furthermore, the economic 
cost of delivering endocrine therapy is generally lower. Therefore the potential benefit: cost 
ratio for endocrine therapy is high, a desirable feature for any therapeutic procedure. 
Reasonable methods of patient selection for endocrine therapy have now been established for 
advanced disease (steroid receptors, rate of growth, tissue distribution, etc.). It remains to be 
shown whether or not similar criteria can be applied in the adjuvant setting (1) to select pa
tients with residual disease, especially those with negative axillary nodes; and (2) to determine 
whether or not the residual disease is hormone-responsive. 
Because endocrine therapy in advanced disease has generally been viewed as controlling, but 
not eliminating disease, there has been a tendency in the past to prefer cytotoxic, cell-kill 
methods in adjuvant therapy. There is now some evidence that endocrine approaches can 
have a cell-kill effect for neoplastic cells; briefly, this evidence includes (1) wellknown 
lympholytic effects of glucocorticoids, which may have immunotherapeutic implications in 
breast cancer; (2) survival of patients treated with ovarian ablation and prednisone ap
proaching the survival expectancy of the normal population (see above, Fig. 4); and (3) the 
death in tissue culture of hormone-responsive cells deprived of hormones and/or treated with 
antihormones (LIPPMAN, 1976 and personal communication). The mechanisms of cell kill in
volved may include cell lysis, interference with the synthesis of essential cellular components, 
and diversion oftumor cells into a state of differentiation, with exhaustion of the proliferating, 
stem cell compartment. 
Endocrine therapy may have to be combined with cytotoxic chemotherapy for two reasons: 
(1) because of the outgrowth of hormone-insensitive cells; and (2) to stimulate hormone-re
sponsive cells into a cycling state, making them more susceptible to cytotoxic chemo
therapy. 
In summary, the place of adjuvant endocrine therapy in the management of breast cancer is 
partially established, but a number of investigations, laboratory and clinical, are required for 
further definition. To this end a number of proposals for investigations are outlined be
low. 

Proposed Clinical Research into the Use of Adjuvant Endocrine Therapy 
in Breast Cancer 

As a high priority, the value of adjuvant ovarian irradiation and prednisone, as observed in the 
Toronto-London Trial, needs to be tested by another group. 
A number of trials are under way, but some additional proposals are as follows: 

Patients with Operable Disease, Positive Axillary Nodes and EBP 
(Estrogen-Binding Protein)-positive Tumors 

Do Hormone (H) Therapy and Cytotoxic (C) Chemotherapy Complement Each Other? 
Three types of experimental designs are: 
a) In premenopausal patients with the intention of determining whether or not endocrine and 
chemotherapeutic tumor-inhibiting approaches are complementary, randomize to H (e.g., 
ovarian ablation + prednisone or tamoxifen), C (e.g., eMF), or H + C. 
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b) In postmenopausal patients, with the intention of determining whether or not endocrine and 
chemotherapeutic tumor-inhibiting approaches are complementary, randomize to tamoxifen 
(T) or T + C (e.g., CMF). 
c) In postmenopausal patients, with the intention of determining whether or not hormone 
stimulation of tumor growth can enhance cytotoxic chemotherapy, randomize to H (e.g., es
trogen in low doses) + C (e.g., CMF) or C alone. This proposal is based on the possibility that 
the failure of C in postmenopausal patients may be due to a noncycling state of tumor cells be
cause of low estrogen levels. 

How Complete or Intensive Must Hormone Therapy be to be Effective? 

a) Premenopausal Patients. In view ofthe enhancement ofthe results of ovarian ablation (0) 
by prednisone (P), a study should be performed to find whether the effect obtained can be 
further enhanced by tamoxifen (T), patients being randomized to 0 + P, 0 + P + T, or T. This 
proposal is in part dependent on the outcome of current trials of the value ofT as an adjuvant 
agent in premenopausal patients. 
b) Postmenopausal Patients. If current trials of the adjuvant use ofT fail to show value, this 
may be due to a failure ofT to block all estrogen of adrenal and ovarian (residual) origin, and 
under such circumstances it would be reasonable to randomize between T and T + P. 

Patients with Operable Disease, Positive Axillary Nodes, and EBP-negative 
or EBP-unknown Tumors 

Primary tumors may be erroneously labeled EBP-negative because ofinnate heterogeneity of 
distribution of EB proteins in the neoplastic tissue or because of errors of sampling, storage, 
and technique. An assay for EBP may not have been done at all. 
If there is reason to believe the primary tumor is genuinely EBP-negative, some investigators 
may be reluctant to enter premenopausal patients on trials from which cytotoxic che
motherapy is omitted. However, until the data are firmer it seems reasonable to enter all pa
tients, but especially those with tumors whose EBP status is uncertain or unknown, on the 
same trials as EBP-positive patients, as suggested above. Patients should be stratified by EBP 
status. 

Does Adjuvant Endocrine Therapy Affect the Phenotype of the Residual Tumor 
in an Unfavorable Manner? 

To date there is minimal evidence for an unfavorable effect of adjuvant endocrine therapy, 
but it is theoretically possible that hormone therapy might allow the outgrowth of disease, 
which is more or less difficult to control with chemotherapy. Therefore it would be of value 
to incorporate an assessment of steroid-binding proteins in recurrent disease tissue and 
of survival from first recurrence into clinical trials. 

Patients with Operable Disease and Negative Axillary Nodes 

As it is recognized that this class of patient has a good prognosis, very little clinical research 
into the value of adjuvant therapy has been carried out. The problem has been to identify those 
patients with residual disease whom one might expect to benefit from adjuvant therapy. 
Two types of trials are suggested: 
Can a High-Risk Group be Identified? In trials directed at the identification of a high-risk 
group, prospectively and retrospectively postulated indicators of prognosis should be col-
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lected, including: auxometric parameters preoperatively, tumor size, tumor steroid-binding 
proteins, internal mammary node scan, and tumor markers such as CEA (carcinoembryonic 
antigen). 
Does Adjuvant Therapy Affect Prognosis? In studies designed to test whether the prognosis 
is affected by adjuvant therapy, the patients should be stratified for the parameters given in the 
last section and randomized as follows: 
EBP +: Control (i.e., no postoperative therapy); hormone therapy (e.g., tamoxifen); or 
hormone therapy + chemotherapy (e.g., CMF); 
EBP -: Control, chemotherapy, or hormone therapy + chemotherapy. 
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Introduction 

Advanced breast cancer is known to respond to endocrine therapy (Co-operative Breast 
Cancer Group, 1964; HADOW et al., 1944; HUGGINS and DAo, 1953; LUFT and OLIVE

CRONA, 1953), and determinations of steroid hormone receptor proteins in tumour tissue 
have proved to be of value in predicting the therapeutic response to endocrine manipulations 
(KING, 1975; SINGHAKOWINTA et al., 1975). 
The aim of the present studies is to evaluate the effect of adjuvant endocrine therapy. Any pro
longation of the disease-free interval will be correlated retrospectively with the type of 
endocrine therapy and the content of oestrogen and progesterone receptors in tumour 
biopsies. In the case of recurrent disease, steroid hormone receptor content in accessible me
tastatic lesions will be compared with that in the primary tumour. 

Materials and Methods 

Since 1 March, 1975,343 consecutive patients admitted to three University Hospitals in Co
penhagen (Dept. R, Gentofte, Dept. D, Glostrup and Dept. L. Bispebjerg Hospital) have en
tered the study. The primary treatment given is simple mastectomy and postoperative 
irradiation. Patients admitted to the study are those in stages I-III, i.e., patients with no evi
dence of distant metastases revealed by physical examination, X-ray of chest and skeleton, 
bone scintigraphy, and bone marrow biopsy. 

Inclusion Criteria 

1) Patients should be under 70 years of age. 
2) Primary treatment should be simple mastectomy and postoperative irradiation. 
3) Staging procedures, including X-ray of the chest, bone survey, bone scintigraphy, and 

bone marrow biopsy should all give normal results, i.e., tumours should be of categories 
Tl-T4, NO-N3, and MO. 

4) There should be no concomitant malignancy, excluding carcinoma in situ outside the 
breast. 

5) Postmenopausal patients should have had no previous thromboembolic or chronic hepatic 
diseases. 
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6) Patients should not be pregnant. 
7) In case of hypertension or congestive heart failure, entry may take place only after proper 

correction of these disorders. 

Definitions 

1) Patients with at least 5 years spontaneous amenorrhea are postmenopausal. 
2) Patients who have previously undergone hysterectomy or ovariectomy or in whom cyclic 

hormone administration still causes menstrual bleeding are defined as postmenopausal af
ter the age of 55 years. 

3) All other patients are regarded as premenopausal or menopausal. 

Treatment 

In both trials the treatment is double blind and starts 2 weeks after surgery. Patients classified 
as postmenopausal are randomised to treatment with 10 mg tamoxifen three times daily, 1 mg 
diethylstilboestrol (DES) three times daily, or one placebo tablet three times daily. In both 
groups treatment is continued for 2 years. Patients classified as premenopausal are ran
domised to 10 mg tamoxifen three times daily, or one placebo tablet three times daily. 
Treatment is discontinued in the case of severe or life-threatening side effects or in the case of 
recurrent disease. Patients are considered nonevaluable until the duration of treatment 
exceeds 3 months. 
Clinical and biochemical examinations are performed in each patients in the outpatient 
department every 3 months, and bone scintigraphy once a year. After 2 years of follow-up pa
tients will be monitored every 6 months for the next 3 years. 

Results 

Entry to the studies was closed in March 1978. 211 premenopausal patients and 132 post
menopausal patients have entered the trial. Tumour biopsies for oestradiol receptor protein 
determination were obtained in 78% of the cases. In the premenopausal group the ratio 
between positive (i.e., > 20 fmol/mg protein) and negative receptor protein content was found 
to be 0.7. In the postmenopausal patients the corresponding figure was 1.0 and for all patients 
it was 0.8. The lower values in the premenopausal group may be due to blocking by 
endogenous hormones (Table 1). 

Table 1. Cytoplasmic oestradiol receptor protein determinations in the Copenhagen Breast Cancer 
Trials 

ER+ ER- ER? Ratio ER + /ER- Total 

Premenopausal and 62 95 54 0.7 211 
menopausal 

Postmenopausal 56 54 22 1.0 132 

All patients 118 149 76 0.8 343 
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Table 2. Distribution of 343 patients according to treatment and oestrogen receptor status in the Co
penhagen Breast Cancer Trials 

Treatment ER+ ER- ER? Total 
group 

Premenopausal and Tamoxifen 32 53 28 113 
menopausal Placebo 30 42 26 98 

Postmenopausal Tamoxifen 23 16 8 47 
DES 13 18 6 37 
Placebo 20 20 8 48 

All patients 118 149 76 343 

Table 3. Distribution of relapses recorded among 343 patients in the Copenhagen Breast Cancer 
Trials 

Treatment ER+ ER- ER? Total Frequency 
group (%) 

Premenopausal and Tamoxifen 7 9 3 19 17 
menopausal Placebo 6 7 6 19 19 

Postmenopausal Tamoxifen 0 4 3 7 15 
DES 2 2 5 14 
Placebo 2 8 11 23 

Total 17 30 14 61 

Frequency (%) 14 20 18 18 

Table 4. Statistical estimation of median disease-free intervals (years) based on disease-free intervals in 
343 patients in the Copenhagen Breast Cancer Trials 

Treatment ER+ ER- ER? All 
group 

Premenopausal and Tamoxifen 6.1 7.7 15.6 8.3 
menopausal Placebo 7.7 7.7 7.5 7.6 

Postmenopausal Tamoxifen 8 4.7 3.9 9.7 
DES 7.9 13.9 10.2 10.8 
Placebo 13.3 3.5 17.0 6.5 

Table 2 shows the distribution of patients according to type of endocrine therapy and receptor 
status. 
Table 3 gives the distribution of recurrent disease recorded up to May 1978 according to treat
ment groups and receptor status; this shows that the overall frequency of recurrence is about 
14 % in the ER + patients, 20% in the ER - patients and 18% in the ER - unknown group. This 
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covers a total number of 61 cases of recurrence, with an average observation time of nearly 2 
years. 
Table 4 shows the statistical estimation of median disease-free intervals. It is not yet possible 
to draw any conclusion on correlations between the rate of recurrences and type of treat
ment. 
Before entry to the studies all patients are informed about possible side effects and nearly all 
patients have told the investigators immediately when these have occurred. Side effects have 
been mild or moderate and treatment has been discontiued in less than 10% of cases. It should 
be emphasised that the treatment is double blind and thus the analysis of side effects in relation 
to treatment cannot be finally evaluated. 

Discussion 

The Copenhagen Breast Cancer Trials were designed to improve the accuracy with which the 
response to endocrine adjuvant treatment can be predicted and to evaluate the efficiency and 
quality of such treatments. 
At present the preliminary results do not permit fmal conclusions. 
Results in the premenopausal group indicate that adjuvant treatment with tamoxifen is no bet
ter than placebo, regardless of the receptor status. 
In the postmenopausal grop, adjuvant treatment with tamoxifen seems to be effective in the 
ER + group. Furthermore, the ER - group seems to benefit from treatment with DES, which 
might support the observation by LIPPMAN (1978) that the effect of DES is not receptor
mediated. 
The median disease-free interval in the placebo-treated ER - group is short and is currently 
being tested for statistical significance. 
In the postmenopausal group, ER + tumours seem to be less aggressive than ER - tumours, ir
respective of treatment. 
The present results of the Copenhagen Breast Cancer Trials thus confirm our early pre
liminary results (PALSHOF et aI., 1977; 1978). 

Summary 

In an attempt to clarify the value of adjuvant endocrine therapy as an alternative to other 
treatment modalities, we have started two controlled, prospective, double-blind trials, the Co
penhagen Breast Cancer Trials. 
In these studies postmenopausal women are randomised after primary local treatment to 
treatment with DES, tamoxifen, or placebo. Premenopausal women are similarly randomised 
to receive treatment with tamoxifen or placebo. 
Entry to the trials was closed in March 1978, when 343 patients had entered the studies. The 
preliminary results indicate that postmenopausal patients with ER + tumours benefit from ad
juvant treatment with tamoxifen. 
Adjuvant treatment with DES seems to be effective in ER- postmenopausal patients. In 
postmenopausal patients the ER + tumors have a lower rate of recurrence. At present these 
preliminary results do not permit defmite conclusions. 
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28. Principles of Clinical Trials 

Ludwig Breast Cancer Study Groupl 

Ludwig Institut fiir Krebsforschung, Inselspital, CH-3010 Bern (Switzerland) 

Summary 

Proper design and conduct of a clinical trial requires the consideration of a set of principles. 
These principles include the collaborative effort, consideration of both a medical and a 
statistical plan, and development of a data network. The Ludwig Breast Cancer Study Group 
with international participants has been formed according to these principles. This represents 
an approach to clinical trials which is designed to maximize the scientific pay-off. The goal is 

The Study Group comprises: Drs. J. STJERNSWARD, C. JORDAN (Ludwig Institute for Cancer 
Research, Berne, Switzerland); M. ZELEN, K. STANLEY, R. GELBER, M. ISLEY (Frontier Science 
and Technology Research Foundation, Inc., Boston, USA); P. HELMAN, A. HACKING, A. L. 
BROWN, A. WHITE, A. C. HARRISON, E. DOWDLE (Cape Town Breast Cancer Group, Cape Town, 
South Africa); C. G. SCHMIDT, R. ZSCHABER, H. LUDWIG, R. CALLIES, L. D. LEDER (West 
Germany Cancer Research Center, Essen, Germany); C.-M. RUDENSTAM, E. CAHLlN, B. RIS
BERG, L. IVARSSON, O. RUUSVIK, L. MATTSSON, C.-G. BACKSTROM, S. DAHLIN, Y. HESSMAN, O. 
THOREN, M. SUURKULA, C. JOHNSEN (Swedish Western Breast Cancer Group, G6teborg, Swe
den); J. LINDTNER, J. NOVAK, M. NAGLAS, J. CEVEK, A. VODNIK, E. MAJDIC, P. MAVEC, R. 
GOLOUGH, J. LAMOVEC, S. SEBEK (The Institute of Oncology, Ljubljana, Yugoslavia); S. PARB
HOO, K. HOBBS, E. BOESEN, D. SKEGGS, B. STOLL, F. SENNANAYAKE, B. SCOTT (The Royal Free 
Hospital, London, England); K. GRIFFITH (Tenevus Cancer Institute, Cardiff, Wales, United 
Kingdom); N. DIEDERICH, M. DI CATO, F. SCHOETTER (Groupe Luxembourgeois de Chi
miotherapie, Luxembourg); H. CORTES-FUNES, F. MARTINEZ TELLO, F. CRUZ CARO, R. PEREZ 
CARRION, A. DIE GOYANES, A. MARAZUELA, B. L. MADRIGAL, 1. REQUENA, F. CALERO, J. LIZON, 
S. MALLAGRAY, P. ESPANA, R. INCHAUSTY, M. A. FIGUERAS (Madrid Breast Cancer Group, 
Madrid, Spain); 1. RUSSELL, M. A. SCHWARZ, J. F. FORBES, P. R. B. KITCHEN, R. C. BENNETT, E. 
GULI, R. REED, J. FUNDER (Anti-Cancer Council of Victoria, Melbourne, Australia), K. BRUNNER, 
H. COTTIER, A. ZIMMERMANN (Inselspital, Berne, Switzerland); F. CAVALLI (Ospedale San Giov
anni, Bellinzona, Switzerland); W.-F. JUNGI (Kantonsspital, st. Gallen, Switzerland); G. MARTZ 
(Kantonsspitai, Zurich, Switzerland); P. SIEGENTHALER (H6pital des Cadolles, NeucMtel, Swit
zerland); M. H. N. TATTERSALL, R. Fox, R. WOOD, D. GLENN, F. NIESCHE, R. WEST, S. 
RENWICK, D. GREEN, J. DONOVAN, P. DUVAL, T. JELIHOVSKY, Z. KRONOWSKI (Ludwig Institute 
for Cancer Research, Sydney, Australia); J. S. SIMPSON, E. C. WATSON, C. T. COLLINS, A. J. 
GRAY, J. W. LOGAN, J. J. LANDRETH, L. HOLLOWAY, P. CAIRNEY (Wellington Hospital, Wel
lington, New Zealand). 
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to determine the optimal treatment for every identifiable prognostic subgroup of pa
tients. 

Introduction 

A well-conducted clinical trial provides great potential for the advancement of medical 
science. Far too often, however, small or poorly designed trials are started, which not only dis
sipate the resources of society and the scientific community, but may also be mislead
ing. 
The Ludwig Breast Cancer Study Group was created in January 1977 to search for optimal 
adjuvant therapies in operable breast cancers. The group includes members from Melbourne 
and Sydney, Australia; London and Cardiff, United Kingdom; Essen, Germany; the Grand 
Duchy of Luxembourg; Wellington, New Zealand; Capetown, Port Elizabeth, and East 
London, South Africa; Goteborg, Sweden; Berne, Tessin, Neuchiitel, St. Gallen, and Zurich, 
Switzerland; and Ljubljana, Yugoslavia; recently centres in Madrid, Spain joined the group. 
Patients are entered centrally via the Coordinating Centre in Switzerland by means of 
telephone or telex facilities. The Statistical Centre is located in Boston. This organisational 
structure emphasises the flexibility of communications available to current clinical re
search. 
Localisation of a clinical trial is no longer necessary. It is possible to devise a system that 
makes it almost as easy to conduct a multinational trial as a single-institution study. 
This group has activated a series off our related studies based upon the principles given in Ta
ble 1. The application of these principles in the development of the studies is discussed in the 
later sections of this paper. 

Collaborative Effort 

It must be ensured that sufficient accrual can be raised to answer the medical question within a 
realistic time. We know from our observations that many individuals enhance their research 
funding opportunities by conducting small trials. Unfortunately, such trials are potential 
sources of false-positive or false-negative results. In a recent analysis (FREIMAN et aI., 1978), 

Table 1. Principles of Clinical Trials 

Collaborative effort 

Medical plan 

Review of recent results 
Control arm selection 
Key study questions 
Sub-group considerations 

Statistical plan 

Decisive study end point results - positive or negative 
Accrual in 2-3 years 

Data network 
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in 94% of a set of "negative" trials (67 of 71 studies) the risk of missing a true 25% therapeutic 
improvement was over 10%. Clinical research should be based upon reproducibility of 
results. 
The value of a collaborative effort in clinical trials is evident. Advantages include stan
dardisation of the criteria of disease, end point evaluation, and application of therapy; the ex
istence of a forum for discussion and evaluation of the latest progress in therapy; and the op
portunity to make a substantial scientific contribution. There are a great many instances 
where defmitive progress towards an objective can only be made by a cooperative group. The 
Ludwig Breast Cancer Study Group is a true cooperative group, working in line with the prin
ciple "one for all and all for one". 
When resources are pooled, a trial will give new information on the biology of the disease. The 
outcome of the therapeutic effect of the different treatment arms may perhaps be oflesser im
portance than the new information about the disease that can be gained by additional studies, 
whether in the laboratory, by pathology, or in vivo. Against the background of a large, well
controlled, clinical study where work-up, therapy and follow-up have been standardised, it 
may be useful to do extra studies where the effort is rewarded by the possibility of adding to the 
knowledge of the disease. 

Medical Plan 

A clearly written scientific planning document is the cornerstone of any scientific inves
tigation. This document and the associated data forms ensure standardisation as to the entry 
of patients, application of therapy, evaluation, and monitoring: it also provides the basis for 
reproducibility, an essential element of a clinical trial. It is important that biostatisticians and 
clinicians work together before a clinical trial is activated, so that the biological background 
and hypothetical therapeutic differences can be interfaced with the statistical plan and 
analysis objectives. 
Determination of the treatment arms is a fundamental step. The evaluation of treatments re
quires a control or standard arm to serve as a basis for comparisons. Thorough research and 
evaluation of previous results is required before a study design is conceived, inclusion of the 
best-known-therapy arm being a moral requirement. Next, the question of importance must 
be determined. The initiation of a study without a "burning question" is also a dissipation of 
resources. The medical question should dictate the therapy arm to be compared with the stan
dard or control arm, not vice versa. All too often, therapy arms developed in a collaborative 
effort suffer from too much arbitration and result in a trial where the therapeutic regimens are 
quite similar. Scientific progress from such trials is minimal. 
Many patients are not suitable for answering a particular question efficiently, and thereby 
may dilute the trial. Selection of the appropriate category of patients is dependent upon the 
question raised and is further complicated by the necessity of including sufficient numbers of 
patients in the sub-group for the results to be conclusive. The earlier published trials on 
ovariectomy and breast cancer and the interpretation of these trials may stand as examples of 
this phenomenon. Ovariectomy is said not to affect survival, perhaps "only" to give a 
prolongation of the disease-free interval following surgery. There may be a sub-group of pa
tients in whom hormone therapy actually prolongs survival, but who are diluted by non
responders and cannot be identified. From our current knowledge, it can be estimated that of 
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100 patients, 40% would be premenopausal and 60% postmenopausal. Thirty percent of pre
menopausal and 60% of postmenopausal patients have tumours that are positive for oestro
gen receptors (ER +). In each category, approximately 50% of ER + tumours will respond to 
hormone therapy. This gives 6 and 18 patients in each group, respectively, who will respond. 
The responders may well not be identified in a large clinical study unless the important factors 
are taken into account. 
Results from controlled studies have shown that both adjuvant hormone therapy (COLE, 
1968; NISSEN-MEYER, 1967; RAVDIN et al., 1970; MEAKIN et al., 1977) and single-agent or 
multiple-drug chemotherapy (NISSEN-MEYER et al., 1978; FISHER et al., 1975; FISHER et al., 
1977; BONADONNA et al., 1977) may significantly decrease the early disease relapse rate over
all or in sub-groups of patients with operable breast cancer and histologically positive lymph 
nodes. In two studies, the long-term survival rate was improved by chemotherapy (NISSEN
MEYER et al., 1978) or by hormone therapy in a sub-group of premenopausal women over 
45 years of age (MEAKIN et al., 1977). 
Results demonstrate that the same adjuvant chemotherapy is more efficient in premeno
pausal patients than in those who are postmenopausal (FISHER et al., 1977; BONADONNA et 
al., 1977). CMF medication produced amenorrhoea in 78% of premenopausal patients 
(BONADONNA et al., 1977). The relapse rate was lower in premenopausal women with CMF
induced amenorrhoea (10%) than in premenopausal CMF-treated patients without amen
orrhoea (27%). 
A synergistic effect of simultaneous cytotoxic chemotherapy and hormone therapy has been 
demonstrated in advanced breast cancer (BRUNNER et al., 1977; AHMANN et aI., 1977). 
A tendency to better results in premenopausal patients was found when chemotherapy was 
combined with ovariectomy. The combined-modality treatment was associated with longer 
remission and survival. It is thus possible that combined hormone and chemotherapy may be 
biologically superior to either treatment modality alone. 
Several options, such as alternative non-cross-resistant drug combinations, prolongation of 
adjuvant therapy, intensified chemotherapy, radiotherapy (STJERNSWaRD, 1977), and im
munotherapy, were considered at the group meeting. However, it was decided to explore the 
role of hormone therapy in combination with chemotherapy, which can potentially bring 
about a therapeutic improvement with a relatively small increase in morbidity. Patients would 
be treated according to hormonal age, pooling premenopausal and perimenopausal patients. 
Furthermore, premenopausal and perimenopausal women would be divided into two groups 
according to nodal status: those with one to three positive nodes, in whom CMF is apparently 
effective, and those with four or more positive nodes, for whom a more efficient therapy than 
CMF must be sought. 
The schema of the four studies activated by this group is presented in Fig. 1. No data are avail
able to show any benefit of adjuvant therapy in the postmenopausal patients. Therefore, a 
control group is essential. Further, it was decided that cytotoxic therapy was not justified for 
patients between 66 and 80 years of age, but that the effect of tamoxifen should be eval
uated. 
The Study Group is one of the few groups, if not the only one at the moment, that - thanks to 
the accrual- can not only stratify breast cancer patients with positive operable lymph nodes 
according to some known prognostic factors, such as age, menstrual status, and number oftu
mour-involved lymph nodes, but also treat them specifically. This is a first step towards the fu
ture, when probably further factors, such as hormone-receptor status of the primary tumour, 
will also be used for the design of selective therapy for identifiable sub-groups of patients with 
varying prognosis, so as not to over- or undertreat our patients. 
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Project Title: Search for optimal adjuvant therapies, combining hormone and chemotherapy, in 
operable breast cancer. 

Patient Population: Patients with histologically proven breast cancer who undergo surgical treatment, 
total mastectomy plus axillary clearance or modified radical mastectomy, and are classified post
surgically as T 1 A or B' T2 A or B' T3 A N( + )M"o'" 

Patient Entry: Patients are entered into the study following surgery but before the end of the 6-week 
postoperative period. 

Scheme I: 

Scheme II: 

Scheme III: 

Scheme IV: 

After Surgery 

Pre- and perimenopausal, 
1-3 nodes positive 

Pre- and perimenopausal, 
4 or more nodes positive 

Postmenopausal, 
at least 1 node positive, 
65 years or younger 

Randomization 

< CMF 

CMF P 

<eMFP 
Ovariectomy + CMF P 

./ Observation 

~CMFP+TAM 

P+TAM 

Postmenopausal, at least 1 node 
positive, 66 to 80 years < Observation 

P+TAM 

C, cyclophosphamide 
M, methotrexate 
F, 5-fluorouracil 
P, prednisone 
TAM, tamoxifen 

100 mg/m2 p.o. days 1 through 14 of each cycle 
40 mg/m2 i.v. on days 1 and 8 of each cycle 
600 mg/m2 i.v. on days 1 and 8 of each cycle 
7.5 mg/day p.o. (5 mg a.m., 2.5 mg p.m.) 
20 mg p.o. once daily 

Fig. 1. Ludwig breast cancer studies I, II, III and IV, activated 1 July 1978. 

The Statistical Plan 

Small trials may create situations in which poor therapies are accepted for further study or 
promising therapies are dropped. The flrst type of error is of signiflcant concern but it is prob
able that the true situation will be realised during the prolonged use of the therapy. The latter 
error, however, is of crucial importance. A promising therapy may not be adequately tested 
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Table 2. Entry of patients in multinational trial conducted by LUDWIG BREAST CANCER STUDY 
GROUP 

Premenopausal, 1-3 (+) nodes 

Premenopausal, 4 or more (+) nodes 

Postmenopausal 

Table 3. Median time to recurrence (in years) 

1-3 (+) nodes 
4 or more (+) nodes 

Overall 

Premenopausal 

2.9 
1.3 

2.3 

Estimated number 
of patients 
per year 

156 

84 

360 

Postmenopausal 

6.9 
2.0 

4.4 

Estimated number 
of patients per 
treatment arm 
per year 

78 

42 

120 

and may subsequently be shelved. It may be years before it is brought back for a retest and 
the situation corrected. 
The entry of patients should not continue for more than 2Y2-3 years, at the most. If studies 
drag on, the results of other trials may lead to strong pressure to change the on-going study or 
even make it unethical to continue. Furthermore, new findings, such as hormone receptor sta
tus, make it logically desirable to use these parameters as soon as possible, not only for stratifi
cation but also for selection of therapy, to avoid overtreatment or undertreatment of the pa
tients. 
The objective of our breast cancer study was to compare the various therapy regimens with 
regard to the disease-free interval. It is assumed that an increase of 50% or more in the median 
time to recurrence would be a medically significant finding, and that any less pronounced 
change would not be of sufficient interest to warrant the large number of patients necessary 
for the evaluation. This trial is designed to give a high likelihood (probably of at least 0.90) that 
an increase of 50% in the median time to recurrence will be detected, if such a difference really 
exists. What this means to the investigator is that whether positive or negative, the trial results 
will be conclusive. 
It is estimated that 600 suitable patients will be assigned to the studies per year. Roughly 
speaking, the entry of the patients shown in Table 3. 
The following data (FISHER et aI., 1977) and the assumption of an exponential recurrence rate 
were utilised in the determination of the necessary sample size. 
The sensitivity of a clinical trial to detect differences depends on two factors: the number of 
patients and the length of follow-up. With more patients entered, a shorter follow-up is needed, 
and when fewer patients are entered a longer follow-up is necessary. 
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Table 4. Probability of detecting a 50% increase in 
median time to recurrence 

Years of Years of patients entry 
follow-up 

lY2 2 2Y2 

0 0.30 0.44 0.57 
1 0.50 0.65 0.76 
2 0.59 0.76 0.86 
3 0.72 0.84 0.91 

L. B. C. Study Group 

For the premenopausal patients with one to three positive nodes the probability of detecting a 
50% increase in the median time to recurrence (based upon a one-tailed statistical test with 
P = 0.05), assuming an accrual of 78 patients per arm per year is given in Table 4. 
It is evident that 2Y2 years of accrual (a total of 195 patients per arm) succeeded by 2-3 years 
follow-up will be necessary. 
Similar calculations for the remaining studies indicate that they will each require 2-3 years of 
accrual succeeded by 2-3 years of follow-up to achieve the desired precision. 

Data Network 

Timely collection of the required data is an essential element of a clinical trial that is often ne
glected. The establishment of an effective data-flow network should be part of the protocol 
style document. The role of the computer as an integral part of the conduct of a large modern 
clinical trial includes both the monitoring of the trial and the analysis ofthe results. Computer
generated data requests and status lists help to maintain a continuous data flow. 
In the past few years the science of conducting clinical trials has advanced to the age of spe
cialisation. Each participant in the Ludwig Breast Cancer Study Group has an identified 
"data manager" - a new concept to many investigators. This individual is responsible for en
suring that all forms are submitted punctually, and also responds to data or clarification re
quests from the group data manager at the Statistical Centre. Much of the data collection and 
processing does not require physician handling. An individual with a medical background and 
an aggressive attitude towards accurate data collection is a valuable component in the 
conduct of a clinical trial. 

Discussion 

The international resources pooled by the Ludwig Breast Cancer Study Group create a 
structure with the potential for significant contribution in the search for the role of adjuvant 
therapy in operable breast cancer. A view of the entire clinical trial process, with primary con
sideration given to the eventual analysis of results and subsequent impact on therapy, allows 
evaluation and permits a proper perspective to be given to aspects of the medical and 
statistical plan. The formulation of an efficient mechanism to perform these trials requires an 
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exchange of ideas between the physician and biostatistician, and also demands specialisation 
and delineation of areas of responsibility. 

Summary 

Consideration of a set of principles is a necessary background to the correct design and con
duct of a clinical trial. This involves planning of the collaborative effort, setting up of both a 
medical and a statistical plan, and the development of a data network. The Ludwig Breast 
Cancer Study Group has been formed on an international basis according to these principles. 
This approach to clinical trials is designed to maximise the scientific pay-off. 
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Introduction 

It is well established that the hormonal milieu ofthe patient significantly influences the growth 
rates of certain breast tumors. Clinical observations since the turn of the century indicate that 
25%-40% of breast cancers respond to the surgical removal of hormone-producing glands 
such as the ovaries in the premenopausal woman or the adrenals in the postmenopausal pa
tient. Administration of pharmacologic doses of estrogens and androgens also may bring 
about breast tumor remissions. 
An obvious problem for the surgeon or oncologist treating the breast cancer patient has been 
to identify the individual most likely to respond to endocrine manipulation. Until recently, 
clinical factors such as previous response to hormone therapy, disease-free interval, age and 
menopausal status, and location ofthe dominant metastatic lesion were the principal criteria 
for selecting therapeutic regimens for these women. 
Investigations during the past decade have elucidated the mechanism by which steroid 
hormones influence the differentiation and development of target organs (e.g., JENSEN et al., 
1974; WITTLIFF, 1975; BULLER and O'MALLEY, 1976). A prerequisite for responsiveness ap
pears to be a cellular protein termed the steroid receptor or steroid binding protein. Receptor 
proteins are found in a variety of concentrations (500-20,000 binding sites) in target cells but 
are virtually absent in nontarget tissues. An important property is that the steroid hormones 
associate with their characteristic receptor protein in a manner exhibiting high affinity and li
gand specificity. Since the original report of FOLCA and co-workers (1961) indicating a 
greater uptake oflabeled hexestrol by breast tumors of patients showing a response to ablative 
therapy, numerous studies (e.g., JENSEN et al., 1971; WITTLIFF, 1974; MCGUIRE et al., 1975) 
have shown that approximately one-half of all biopsies of malignant breast tumors contained 
estrogen receptors. Furthermore, 55%-60% of the patients exhibiting estrogen receptors 
were responsive to hormone therapies of the additive or ablative types. The use of this single 
biochemical criterion by the physician has increased by two- or threefold the accuracy of se
lecting an endocrine manipulation likely to produce an objective remission in the patient with 
advanced breast cancer. 

Mechanism of Interaction with Target Cells 

Our current understanding of the sequence of events which follows the interaction of a steroid 
hormone with a target cell (Fig. 1) evolved from the original "two-step mechanism" suggested 
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Fig. 1. Proposed interrelationship of estrogen and progestin receptors. The cytoplasmic form ofthe re
ceptors is designated as ERo the nuclear form as ERN' the progestin receptors as PRe and the 
estrogenic hormone as E 

independently by GORSKI and co-workers (1968) and by JENSEN and colleagues (1968). 
These workers utilized uterine tissues from rodents for these early studies. Investigations from 
the authors' laboratory suggest that similar cascade of events exists in normal and neoplastic 
mammary cells. Steroid hormones are transported in the plasma compartment by a number 
of proteins including albumin, testosterone-estradiol-binding globulin, each with a char
acteristic affinity and capacity. The unbound steroid enters the cell apparently by passive dif
fusion and combines with its specific receptor protein in a reaction termed uptake (Fig. 1). 
Prior to translocation into the nucleus, the steroid-receptor complex must undergo an 
activation step (PARK and WITTLIFF, 1977). After it enters the nucleus, the steroid hormone
receptor complex associates with the chromatin in an event called retention. This interaction 
stimulates RNA synthesis resulting in the formation of certain breast cell proteins. Thus the 
steroid receptor appears to be a prerequisite for responsiveness to hormonal perturbations; in 
its absence alterations in macromolecular synthesis do not occur at physiologic hormone con
centrations. Normal breast cells contain specific binding proteins for estrogen, progestins, 
glucocorticoids and androgens of variable quantities depending upon the stage of mammary 
gland differentiation (WITTLIFF, 1975). 

Properties of Estrogen Receptors in Human Breast Carcinoma 
and Their Clinical Significance 

The concept underlying endocrine therapy is that certain tumors have retained the cellular 
mechanism to respond to the same hormonal stimuli as their normal progenitor cells. Only re
cently it was demonstrated that the presence of estrogen receptors provide a molecular basis 
for the distinction between human breast carcinomas that are responsive to hormonal therapy 
or to endocrine organ ablative surgery and those which are not (e.g., JENSEN et aI., 1971; 
WITTLIFF, 1974; MCGUIRE et aI., 1975). 
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Steroid receptors have been estimated in a variety of hormone target organs using methods 
ranging from administration in vivo oflabeled steroid to procedures in vitro (e.g., FOLCA et al., 
1961; JENSEN et al., 1975; WITTLIFF, 1975). Two methods have proven useful for the 
determination of estrogen and progesterone receptors in human breast carcinomas by the 
clinical chemist. The titration procedure (Figs. 2 and 3), which utilizes dextran-coated 
charcoal to remove the unbound steroid from that associated with the intracellular receptor, 
provides a measure of the binding capacity and the affinity. Usually binding capacity is 
expressed as femtomoles oPR -labeled steroid bound per mg cytosol protein. It is generally ac
cepted that less than 3 fmol/mg cytosol protein represents a quantity of estrogen binding sites 
usually correlated with the lack of response of a breast cancer patient given endocrine therapy 
(MCGUIRE et aI., 1975; 1978). Although there appears to be a "borderline" range of values 
from 3 to 10 fmol/mg cytosol protein, estrogen binding capacities of > 10 fmol of estrogen 
bound apparently represent a "receptor positive" tumor. Estrogen binding capacities ranging 
from 3 to 2500 fmol/mg cytosol protein have been observed in the authors' laboratory. It is re
commended that quantitative values of both estrogen and progestin receptors be reported in 
order to develop the relationship between specific binding capacity of a tumor biopsy and a 
patient's response to endocrine manipulation. 
Typical titration curves of estrogen and progestin binding sites are seen in Figs. 2 and 3. To 
determine specific binding the analyses must be performed in the presence of a competitive 
inhibitor of the association of 3R-ligand with the receptor. We routinely use unlabeled 
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Fig. 2. Titration analysis of estrogen receptors in human breast carcinoma. A Aliquots CO. 1 ml) of cy
tosol prepared from a frozen powder of human breast tumors were incubated in triplicate with 0.1 ml 
[3Hl estradiol-17 f3 solutions in homogenization butTer containing increasing amounts of radioactive li
gand either in the absence ce) or presence CO) of a 200-fold excess of diethylstilbestrol. Specific binding 
C-) was estimated as the difference between total binding and binding in the presence of the competi
tor. B The titration data from A were plotted according to the method of Scatchard. The dissociation 
constant CKd) determined from the slope of the curve was 2.1 x 10-10 M for this preparation. The bind
ing capacity of the estrogen receptor complexes was estimated from the intercept on the abscissa and 
gave a value of 198 fmol/mg cytosol protein 



Establishment of Uniformity in Steroid Receptor Analyses 

12 

10 

A 

/ 
/ / ~-r---//------

l 
~ 

2 4 6 B 10 12 
[3H-R5020l x 10~ 

201 

B 

0.10 

O+-----~----~--~~ 
o 50 100 150 

PH1-R5020 BOLl'lD 
(fmole/mil 

Fig. 3. Titration analysis of progestin receptors in human breast carcinoma. A Aliquots of cytosol were 
prepared and analyzed as described in Fig. 2 except that (3H]R5020 was used in the absence (e) or pres
ence (0) of unlabeled R5020. Specific binding (_) was calculated similarly. B When the specific bind
ing data from A were plotted according to the method of Scatchard, a Kd value of 1.1 x 10-9 M and a 
specific progestin binding capacity of 74 fmol/mg cytosol protein were estimated 

diethylstilbestrol in a 200-fold excess since this competitor associates with the estrogen 
receptor with a Kd ~ 10-9 M. Another important advantage of using this compound as an in
hibitor is that it has a low affinity for sex-steroid binding proteins of plasma which may con
taminate cytosol preparations binding proteins of plasma which may contaminate cytosol 
preparations from human breast tumors. Generally, the dissociation constant of estrogen
receptor complexes ranges from 10-10 to 10-11 M, indicating a high affinity. Our experience 
indicates the titration assay is equally useful for the clinical determination of receptors for pro
gestins, glucocorticoids and androgens in human breast tumors as long as consideration of 
the [3H] ligand is given. 
The sucrose gradient method which separates the various forms of the steroid receptors 
assesses certain molecular properties of those proteins in a tumor extract (Fig. 4). Using this 
method, it has been determined that the sedimentation profIles of both estrogen and progestin 
receptors in human breast carcinomas fall into four general categories (JENSEN et al., 1971; 
WITTLIFF, 1974; HORWITZ and MCGUIRE, 1975; WITTLIFF et al., 1977). These are tumors 
which contain specific steroid binding components migrating at either 8-s, 4-s, or both 8-s and 
4-s (Fig. 4) and those in which receptors are undetectable. A more accurate estimation of the 
sedimentation coefficients of these molecular forms has been made using a number of marker 
proteins. From these data the higher molecular weight species of the estrogen receptor 
sedimented at 7.6-8.1-s while the lower molecular weigth form sedimented at 4.0-4.6-s 
under conditions of low ionic strength. Occasionally we have observed specific estrogen 
binding components sedimenting at < 4-s under these same conditions. Some investigators 
have used the sucrose gradient method to quantitate the steroid binding capacity of human 
breast tumors (WITTLIFF et al., 1972; JENSEN et al., 1975). When a saturating concentration 
of [3H] ligand as well as an excess of a competitor are used in this assay, the estimation of spe-
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Fig. 4. Sucrose gradient separation of estrogen and progestin (R5020) receptors in human breast carci
noma. Tumor cytosol was reacted either with [3Hlestradiol (A) or with [3H1R5020 (B) for 4 hat 3° C in 
the presence (0) or absence (e) of a 200-fold excess of unlabeled competitor. Note the presence of both 
8-s and 4-s forms of these steroid receptors in the single breast carcinoma analyzed 

cific binding capacity is in good agreement with that determined by the titration analyses 
(WITTLIFF and SAVLOV, 1975). 
In 1969 the principal author and his co-workers began a longterm study to examine the origi
nal hypothesis set forth by JENSEN and colleagues (1967; 1971) that the presence of specific 
estrogen binding components in breast carcinomas was predictive of a patient's response to 
endocrine therapy. Using sucrose gradient separation of specific estrogen binding proteins in 
cytosol fractions of biopsies of primary and metastatic breast carcinomas, four types of 
receptor profiles have been demonstrated as discussed earlier. The majority of breast tumors 
containing estrogen receptors exhibited either the 8-s species alone or both the 8-s and 4-s 
forms (Fig. 4). From 10% to 15% of breast carcinomas contained only the 4-s type of estrogen 
receptor using sucrose gradients of low ionic strength (WITTLIFF, 1976). In spite of the 
differences in sedimentation properties, the ligand binding specificities and affinities of the 8-s 
and 4-s species of estrogen receptors were similar. The fourth category comprising ap
proximately half of the infiltrating ductal carcinomas ofthe breast examined were those that 
did not contain any type of estrogen binding component. 
A summary of our results relating a breast cancer patient's response to endocrine therapy 
with the presence of specific forms of the estrogen receptors in breast tumor biopsies is 
presented in Table 1. No objective remissions have been observed in patients with advanced 
breast carcinoma who had tumor biopsies which were estrogen receptor negative regardless 
of the type of hormone therapy administered (WITTLIFF et ai., 1978). This correlation is far 
better than that reported for the collective results presented at the International Workshop 
(MCGUIRE et al., 1975). Approximately 75% of the patients administered various types of 
hormone therapy in which the biopsies contained either the 8-s species alone or both the 8-s 
and 4-s forms of estrogen receptors exhibited objective remissions. As indicated by the foot-
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Table 1. Relationship between response to endocrine therapy and the presence 
of estrogen receptors in tumor biopsy 

Objective remissions according to estrogen 
receptor species in tumor 

Endocrine 8-9s 4-5s Undetectable 
therapy' 8-9 sand 4-5 s 

Ablative 17/21 1/8 0/11 
Additive 16/23 3/15 0/33 

Total 33/44 4/23 0/44 

• Nine additional patients exhibited remissions but had unclassified estrogen re
ceptor-positive tumors; 5 responded to estrogen, 3 responded to androgen 
therapy, and one responded to oophorectomy (Adapted from WITfLIFF et al., 
1978). 
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note to Table 1, nine additional patients exhibited remissions to endocrine therapy whose tu
mors were examined only by titration analysis, the molecular forms of estrogen receptors in 
these specimens were not distinguished. Of 23 patients whose tumors contained exclusively or 
predominantly the 4-5-s forms of estrogen receptors and who were administered hormone 
therapy only four responded objectively. These data suggest that these molecular forms of es
trogen receptors in human breast cancer have clinical significance. 
Our earlier results clearly showed that the 8-s estrogen receptor oflactating mammary gland 
was composed of at least two components each with different ionic properties as measured by 
DEAE-cellulose chromatography (WITTLIFF et al., 1978). Unlike normal mammary cells, the 
8-s estrogen receptor of human breast tumors separated into a variable number of com
ponents each with different ionic properties (KUTE et aI., 1978). Furthermore, the 4-s estrogen 
receptor of human breast tumors also separated into at least two components each with differ
ent ionic properties. These data indicate the estrogen receptors of human breast cancers 
exhibit molecular heterogeneity. They also suggest that the molecular properties of estrogen 
receptors in human breast biopsies may be related to clinical responsiveness of patients given 
hormonal manipulations. In contrast to endocrine responsive tumors, ALLEGRA et a1. (1978) 
suggested that breast cancer patients with estrogen receptor negative tumors showed an 
increased response rate to cytotoxic chemotherapy. Thus both the quality (integrity) and 
quantity (number of binding sites) of estrogen receptors appear to be important as predictive 
indices when the oncologist is faced with the selection of a therapy likely to produce an 
objective remission. These latter considerations clearly impose a requirement for rigid quality 
control of steroid receptor analyses in the clinical laboratory. 

Establishment of Uniformity of Steroid Receptor Analyses 

An extensive problem for the clinical cheInist has been the lack of uniformity in the methods of 
receptor analyses in the clinical laboratory and in the expression of specific steroid binding 
data. Certain clinical cooperative groups, namely the National Surgical Adjuvant Breast Pro
ject (NSABP) with headquarters at the University of Pittsburgh and the Southeastern Cancer 
Study Group (SECSG) with headquarters at the University of Alabama have initiated 
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experimental therapeutic protocols requiring analyses of estrogen and progestin receptors of 
breast tumors. Thus the establishment of assay uniformity and quality control is imperative to 
insure meaningful correlations between laboratory results and clinical response. 
Firstly, we have generated a number of tissue reference powders composed of various 
quantities of frozen, pulverized organs such as uterus, breast, muscle, and liver as well as cer
tain types of sera (e.g., of pregnancy). Breast tumors also were added to certain powders. Each 
of these reference powders is formulated in such a manner to contain different combinations 
of estrogen and progestin receptors, i.e., estrogen receptor positive, progestin receptor 
negative; estrogen receptor positive, progestin receptor positive, etc. Routinely, a laboratory 
from an institution participating in the cooperative trial is sent a set of four tissue powders 
frozen in dry ice. The laboratory analyzes these using "in house" methodology and returns the 
results to the headquarters of the NSABP or of the SECSG for comparison with data 
generated by other laboratories in the Cooperative Group and by the Reference Laboratory. 
Presently, we have developed 95% confidence intervals of the specific steroid binding 
capacities of each powder using the titration analysis and dextran-coated charcoal. These 
data provide preliminary guidelines regarding the determination of agreement of assay results 
among the laboratories of the Cooperative Groups (see Table 2). As our program improves, 
we plan to develop tolerance limits which appear to more accurately express agreement in sta
tistical terms. The dextran-coated charcoal procedure appears to be the most widely utilized 
for estimating estrogen and progestin receptors of human breast tumors by clinical lab
oratories in the United States and Canada. 
Furthermore, if a laboratory used by a member of the NSABP or of the SECSG needs 
assistance with the development of a receptor procedure or with the modification of an 
established method, our laboratory also accomodates them either at the University of 
Louisville or at their institution. Thus far, we have participated in the establishment of 
uniformity in steroid receptor analyses in more than one hundred laboratories in North 
America [55 laboratories used by NSABP institutions; 15 laboratories used by SECSG 
institutions; 36 laboratories not participating directly in clinical trials (including commercial 
institutions)] and in the development of steroid receptor reference facilities at the University of 
Diisseldorf in West Germany and at the University of Innsbruck in Austria. 
An important consideration every laboratory contributing data to a cooperative treatment 
trial must evaluate is the extent of variability expected in steroid receptor analyses. To 
determine the amount of variation we suggest that each person measuring steroid receptors in 

Table 2. Criteria for agreement of results from ste
roid receptor analyses of reference powders by in
stitutions of the NSABP and the SECSG 

1. All (+) 
2. 3 (+), 1 (±) 
3. 2 (+), 2 (±) 
4. 1 (+), 3 (±) 
5. All (±) 

(+), within 95% confidence interval; 
(±), outside 95% confidence interval 

but agreement on receptor status; 
(-), nonagreement. 
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Table 3. Analyses of estrogen receptors in reference powders used to establish 
uniformity of these assays in clinical trials 

Reference powders 

Technician No.1 No.2 No.3 

1 262 ± 15a 189 ± 48 59 ± 6 
2 208 ± 11 149 ± 9 70 ± 9 
3 227 ± 18 138 ± 3 63 ± 5 
4 234 ± 18 181 ± 8 74 ± 5 
5 190 ± 31 153 ± 6 65 ± 3 

a Mean ± standard error of three determinations expressed as fmoVmg cytosol 
protein. Specific estrogen binding capacity was determined by titration 
analyses using the dextran coated charcoal procedure. 
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a clinical laboratory estimate the receptor content on a series of tissue reference powders us
ing at least three titration analyses. 
The results of such an experiment whereby five different individuals performed three separate 
estrogen receptor analyses on three different tissue reference powders is shown in Table 3. The 
random variation within the powders determined from the data in Table 4 was 30.4 fmoVmg 
cytosol protein for this particular experiment. Surprisingly the amount of variation in the re
sults estimated between the five individuals participating in this experiment was less than the 
amount of random variation expected, i.e., 10.7 fmoVmg (the other source of variance came 
from within the powders, 30.4 fmoVmg) cytosol protein. These types of data are useful in 
bringing about quality control within a laboratory. We recommend that each facility analyz
ing steroid receptors in clinical material develop a tissue reference powder for daily monitor
ing of procedures. Because of the lability of these intracellular proteins, the selection of a tissue 
for preparation of the reference powder is critical. We have had good experience with calf 
uterus frozen in liquid nitrogen shortly after removal and pulverized while in the frozen state. 
The advantage of a tissue powder over a reference cytosol or a lyophilyzed tissue is that it per
mits evaluation of the homogenizing procedure, clearly a critical step in the quantification of 
steroid receptor analyses. 
In summary, it is generally accepted that estrogen and progestin binding capacities of tumor 
biopsies be included with other criteria used in the selection of endocrine therapies for the pa
tient with advanced breast cancer. Data from the authors' laboratory and those of other inves
tigators suggest that a new generation of clinical tests performed directly on the tumor 
specimen will not only provide information on the response potential (binding site levels) of a 
carcinoma but will access the quality and possibly the duration of the remission. 
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VIII. Anti-Oestrogen Treatment III Breast Cancer -
A Comprehensive Review 

30. Clinical Experience with Tamoxifen in Advanced Breast Cancer 

B. A. Stoll 

St. Thomas' Hospital, Department Oncology, London SEl 7EH (U.K.) 

The discussion on clinical experience with tamoxifen concentrated on 18 questions answered 
by a panel, which reached the following conclusions: 

1) What is the Response Rate to Tamoxifen and the Duration of Response? 

When tamoxifen is used as the first method of systemic therapy in advanced breast cancer, ob
jective evidence of tumour regression (over 50% decrease in size) occurs in about 30%-35% 
of cases overall, and complete regression occurs in about one-third of these cases. When it is 
used as secondary therapy, the objective response rate is lower - only about 20%-25%. The 
mean duration of response reported is 9-15 months in large series, and many of the patients 
on whose experience this is based were still alive at the time of the reports. Remissions of 
3-4 years are not uncommon. In addition to objective regression of the tumour, a subjective 
response Occurs in about 60% of patients treated. It includes a general feeling of well-being, in
creased appetite and weight, and relief of bone pain even without recalcification of bone me
tastases. The cause of the last observation is not known. 

2) What is the Optimum Dosage Level for Tamoxifen in Breast Cancer? 

Pharmacokinetic mechanisms of tamoxifen in man need further investigation. Early reports 
suggested that 40 mg tamoxifen daily yielded a higher response rate than did 20 mg daily, but 
this was not confirmed in later reports. The avoidance of unnecessarily high dosage of 
tamoxifen - as used by some trialists - may be particularly important when it is used for long
term adjuvant therapy, and it might be advisable to adjust the dosage according to the body 
surface. Further clinical trials are necessary to clarify this point, and also to correlate oral in
take of the drug with circulating levels in the blood. Furthermore, we need more information 
on how to fractionate drug dosage over the 24 h, because it appears that tamoxifen has a fairly 
long half-life in the blood. 

3) What is the Correlation Between Response to Tamoxifen and Previous Treatment? 

It is not certain whether response to tamoxifen is more likely after previous failure of 
hormonal therapy or after failed cytotoxic therapy, but both occur in a small proportion of 
cases. A degree of case selection obviously accounts for the divergent results published. 
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However, most reports agree that there is about a 60% likelihood of response to secondary 
tamoxifen therapy after objective response to another form of hormonal therapy has been 
lost. Response to tamoxifen therapy may occur even when high-dosage oestrogen therapy or 
hypophyseal ablation no longer control the disease, but it is better given before these methods, 
because it is just as effective and its morbidity and side effects are less. The few available re
ports suggest that response to oestrogen therapy is unlikely after loss of response to tamoxifen 
therapy. 

4) What is the Correlation Between Response to Tamoxifen and Age Group? 

Age is also an important factor in the prediction of response to tamoxifen therapy. The 
response rate rises with increasing age, being less than 30% up to the age of 5 5 but about 50% 
after the age of70. When the response rate is assessed in relation to the menopause, it is about 
20% in the first 5 years after the menopause, 30% between 5 and 10 years after the 
menopause, and over 40% in patients in whom the menopause has occurred more than 
10 years previously. Like high-dosage oestrogen therapy, tamoxifen shows its best results in 
the elderly patient with slow-growing soft-tissue involvement from breast cancer. 

5) What is the Correlation Between Response to Tamoxifen and Site of Metastasis? 

There is universal agreement that tamoxifen therapy shows its highest response rate in the 
case of soft-tissue involvement - advanced primary breast cancer, infiltrating skin nodules, 
and regional metastatic nodes. The response rate in such cases is approximately 40% overall 
for all age groups. There is less agreement over the response rate of bone metastases, and re
ported rates vary with the criteria of response. Overall figures suggest a 10%-20% likelihood 
of response to tamoxifen in the case of bone metastases, and this is similar to the response rate 
to high-dosage oestrogen. For visceral metastases the overall response rate is about 
20%-30%, but it varies in each series according to selection of cases. The best responses are 
in lung and peritoneal deposits, although occasional responses of liver metastases may occur 
in oestrogen receptor-positive (ER) cases. 

6) What is the Relationship of Oestrogen Receptor Assay to Response Rate? 

Accumulated data now make it clear that tumour regression after tamoxifen therapy occurs 
in 50%-60% ofER+ cases but in only 5%-10% ofER- cases. The correlation is almost 
identical with that seen with other endocrine treatments. There was some confusion when ear
ly reports failed to show a clear correlation between ER assay ofthe tumour and the likelihood 
of response to tamoxifen therapy. This may have been because the majority of cases reported 
in the early series had previously failed to respond to cytotoxic therapy or other forms ofhor
monal treatment, resulting in a type of case selection. Although ER + cases tend to show lon
ger recurrence-free intervals, there is no clear evidence so far that the response rate to 
tamoxifen increases with increasing length of the recurrence-free interval. 

7) What is the Role of Tamoxifen in Premenopausal Breast Cancer? 

To date there are reports of about 120 premenopausal patients with advanced breast cancer 
treated with tamoxifen. They represent the cumulative experience of about 10 different 
centres. About 30% of cases have shown evidence of tumour regression (over 50% decrease in 
size of the tumor), and the figure is almost identical with the response rate in postmenopausal 
patients. Surprisingly, oestradiol levels in the serum have been found to be raised in ta-
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moxifen-treated patients, even in those showing tumour regression on therapy. After loss of 
response to tamoxifen therapy a second response has been occasionally obtained by castra
tion. 

8) What is the Role of Tamoxifen in the Adjuvant Treatment 
of Operable Breast Cancer? 

Interest in the use oftamoxifen for adjuvant treatment of operable breast cancer has increased 
for two major reasons. Firstly, it has recently become clear that current trials of cytotoxic ad
juvant therapy in breast cancer are showing significant delay in recurrence only in pre
menopausal and not in postmenopausal Stage II cases, which suggests that at least part of the 
benefit must be achieved through endocrine mechanisms. Secondly, recent reports of a 
randomised trial show that a combination of X -ray castration and prednisone given after sur
gery not only delays recurrence but actually increases 1O-year survival in premenopausal wo
men over the age of 45 with operable breast cancer. 
A number of randomised clinical trials have been set up with tamoxifen used as adjuvant ther
apy in either Stage I or Stage II breast cancer. It will be several years before we can assess its 
long-term effect on recurrence and survival and compare it with that of cytotoxic therapy 
alone and that of a combination of tamoxifen and cytotoxic treatment. 

9) What is the Role of Tamoxifen in Male Breast Cancer? 

Because breast cancer is rare in the male, it is difficult to establish the best forms of treatment. 
Different authors have reported occasional cases of the advanced disease treated with 
tamoxifen, either alone or in combination with some other therapy. Partial or complete 
regression oftumour has been noted occasionally with tamoxifen therapy alone, and in some 
patients the response has lasted a year or longer. Tamoxifen appears to be well tolerated by 
males and it is worth a trial as the first treatment in advanced breast cancer, especially as an al
ternative to the psychologically distressing operation of castration and the feminising effects 
of oestrogen therapy. 

10) What is the Effect of Tamoxifen on the Serum Prolactin Level? 

According to one report, administration of tamoxifen reduced the circulating prolactin level 
and also the TRH-stimulable prolactin level in the serum, but this was not conftrmed in 
another report. Such information may be important for the assessment of the role of prolactin 
in the growth of human breast cancer, because high-dosage oestrogen therapy has a similar ef
fect to tamoxifen on the growth of advanced breast cancer, yet the former undoubtedly 
stimulates the release of prolactin from the pituitary gland. 

11) What is the Effect of Tamoxifen on Pregnancy? 

There is no evidence that tamoxifen is mitogenic or teratogenic in animals. We have little in
formation on the effect of its continuous administration during human pregnancy. However, 
it has been used in the induction of ovulation in infertile women, and in the case of one woman 
who received three courses of the agent during the ftrst trimester of pregnancy a normal baby 
was subsequently born. 

12) What is the Tolerance to Tamoxifen and the Incidence of Side Effects? 

In considering tolerance and side effects we must distinguish between mild side effects not in
terfering with the continuation of treatment and those that necessitate stopping or interrupting 
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treatment. Mild side effects include moderate increase in weight, hot flushes, headache, 
pruritus vulvae, depression, slight nausea, and transient thrombocytopenia. These are 
generally reported in about 25% of patients in each series. On the other hand, in a recent sur
vey of 1000 treated patients collected from several series, complications causing cessation of 
treatment occurred in less than 3% of all cases, and this compares with a 15%-20% 
withdrawal from therapy in the case of high-dosage oestrogen therapy. 
The symptoms leading to interruption or cessation of tamoxifen treatment are mainly severe 
gastrointestinal symptoms, dizziness, skin rash, hypercalcaemia, and increase in tumour 
pain. Tamoxifen therapy is well tolerated even in patients with congestive cardiac failure. 
Many patients have now been on treatment for 5 years or longer without significant pro
blems. 

13) What is the Way to Manage Hypercalcaemia Following Tamoxifen Treatment? 

It is important to defme our terms. A rise in the serum calcium level within 14 days of the ini
tiation of any type of hormonal therapy is usually ascribed to such therapy. Hypercalcaemia 
is thought to result from excessive calcium mobilisation in the presence oflytic metastases in 
bone, and may occur occasionally following tamoxifen therapy. It is sometimes associated 
with an increase in pain at the site of bone metastases. The incidence of hypercalcaemia during 
tamoxifen therapy varies in different reports, and it is possible that in some reported cases the 
calcium level may have been raised before hormonal therapy was instituted. 
If serum calcium levels are not unduly high it is generally agreed that it is necessary only to 
stop tamoxifen therapy for about a week for the levels to return to normal in most cases. High 
levels of serum calcium are life-threatening, however, and it is therefore essential also to insti
tute corticosteroid therapy and other forms of systemic therapy designed to reduce serum cal
cium levels, e.g., enhanced diuresis. When the hypercalcaemia settles, the corticosteroid can 
usually be safely discontinued and tamoxifen restored. 

14) What is the Relationship of Oestrogen Receptor Assay to the Likelihood 
of Hypercalcaemia Developing During Anti-Oestrogen Therapy? 

Two different observers have commented that the majority of patients showing evidence of 
hypercalcaemia soon after the initiation of anti-oestrogen therapy have tumours in which the 
results ofER assay are positive. A similar observation has also been made in the case of oes
trogen-induced hypercalcaemia. Hormonally induced hypercalcaemia seems therefore to 
indicate the likelihood of a hormone-sensitive tumour, and this may explain why recal
cification of bone metastases often occurs when hormone therapy is continued subsequent
ly. 

15) What is the Significance of Thrombocytopenia Complicating Tamoxifen Therapy? 

Reports on the appearance of thrombocytopenia following tamoxifen therapy show widely 
divergent incidence rates, but overall the rate of occurrence is certainly less than 10%. In the 
vast majority of cases the depression in the count is slight and transient, but occasionally the 
platelet level has been noted to fall below 50000 mm3• In such a case, interruption of the treat
ment for 1-2 weeks allows the blood count to recover. It is suspected by some that the fall in 
platelet count may indicate a previously undetected replacement of the bone marrow by 
tumour. 
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16) How do the Clinical Effects Compare with Those of Clomiphene and Nafoxidine? 

Two other anti-oestrogens - clomiphene citrate and nafoxidine - have both been claimed to 
yield an overall 30% response rate in advanced breast cancer. Not only do they show a similar 
overall response rate to tamoxifen therapy, butthere is a similar variation oftheir effectiveness 
with age group and site of metastases. Severe side effects of clomiphene at the therapeutic dose 
include nausea and vomiting, hot flushes, blurred vision, and a danger of cataract, while those 
of nafoxidine include gastrointestinal symptoms, the development of skin hypersensitivity to 
sunlight, and a predisposition to cataract. All agree that the side effects of tamoxifen are mini
mal in comparison, although the spectrum of activity of all three agents appears to be similar 
in the treatment of breast cancer. 

17) What is the Significance of a Flare Following Tamoxifen Therapy? 

A flare in breast cancer following the initiation of hormonal therapy of any type usually in
volves an increase in pain, redness or swelling over soft tissue metastases, or a sudden increase 
in pain at the site of presumed tumour deposits. This is reported in 1 %-2% of cases treated 
with tamoxifen, and usually appears within 7 days of the initiation of treatment. Whatever its 
cause, it seems to indicate hormone sensitivity, because there is evidence of tumour regression 
in a high proportion of cases if tamoxifen therapy is continued. 

18) What is the Evidence for Tumour Acceleration by Tamoxifen? 

This question is related to the previous one. It has often been suggested that a local flare indi
cates an increase in the growth rate of breast cancer as a result of growth stimulation by 
tamoxifen. However, in cases where several measurements of the tumour size have been plot
ted carefully before the initiation of therapy, there is no evidence of an increase in the slope of 
the growth curve during the period of the flare. It was suggested that the local reaction might 
be due to the release of some prostaglandin-like agent and that it is safe to continue tamoxifen 
therapy in these cases, perhaps with the addition of antiphlogistic agents or corticosteroids to 
control the local reaction. 



31. The Place of Tamoxifen in the Treatment of Breast Cancer 

P. S. Schein 

Vincent-T.-Lombardi Cancer Research Center, Georgetown University, School of Medicine, Section 
of Medical Oncology, 3800 Reservoir Road, Washington D.C. (USA) 

The aim of a round-table discussion was to place the current clinical data into a more complete 
prospective, and to identify the issues that remain to be resolved. There is general agreement 
that, with proper case selection, tamoxifen is both effective and relatively nontoxic. 
One of the main questions is the problem of patient selection, and specifically the role of recep
tor measurements. 
What criteria exist for the designation "estrogen receptor-rich (ER -rich) tumor"? Cut-off val
ues ranging from 10-20 fmol/mg cytosol protein have been reported. In the experience of 
JENSEN there was very little prospect of response if there were no detectable receptors in the 
tumor. The number of receptors he considered necessary for an objective remission was ar
rived at empirically, based upon a retrospective analysis of clinical and laboratory data from 
his own institution. The threshold level for ER-rich differed between the pre- and post
menopausal patients. Two levels of prediction should be used, unless one determines the nu
cleus-occupied as well as the cytoplasmic receptor in the premenopausal group. JENSEN 
described his method of nuclear exchange for tumors removed from patients exposed to 
endogenous or exogenous estrogens; it employs silver nitrate as a means of dissociating the 
hormone from the receptor, the reaction being carried out at 0° C so as to avoid de
composition of the receptor. While the majority of investigators have reported their receptor 
data in terms of femtomoles per milligram of protein, JENSEN recommended the data be ex
pressed in terms of grams oftumor or micrograms of DNA. The use of cytosol protein, unless 
it is corrected for contaminating serum protein, can result in a false estimate of receptor con
centration. Patients with the highest concentrations of ERs have a greater probability of 
achieving an objective response with hormonal therapy. Similarly, the rate of remission is sig
nificantly higher in tumors containing both ERs and progesterone receptors (PgRs) than in tu
mors that have only ERs. Nevertheless, patients with only ERs should not be denied 
endocrine therapy, since an estimated 30% will respond. In terms of practical utility, the PgR 
currently has limited value. There is also some question as to whether the PgR functions as an 
independent prognostic variable, since positive cases also have the higher levels of estrogen re
ceptors. 
MAASS and JENSEN both agreed that correlations between receptor-rich tumors and clinical 
response have been most favorable with ablative therapy. While it is accepted that patients 
with receptor-rich tumors are the most likely to benefit from tamoxifen, there are examples 
of response in receptor-poor cases. This was most notable in the studies presented by 
ENGELSMAN and in the series of MAASS. These authors emphasized that additional studies in 
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"borderline" receptor cases are needed to clarify these initial results. It was generally agreed 
that, given the variability in methodology and patient populations, each institution must 
decide empirically what level of ER concentration constitutes a positive value; this de
termination should be based upon the retrospective correlation with clinical response. 
The principal application for tamoxifen in the management of breast cancer has been in the 
treatment of postmenopausal patients with advanced stages of the disease. Additional aspects 
of the central question of patient selection are raised in the discussions on the position of 
tamoxifen in relation to other therapeutic options, endocrine and nonendocrine, already 
available for this group of patients. 
HENNINGSEN stated his preference for endocrine therapy, and specifically tamoxifen, as the 
initial treatment. He emphasized the general clinical features of the postmenopausal patient, 
including a high incidence of ER-rich neoplasms, relatively slow tumor growth, high remis
sion rates, and long durations of response, averaging 27 months in his series. The low 
frequency of serious toxic reactions stands in contrast to the effects of cytotoxic che
motherapy. This basic position was confirmed by several others. 
CAVALLIS' experience with tamoxifen has not been as optimistic, and he reports only a 23% 
remission rate and 12 months median duration of response for previously untreated postme
nopausal patients. This compared with a 50% response rate with chemotherapy. Che
motherapy is his preferred initial treatment for patients with extensive hepatic metastases or 
large tumor mass. MOURIDSEN advocated the use of chemotherapy for younger postme
nopausal patients (less than 65 years) for whom there is no information on ER sta
tus. 
It was stressed that the ER status of the patient is only one variable in the decision-making 
process. MAASS takes into account the age ofthe patient, the disease-free interval, and the lo
calization of metastases. Hepatic and cerebral metastases have represented very poor 
contraindications for endocrine therapy based upon past experience with other hormonal 
therapies. SCHEIN suggested that our concepts regarding the responsiveness of hepatic 
metastases may be subject to revision; several series with tamoxifen have yielded response 
rates of 40%-60% for ER + liver-dominant disease. 
ENGELSMAN regards the rate of tumor proliferation as an essential factor in patient selection. 
With slow-growing neoplasms he would use tamoxifen as the sole therapy. However, with a 
history of rapid tumor growth, chemotherapy is indicated even if the neoplasm is ER -rich. 
This author raised the question of combined endocrine and chemotherapy in such 
cases. 
There is at present no basis upon which to choose between tamoxifen ~d estrogen as the ini
tial endocrine therapy for the postmenopausal patient. Several reports state a preference for 
tamoxifen because of its reduced toxicity. 
It has been assumed that the principal role of the available ablative procedures, adrenal
ectomy and hypophysectomy, is the removal of a secondary source of estrogenic hormones. 
Can tamoxifen replace the past use of ablative therapies? 
HENNINGSEN reported that in Heidelberg adrenalectomies are no longer performed and 
tamoxifen has been substituted. MOURIDSEN held that many breast cancer patients in Europe 
do not live near facilities where ablative procedures are readily available, and tamoxifen 
represents a worthwhile alternative for such cases. SCHEIN described the early results of 
PEARSON, who reported that 26% of patients who had obtained objective remission following 
hypophysectomy responded to tamoxifen. Similarly, a significant proportion of patients 
responding to tamoxifen achieved a secondary remission with the ablative procedure. These 
data raise serious questions as to whether tamoxifen can strictly be considered a substitute for 
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ablative therapy. An additional consideration relates to the mechanism of action of tam
oxifen; does it act solely as an antiestrogen, or does it possess an additional element of 
independent cytotoxicity? These questions remain open, and controlled trials are needed to 
determine whether tamoxifen can serve a complementary or additive role in conjunction with 
hypophysectomy and adrenalectomy. 
The position oftamoxifen in the management of premenopausal women with advanced stages 
of disease has not yet been determined. This will require the completion of ongoing controlled 
trials comparing the response to tamoxifen in conjunction with, or as a substitute for, 
oophorectomy. 
SCHEIN expressed his concern about the current trend of combining tamoxifen and cytotoxic 
chemotherapy, which he feels should be done with caution until data that unequivocally 
support this approach are available. Only a limited number of palliative treatment options are 
available for the patient with advanced breast cancer. The initial use of combined therapy im
poses significant limitations on the management of the eventual relapse. Do the results of cur
rent trials support the use of combined therapy? There are no definitive data to indicate that 
combined therapy is superior to the sequential use of endocrine and cytotoxic regimens. The 
completed studies on the basis of which positive results are reported have design flaws. 
MOURIDSEN emphasized the need for continued clinical trials so that a maximally effective 
therapy can be developed and brought to the adjuvant situation, where treatment is not 
palliative but curative in intent. 
The role oftamoxifen as an adjuvant therapy, when used alone or with chemotherapy, has still 
to be determined. Controlled trials for pre- and postmenopausal women, correlated with 
receptor status, are now in progress in several centers and cooperative groups. 
In summary, tamoxifen represents a valuable addition to the theurapeutic armamentarium for 
breast cancer, and in particular for the postmenopausal patient with a metastatic receptor
rich tumor. A more complete understanding of this antiestrogen's role for premenopausal wo
men and in adjuvant therapy awaits the results of current controlled trials. 



Final Remarks 

Final Remarks 

As a final remark, it seems appropriate to update a pentaiinear expression first recorded by 
PINCUS and VOLLMER2 nearly twenty years ago at a time when a truly effective medical ap
proach to the endocrine therapy of breast cancer was still only a pious hope. 

A lady, with growth neoplastic, 
Thought ablation to be a bit drastic. 
She preferred that her ill 
Might be cured with a pill 
Which today is no longer fantastic. 

That hope has become reality for metastasising breast cancer. And what once was fantasy 
may now be fact for many patients. 

E. V. Jensen! 

1 The University of Chicago, Ben May Laboratory for Cancer Research, 950 East 59th Street, 
Chikago, IL 60637 (USA). 

2 G. PINCUS and E. P. VOLLMER, eds. Biological Activities of Steroids in Relation to Cancer. 
Proceedings. New York, Academic Press, 1960. p.381. 
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