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"I often asked myself, 
Is cancer of the mamma 
due to some ovarian 
irritation ....... ?" 

Beatson, 1896 
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I. Hormonal induction and regulation of normal growth and development of the 
breast 

A. Structure of mature nonlactating and lactating breast (1) 

The postpuberal breast of women is composed of hollow branching epithcll;l\ 
ducts terminating in clusters of alveoli. Alveoli are surrounded by contractile 
myoepithelial cells, and the epithelial structures are set in a fibrofatty, vascu
lar stroma. Large clusters of alveoli invested with connective tiss11e and fat are 
termed lobules. During pregnancy terminal ducts branch markedly and more alveoli 
form, greatly enlarging the lobules. Eventually, the alveolar cells become secre
tory. The postmenopausal breast undergoes marked epithelial atrophy; eventually 
only a few ducts remain. 

B. Honnonal influence on growth and development (2, 3) 

Embryonic development of the human breast begins at the 4 mm stage as a 
band of tissue and culminates as a spherical bud of cells at about the 20-30 mm 
(2 month) stage. Little further development occurs until the fifth month, when 
the bud subdivides into 15-25 secondary buds that are the anlage of the adult 
duct system. Bifurcation and lumen formation occur in later fetal life. The 
ductal tubes are composed of two layers; the outer layer becomes myoepithelial. 
After a brief burst of ductal growth just before parturition, the gland regresses 
shortly after birth and then grows proportionately to the body as a whole until 
puberty. No lobuloalveolar development occurs during this period. Studies in 
vitro in defined culture medium show that insulin is an obligatory requirement 
for the growth of fetal rodent breast tissue (3). Insulin stimulates growth and 
lumen formation in the epithelial cords of these fetal mammary fragments. 

Following the burst of sex steroid production at puberty, the epithelial 
structures proliferate. Estrogens primarily stimulate ductal growth, while 
progesterone mainly stimulates lobuloalveolar development (2). In normal women, 
who experience cyclic follicular and luteal ovarian periods, a mixed ductal and 
lobuloalveolar hyperplasia results. In rabbits, which are in estrus until 
copulation, lobuloalveolar development depends on mating; and the breasts of 
virgin animals are primarily ductal in character. The anterior pituitary hormone 
prolactin is perhaps the major stimulant to mammary epithelial growth and differ
entiation. The combination of estrogens, progesterone and prolactin supports full 
ductoalveolar growth in hypophysectomized-castrated female mice. In short-term 
in vitro cultures of breast tissue from pregnant mice, insulin promotes a wave of 
mitoses and is necessary throughout the culture period for growth. However, pro
lactin is necessary as well for further growth. For milk protein production, 
cortisol must be present before the first wave of insulin-induced mitoses. Pro
lactin appears to act later in this final differentiation process. Ceriani and 
co-workers have shown that insulin plus prolactin induces proliferation of human 
nulliparous breast tissue cultured in chemically defined medium (3). Prolifera
tion was increased by the addition of growth hormone. Estrogen and progesterone 
induce alveolar formation in this system. The six hormones insulin, prolactin, 
growth hormone, estrogen, progesterone and cortisol induce maximal growth and 
secretion of milk proteins in this human tissue culture system (3, 4). It should 
be recalled that in intact animals, estrogens increase prolactin secretion probably 
by inhibiting the secretion of prolactin-inhibitory factor (5). Estrogens also 
potentiate the effects of prolactin on normal mammary tissue (2). 



- 5 -

In summary, the precise role and order of action of hormones that 
stimulate mitosis in mammary epithelial stem cells is still to be worked out. 
Insulin probably acts at an early step and other hormones later. In normal 
cells, orderly growth and differentiation to secretory cells unfolds follow
ing treatment with these inducers. In malignant tissue, even though these 
hormones may affect or be required for growth (6, 7), orderly gland formation 
and apocrine secretion are lost. 

II. Experimental mammary carcinogenesis (8) 

In relation to the endocrine system, this topic should be considered in 
two parts: initiation (induction) of malignant lesions, and progressive growth 
of established malignancies. Experimental mammary carcinogenesis is a complex 
field and the results often vary with the experimental models chosen. I will 
only discuss here a few aspects that are relevant to endocrine factors in human 
mammary carcinogenesis. 

A. Induction of tumors (8) 

~~RY CARCINOGENESIS 

GENETIC 
CONSTITUTION 

~~--~ 
~~RY 

ADENOCARCINOMA 

l 
HORMONAL INFLUENCE 

Inducer - uncommon 
Promotor - common 

CARCINOGENIC INFLUENCE 
Chemicals 
Irradiation 
Endogenous Viruses (Mice Only) 

In rodents at least two factors and usually three factors are required 
for the induction of mammary carcinomas: genetic susceptibility, hormonal 
influences and carcinogenic agents. The carcinogens may be viral (mouse mam
mary tumor viruses), chemical (methylcholanthrene, dimethylbenzanthrocene [DMBA]) 
or physical (X-rays). Only in mice have RNA tumor viruses been shown to partici
pate: these may be transmitted to offspring through the milk or the gametes. In 
the murine viral system, genetic influences have been extensively studied and 
probably operate at the level of restriction of expression of viral functions, 
since the genomes of all normal strains of mice so far tested contain DNA copies 
of the genomes of mammary tumor viruses. In genetically susceptible animals, 
hormonal influences are also operative; for example, females that have been preg
nant many times have the highest incidence of tumors. 
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Although estrogens alone may induce mammary tumors in some rodents, 
most studies show that an additional factor is necessary. These experiments 
suggest that estrogens usually act as promoters rather than inducers of 
carcinogenesis. For example, over 40 years ago Lacassagne showed that estro
gens increased the incidence of mammary carcinoma in the males of a strain of 
mice with a high natural incidence of these tumors (9). 

In mice and in rats treated with chemical carcinogens, prema lignant 
lesions called hyperplastic alveolar nodules are prominent. These lesions 
demonstrate that carcinogenesis is not a single-step phenomenon. Progression 
of nodules to malignant tumors depends on continued hormonal stimulation in 
many animal models. In dimethylbenzanthracene-treated rats, mammary nodules 
do not appear if the females are castrated prior to treatment. 

In rodents, maneuvers that increase prolactin levels greatly sensitize 
the animals to low doses of carcinogens; i.e., smaller doses are required for 
tumor induction (10). 

Breast Cancer Induction with Subcarcinogenic 
Doses of Carcinogens Aided by Hormones (9) 

Carcinogen 
Dose 
Species 

Carcinogen alone 
Prolactin alone 
Carcinogen + prolactin 

Radiation 
SOR 
Rat 

0* 
0 

58% 

Chemical (MCA) 
10 mg 

Rat 

0 
0 

85% 

* Percent of animals developing tumors. 

(From Ref. 10) 

Virus 
0 . 1 ml milk 

Mouse 

0 
0 

40% 

Suppression of prolactin secretion markedly inhibits viral carcinogenesis in 
mice and, conversely, high prolactin levels can overcome genetic resistance . 
Malignant tumors have been induced in certain rats by high levels of prolactin 
alone (10). 

One important conclusion emerging from these rodent studies is that 
the effects of hormones on induction may strongly depend on the concentrations 
of hormones achieved in these animals. Although estrogen treatment increases 
the incidence of tumors in irradiated rats, high estrogen doses inhibit induc
tion of tumors in DMBA-treated animals. The ratio of estrogen to prolactin 
levels in these animals may be critical to carcinogenesis, because this inhibi
tion can be overcome by increasing the levels of prolactin (8). Progesterone 
may also play both synergistic and antagonistic roles. These complexities 
should be kept in mind when reviewing attempts to identify hormonal risk fac
tors in human populations. 



- 7 -

A second important conclusion from the animal studies concerns the 
effects of sequence of treatment of animals with carcinogens and hormones. 
In general, treatment of animals with sex steroids or prolactin after a 
carcinogen increases the numbers of tumors formed, but if hormones are given 
before the carcinogen the numbers of tumors are decreased. The more differen
tiated the tissue prior to exposure to carcinogen, the less likely are tumors 
to form (8). At least two explanations are possible: either progressive 
differentiation removes stem cells from a proliferative pool that is the tar
get for the carcinogen, or the more differentiated tissue metabolizes the 
carcinogen differently (8). Huggins found that rats were maximally sensitive 
to chemical carcinogenesis at age 50-60 days, and Furth recently showed that 
this is the period of rapid growth and differentiation of primitive mammary 
ducts (10). These observations are important in considering risk factors in 
human breast cancer, to be discussed in Section III. 

B. Progression and growth of experimental tumors 

Fully developed virally induced carcinomas in mice are usually hormo
nally autonomous; that is, their growth is not affected by manipulating hormo
nal levels. This observation is important because it illustrates the clear 
difference in hormonal effects on induction and growth of these tumors, and it 
identifies a change in regulation of growth following malignant transforma
tion. On the other hand, many experimental rat carcinomas induced by dimethyl
benzanthracene retain hormonal responsiveness and resemble human tumors in 
this regard. Transplantable carcinomas induced in rats by prolactin alone re
main fully dependent on this hormone for growth (8). Such a situation probably 
has no counterpart in human breast carcinogenesis. 

Studies of estrogen-binding proteins in the cytosol of these rat 
tumors showed a correlation between the presence of these binding proteins and 
regression following oophorectomy. These studies led directly to similar meas
urements in human tumors, to be discussed in Section V. An important field for 
future research will be studies of the molecular mechanisms of loss of respon
siveness to steroid hormones in these endocrine-insensitive rat tumors. The 
observed absence of cytosol receptor activity in some of these tumors does not 
fully account for loss of growth response to steroids. Perhaps some of these 
tumors synthesize a substitute for estrogen that binds these receptors, or pro
duce an altered receptor that does not bind estrogen but nevertheless can inter
act with chromatin. As many other possibilities exist as there are steps in the 
pathway of estrogen influence on proliferation of these cells (11, 12). 
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III. Adenocarcinoma of the human breast - hormonal influences on induction 
and progression of tumors 

A. Pathology 

Human mammary adenocarcinomas can begin anywhere in the ducts or 
alveoli but most . infiltrating (invasive) kinds probably begin in the ducts 
(13). 

PATHOLOGY OF HUMAN BREAST CANCER 

(Infiltrating types) 

20-Year 
Fraction Node Median Survival of Actuarial 
of Total Involvement Treatment Failures Survival 

(%) (%) (Years) (%) 

Infiltrating Duct 78.1 60 3.75 38 
with Productive 

Fibrosis 

Infiltrating 8. 7 60 3.25 34 
Lobular 

Medullary 4.3 44 2.25 62 

Colloid 2.6 32 4.3 62 

Comedo 4.6 32 2.7 74 

Papillary 1.2 17 5 65 

(From Ref. 13) 

Th ese tumors probably begin as intraductal growths of transformed duct lining 
cells that eventually invade beneath the basement membrane to become infiltrating 
tumors (14). Certain human breast cancers may begin, however, in alveolar 
nodules that are similar to the premalignant rodent lesions described in Section 
II (15). 
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B. Endocrine risk factors for the induction and promotion of human 
breast cancer 

1. Epidemiologic studies 

The results of animal studies, the rarity of mammary adenocarcinoma 
in men, and the ductal origin of most human mammary tumors strongly suggest that 
ovarian hormonal influences play a role in the induction and / or progression of 
human breast cancer. Epidemiologic observations, some of which were recently re
viewed here by Dr. Frenkel, provide further evidence for such an influence (16). 

DESCRIPTIVE EPIDEMIOLOGY OF N.AMMARY TUMORS 

Risk Group Risk 
Characteristic High Low Ratio* 

1. Race Caucasian Oriental 5 
2. Religion Jev1ish ? 2 
3. Socioeconomic status High Low 2 
4. Age at menarche Early Late 1.3 
5. Age at first birth Late Early 3 
6. Lactation None None 1 
7. Parity Nulliparous Multiparous 
8. Artificial menopause No Yes 3 
9. Age at natural menopause Late Early 1.5 

10. Weight Obese Thin 2 
11. Previous breast disease Yes No 3 
12. Family history Positive Negative 3 

>'< Approximate result when risk in high-risk group is divided by risk in low- risk 
group 

(From Ref. 16) 

The protective effects of early pregnancy, late menarche, early menopause, and 
early surgical castration all suggest an ovarian influence. These effects are 
complex and depend on the timing of hormonal exposure or deprivation. 

A comprehensive etiologic theory of human breast cancer must explain the dual 
peaks of age-specific incidence observed in western countries. Oriental 
countries experience only an early peak; the incidence then declines in post
menopausal years (17-19). Women in the developed western countries are subjected 
to a steadily rising incidence of the disease into late life (17-19). These 
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differences do not appear to be genetic, since incidence rates of oriental 
immigrant women rise to approach the western rates after several years of 
"acclimatization" (19). Neither are the differences explained by changing 
reproductive habits of the immigrant women, such as later first pregnancies 
(19). These presumed environmental influences may represent exposure to 
carcinogenic chemicals or may act through altered sex hormone physiology. 
For example, the increase in fats and oils in the western diet correlate well 
with increasing mammary cancer risk (20). High fat intake might lead to in
creased formation of carcinogenic compounds in the gut or to increased periph
eral aromatization of androgens to estrogens in adipose tissue. Studies of 
estrogen metabolism in oriental and western women have shown lower urinary 
excretion of estriol in relation to estradiol-178 and estrone in western 
women (21). Since estriol is much less carcinogenic in rodents than either 
of th e other two estrogens (22), Lemon (22) and MacMahon et al. (21) have 
suggested that these differences in "estriol ratio" may be important factors 
in explaining the geographic differences in tumor risk. These data need to 
be confirmed in studies of actual estrogen secretion rates. 

2. The pregnancy effect 

The key features of the protective influence of early pregnancy 
are listed below (19). 

Pregnancy and Risk of Breast Cancer 

1. Breast cancer increases with increase in the age at which 
a woman bears her first full-term child. Homen first 
parous before age 18 have about 1/3 the breast cancer risk 
o f those whose firs t delivery is delayed until age 35 or 
older. 

2. To be protective, pregnancy must occur before age 30. 
Indeed, women first becoming parous after age 30 have a 
breast cancer risk higher than that of nulliparae. 

3. The protective effect is essentially limited to the first 
birth. Subsequent births, even at an early maternal age, 
convey little or no additional protection. 

4. Protection is exerted only by a full-term pregnancy. 
Abortion is associated with an increased risk . 

5. The protection conveyed by early first birth is manifested 
at all subsequent ages, even among women age 75 and older. 

(From Ref. 19) 
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These observations are very important clues to the etiology of human breast 
cancer. These data suggest that the decade or so following menarche may be 
a high-risk period for the induction of malignant change and that this risk 
is modified by exposure of the breast in the early postpuberal period to the 
very high levels of estrogens, progesterone and prolactin characteristic of 
pregnancy (8, 19). As reviewed in Section II, ei4her protective or promoting 
effects of these hormones are seen in rodents exposed to carcinogens, depend
ing on whether the animals receive the hormones before or after the carcinogen 
(8). Furthermore, rats are very sensitive to chemical carcinogens early in 
life when their mammary ducts are differentiating (10). The pregnancy effect 
in women may be the human counterpart of these animal experiments. Clifton 
and Sridharan (8) have suggested that early pregnancy actually was the evolu
tionary norm in human populations and that the hormonal stimulus of a normal 
gestation is essential for normal terminal differentiation of the mammary 
gland. This differentiation either renders certain ductal stem cells refrac
tory to carcinogens or alters the way in which the breast metabolizes carcino
gens (8). If the breast does not receive this appropriately timed hormonal 
stimulus, subsequent hormonal exposure may only promote the growth of tumors 
induced at an early age by chemical or physical carcinogens. This hypothesis 
can explain the pregnancy effect and the protective effect of early castra
tion. 

3. Androgen excretion studies 

Bulbrook and co-workers, in a prospective study of women on the 
Island of Guernsey, found that diminished urinary excretion of 11-deoxy 17-
oxosteroids relative to 17-hydroxycorticoids correlates with increased subse
quent risk of breast cancer (23). Since many factors influence these excre
tion rates (24) and since a primary defect in androgen metabolism does not 
easily account for the epidemiologic facts of breast cancer (19), most workers 
have been reluctant to accept these data at face value. Bulbrook's study, 
although begun with 4850 women in 1961-66, was analyzed in 1970 when only 27 
women had developed breast cancer. Confirmation of his results is needed. If 
these data are real, it is likely that the etiologic factor is not altered 
androgen metabolism per se but rather is correlated with this change (19). 

4. Role of prolactin 

Animal studies indicate that prolactin is a promotor rather than 
an inducer of mammary tumors (10). Although diurnal, menstrual and gesta
tional rhythms in prolactin secretion create difficulties in gathering and 
interpre ting data, little evidence is available to suggest that increased pro
lactin levels in humans correlate with increased breast cancer risk. Kwa et 
al. did find increased prolactin levels in relatives of women witb breast can
cer (25, 25a). However, if prolactin has a role in human mammary carcinogene
sis, it probably acts at normal physiologic levels (26). An important role 
could still be possible, for example, if women at increased risk had increased 
prolactin receptors on their mammary epithelium. Estrogens increase the secre
tion of prolactin; this stimulation makes it difficult to separate the effects 
of the two hormones on human mammary cancers. 
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C. Relationship of exogenous hormonal therapy to the development of 
breast cancer 

1. Oral contraceptive therapy 

There is no evidence that oral contraceptives (combined or sequen
tial estrogens and progestins) have increased the incidence of breast cancer 
in premenopausal women (27). The incidence of breast cancer in women under 35 
does not appear to have changed since these agents came into general use (28). 
Retrospective case-control (29 ) and hospital ( 30) studies have failed to reveal 
an association between oral contraceptives and increased risk of mammary cancer. 
In a biopsy study, the incidence of fibroadenoma and carcinoma was the same in 
women on and off "the pill" (31). 

Effect of Oral Contraceptives on Frequency of Mammary Fibroadenoma 
and Carcinoma in Biopsy Specimens from Homen Age 15 to 45* 

Control Group Oral Contraceptive Users 

Number of women 557 233 
Fibroadenoma 27% 26% 
Carcinoma 8% 6% 

*Data from Prechtel & Seidel (ref. 31) 

Ory et al. reported that oral contraceptives were associated with a reduced 
risk of benign breast lesions (32); this finding is comforting since benign 
lesions of this sort are correlated with an increased risk of breast cancer 
(19). All these negative data must be interpreted with caution, since the 
latent period following carcinogenic stimuli may be prolonged to 10 years or 
more (33). 

2. Postmenopausal or post-oophorectomy estrogen therapy 

In a recently published paper, Hoover et al. studied the influence 
of postmenopausal Premarin therapy on breast cancer risk factors (34). This 
study was a retrospective review of a private practice in Louisville, Kentucky. 
Risk factors were determined by comparing observed cases of breast cancer to 
the number expected for specific age groups in that region of the country. 
Although the numbers of tumors observed were small, a trend of increased risk 
with increasing fo1low-up time, especially longer than 15 years, was noted. 
Risk was higher also for women who took more than 0 .625 mg daily and for women 
on other than daily dosage regimens. Risk was especially high for women who 
developed benign breast lesions after estrogen therapy was started. 
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OBSERVED AND EXPECTED CASES OF BREAST CANCER ACCORDING TO FOLLOW-UP 
DURATION AND STRENGTH AND FREQUENCY OF ESTROGEN USED* 

Follow-up Duration Strength Frequency 
(yr) 

0.3 mg 0.625 mg >0.625 mg Daily Other 
(873)+ (1262) (2'46) (1830) (278) 

<10: 
Observed 13.0 17.0 4.0 25.0 5.0 
Expected 13.8 16.5 3.2 25.4 4.1 
Relative risk 0.9 1.0 1.3 1.0 1.2 
95% confidence 0.5- 1.5 0.6- 1.6 0.4 - 3.3 0.7-1.5 0.4 - 2.8 

interval 

10+: 
Observed 14.0 11.0 8.0 20.0 9 . 0 
Expected 8.5 9.8 3.0 14.8 3.9 
Relative risk 1.6 1.1 2 . 7 1.4 2.3 
95% confidence 0.9 - 2. 7 0.5- 2.0 1.2- 5.3 0.9 - 2.2 1.1- 4.4 

interval 

''< Tabulated according to whether ever used a particular type of therapy. 
No. of women > total in study since in this classification a woman could be in 
> 1 category. 
+ Figures in parentheses denote no. of women. 

(Ref. 34) 

This study needs to be expanded. It is particularly important to obtain 
long-term follow-up information since carcinogenic effects may be delayed (33) 
and the effects of changes in endocrine status on risk factors are not seen 
for at least 10 years (19). Indeed, this study found no increased risk in 
follow- up periods less than 10 years (34). 

Fechner recorded nothing unusual about the pathology of malignant breast 
tumors occurring during estrogen therapy (35). 

In summary, estrogen therapy may be dangerous in certain women, but no 
unequivocal carcinogenic activity has been identified in humans. Long-term 
studies are needed. 
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TllTNK TWTCE ABOUT F.STROCF.N THERAPY IN THESE WOMEN 

I. Women with a str.ong fnml ly h-istory of hr. cnst canc e r 
2. Women w:lth n history oF c;mcer of CHlP hrea st 

(particularly lobular cancer) 
3. Women with lobular carcinoma in situ of the breast 
4. Women with mammograms which are considered abnormal 
5. Women with recurrent chronic cystic mastitis, par

ticularly if it develops after beginning estrogen 
therapy. 

3. Other possible "endocrine" carcinogens 

Therapy with rauwolfia derivatives increases prolactin levels 
probably by depressing hypothalamic secretion of prolactin-inhibiting factor 
(PIF)(36). This effect raised the question of a possible relationship with breast 
cancer risk (37), but a recent study failed to confirm such a relationship 
(38). Long- term therapy with phenothiazines, which also release prolactin, 
does not increase breast cancer risk (26). Very recently the F.D.A. has 
warned that administration of 75 times the usual daily human dose of spirono
lactone (Aldactone) to female rats was associated with a significant increase 
in malignant mammary tumors in these animals (39). The relevance of this 
observation to human disease is obscure. 

D. Endocrine risk factors in the progression of disease: risk of 
recurrence after curative therapy 

A hormonal profile that would identify women at risk for early recur
rence ( < 2 years postoperative) after curative surgery and/or radiotherapy 
would have great theoretical and practical value. A study to identify adverse 
prognostic factors has been initiated by the Cooperative Breast Cancer Group 
(40); so far, no adverse endocrine factors have been identified. Bulbrook's 
group (41) reported that low excretion of urinary androgen metabolites relative 
to 17-hydroxycorticoids correlated with a poor prognosis after mastectomy. On 
the other hand, in a retrospective study Grattorola et al. reported that women 
developing metastases 5-15 years after mastectomy excreted over 3 times as much 
urinary testosterone as did "clinically cured" patients (42). 

The effect of very high levels of estrogens, progesterone and prolac
tin on the progression of breast tumors could be tested by following the course 
of premenopausal patients who undergo mastectomy and subsequently become preg
nant. Unfortunately, only small numbers of patients are available for study. 
Cooper and Butterfield studied 40 such patients identified from a series of 
7,381 patients with mastectomy and concluded that for women with clinical stage 
I lesions, pregnancy had no adverse effect on 5 year survival (43). These 
authors suggest that there is no reason for stage I patients to avoid pregnancy 
following mastectomy. Obviously, more studies are needed to be sure. 
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IV . Endocrine manipulations in the therapy of advanced (inoperable or metastatic) 
breast cancer 

A. Ablative therapy 

Removal of endocrine organs for the treatment of advanced breast cancer 
goes back 80 years (44) but developed rapidly only after Huggins showed that 
orchiectomy could produce dramatic regressions of advanced prostatic carcinoma 
(45). Huggins' work clearly showed that although malignant, some human tumors 
still retain dependence on hormones for optimal growth. The dependence of malig
nant tumors on humoral influences was a radical idea at the time (46). Today, 
the major problem is the identification of which tumors maintain such dependence. 
This problem is discussed in Section V. 

1. _Oophorectomy 

Bilateral oophorectomy is an effective palliative treatment for about 
one-third of premenopausal women with advanced breast cancer (47). 

OBJECTIVE REMISSION AFTER SURGICAL CASTRATION IN FOUR PUBLISHED SERIES 

Percentage of 
Authors Total no. of cases No. of remissions remissions 

Pearson et al. 75 Premenopausal 33 44 
21 Postmenopausal 2 10 

Block et al. 26 Premenopausal 9 35 
20 Postmenopausal 4 20 

Dao 158 Premenopausal 64 40 
49 Menopausal>'< 8 16 

Taylor 381 113 30 

* Menopausal is defined as the period between cessation of menstruation 
to one year postmenopausal. 

(Ref. 4 7) 

The median duration of response is 9 months with a range from 4 months to 
6 years. Soft tissue, osseous and visceral metastases, including liver and 
brain metastases, have all regressed (47). The response of patients with 
liver metastases depends on the extent of involvement (48). The presence of 
ovarian metastases and corpora lutea at oophorectomy may predict a higher than 
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average response rate (49). Dao's group found that significantly fewer 
objective responses were seen in patients castrated within one year of 
cessation of menses, and no objective responses were seen in postmenopausal 
women castrated after that interval (47). Barlow et al. confirn1ed this im
pression and showed that in menopausal and postmenopausal patients undergoing 
castration, the ovaries did not contribute to estrogen production (50). 

Bilateral oophorectomy has been performed at the time of mastectomy in 
an effort to decrease recurrence rates and extend survival, particularly in 
young women at high risk for recurrence (positive axillary nodes). In a 
prospective controlled study, however, the National Surgical Adjuvant Breast 
Project showed that prophylactic castration neither prolonged the disease
free interval nor extended survival (51). 

RECURRENCE AND SURVIVAL RATE AT THREE, FOUR, A..~D FIVE YEARS AFTER "PROPHYLACTIC" 
CASTRATION 

Recurrence rate Survival rate 

Months after Negative nodes Positive nodes Negative nodes Positive nodes 
operation 

Control Castra- Control Castra- Control Castra- Control Castra-
tion tion tion tion 

% % % % % % % % 

36 16 21 59 55 88 87 64 59 
48 20 22 61 63 83 80 59 51 
60 33 26 74 76 72 77 43 39 

(Ref. 51) 

Furthermore, prophylactic castration deprives the physician of a valuable indicator 
of response to future endocrine manipulation. This indicator is the response to 
therapeutic oophorectomy, performed at the time that metastases are first noted. 

Castration by surgery and irradiation appear equally effective (52), but the 
effects of surgical oophorectomy are prompt and therefore preferred, except in 
women in whom surgery cannot be done. 

The mechanism of tumor regression is almost certainly estrogen deprivation, 
since regrowth of tumor has been observed in castrated women treated with small 
doses of estrogens (53). 
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2. Adrenalectomy 

Bilateral adrenalectomy for the treatment of advanced breast 
cancer, introduced in 1951, has yielded regressions of metastatic lesions in 
30-65% of women so treated (47). 

OBJECTIVE REMISSION AFTER ADRENALECTOMY IN SEVEN PUBLISHED SERIES 

Authors Total no. of No. of Percentage of 
cases remissions remissions 

Dao & Huggins 100 39 39 
Cade 136 54 40 
Pyrah 75 39 52 
Fracchia et al. 500 178 36 
Hellstrom & Franksson 233 100 42 
Delarue et al. 133 89 67 
Dao et al. 207 83 40 

(Ref. 47) 

Median duration of response is 18-24 months (54). The procedure is almost 
equally effective in patients with soft tissue, osseous and visceral metastases 
(47). The response rates are greater than 50% in women who previously responded 
to oophorectomy, and are about 30-35% in unselected postmenopausal women 
(47, 55). Although most workers believe a disease-free interval of greater 
than 2 years predicts a high likelihood of response (56), one recent study failed 
to confirm this notion (57). Premenopausal women who undergo curative mastectomy, 
who pass through the menopause without recurrence and who then develop metastases 
postmenopausally are particularly likely to respond (56). Regression rates in 
postmenopausal women (more than 1 year beyond cessation of menses) are not in
creased by castration at the time of adrenalectomy (47). Although Kennedy be
lieves that a response to estrogen therapy in postmenopausal women predicts a 
higher response (56), Dao found that response to androgen or estrogen therapy 
cannot be correlated with subsequent response to adrenalectomy (47). Dao found 
that the frequency of response to adrenalectomy is higher when the operation is 
performed at the time metastases are first discovered (46%) rather than after a 
period of additive hormonal therapy (30%)(47). The degree and duration of 
regressions following adrenalectomy are generally superior to the results of 
additive hormonal therapies (47). 



- 18 -

Replac e ment th e rapy must of course he given for lifetime and is similar 
to tlwt given to ;my p;tticnt with Addison's dtseasc. C:c'tWraJly, 25 mg of 
cortisone is given tw1ce d;tlly; Ol'l'ilsinn;tlly salt suppll'llH'nts nnd Florlne f 
(0 .1 mg 3 times weekly) are needed during periods of excessive salt loss (47). 
Thes e pati ents should wear bracelets indicating the need for increased corti
sone during stressful periods. 

The mechanism of tumor regression following adrenalectomy is not entirely 
clear. Peripheral conversion of adrenal androgens to estrogens (58) in the 
presence of an estrogen-dependent neoplasm is the favored working hypothesis to 
explain the dependence of breast tumors on the adrenals (47). Urinary estrogens 
fall precipitously after castration, but then gradually rise again in many women 
(47). This rise is abolished by adrenalectomy (59). Dao found that urinary 
estrogen levels prior to adrenalectomy were higher in responders than in non
responders (60). 

3. Hypophysectomy 

Transfrontal hypophysectomy was introduced in 1952 for the 
treatment of a dvanced breast carcinoma. The introduction of transsphenoidal 
cryohypophysectomy for this disease in 1969 (61) greatly simplified the proce
dure. Response rates and durations of hypophysectomy and adrenalectomy are 
about the same. 

Objective Remission After Transcranial Hypophysectomy in Four 
Published Series 

Authors 

Luft et al. 
Pearson & Ray 
Boesen et al. 
Peck & Olson 

Conway & Collins 

Total no. of 
cases 

54 
333 

92 
44 

No. of 
remissions 

(ref. 4 7) 

27 
144 

42 
16 

Transsphenoidal Cryohypophysectomy 

100 40 

Percentage of 
remissions 

50 
43 
46 
36 

40 
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Selection of cases more likely to respond is done in tlw 1-wme wny as for 
adrenalectomy (Section IVA2). \.Jhen disease reactivntes following a response 
to adrenalectomy, perhaps 20% of patients will respond to hypophysectomy 
(56). This aggressive sequence is rarely followed because of its hazards, 
and recurrent disease following adrenalectomy is generally treated with 
combination chemotherapy. 

Hypophysectomy can be either incomplete or excessive. Hobbs and co
workers have found that in certain patients who fail to respond to hypophy
sectomy, prolactin levels rise rapidly in the early postoperative weeks, 
while in responders both growth hormone and prolactin fall to very low levels 
(62). On the other hand, hypophysectomy is complicated by diabetes insipidus 
in up to 75% of cases (56). 

Replacement therapy consists of cortisone as for adrenalectomy, plus 
thyroid hormone equivalent to 120 mg dessicated thyroid per day. Mineralo
corticoids are not necessary. Diabetes insipidus has been managed with nasal 
pitressin (56). 

The mechanism of action of hypophysectomy is not understood fully but 
presumably derives from subtraction of adrenocorticotrophic hormone and of the 
mammotropic polypeptides prolactin and growth hormone. The effects of pro
lactin and growth hormone are suggested from the studies of Hobbs et al . (62), 
but since most patients who respond to adrenalectomy do not subsequently respond 
to hypophysectomy (56), the role of these mammotropes is not clearly defined. 

4. Medical endocrine ablation 

a. Antiestrogens 

The compounds nafoxidine and tamoxifen were initially synthe
sized with contraceptive intent but were ineffective as such in man (63). Their 
antiestrogenic effects are evident in uterine growth and vaginal cornification 
assays (64), and their mechanism of action may be the binding and depletion of 
intracellular estrogen receptor molecules (65). Animal studies revealed anti
mammary tumor effects (66), and clinica1 trials in advanced breast cancer were 
begun about 10 years ago. About 1 / 3 of unselected postmenopausal patients 
respond to therapy (67). 

CLINICAL TRIALS OF NAFOXIDINE IN BREAST CANCER 

No. of 
Response 

Investigator Patients Number - Rate (%) 

E.O.R.T.C. 108 30 28 
Engelsman et al. 15 5 33 
Bloom & Boesen 52 18 35 
Sasaki et al. 23 8 35 

Total 198 61 31 

(Ref. 6 7) 
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Responses in one study were equally distributed among soft tissue, visceral 
and osseous metastases (68). Patients who respond to another form of endo
crine mnnipu1 nt ion are more likely to respond to nafoxidine (67). However, 
Snsnki found th:1t among patients r e fractory to other forms of hormonal therapy 
;md cllpmotherapy, I ; ·3 responded to this agent (o9). The major toxicity is 
dermatologic, with ichthyosis, photosensitivity and hair loss (67). 

Similar therapeutic results have been achieved with tamoxifen. Dr. Ward 
of our Department of Radiology has obtained responses in the range of 40% on a 
dose of 20 mg twice daily (70). 

EFFECT OF TAMOXIFEN ON BREAST TUMOR SIZE AT THREE MONTHS 
ON 10 MG. OR 20 MG. TWICE DAILY 

Tumors larger 
No change 
< 50% shrinkage 
> 50% shrinkage 

10 mg 

13/33 (40%) 
3/33 (9%) 
5/33 (15%) 

12/33 (36%) 

Side effects - Hot flashes, nausea 

(Ward - Ref. 70) 

20 mg 

8/35 (23%) 
6/35 (17%) 
7/35 (20%) 

14/35 (40%) 

The advantage of tamoxifen is its negligible toxicity (hot flashes, nausea, 
mild thrombocytopenia in 10% of cases). Resistance to tamoxifen therapy has 
been noted in women whose serum estradiol levels increase or whose basal 
prolactin levels are increased and do not fall during treatment (71). 

Based on his initial experience (70), Dr. Ward is preparing a protocol 
for the study of tamoxifen in various circumstances in advanced breast cancer. 
The planned sequence is outlined below and will be a joint venture of the 
Departments of Radiology, Medicine and Surgery. 
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T AMOXIFEN STUDY 

PATI ENT SELECTION 

Disseminated or inoperable breast cancer 

Expected survival at least 3 months 

Slowly progressive disease 

Primary or metastatic lesions contain estrogen receptors 

PATIENT GROUPS 

Premenopausal to I year postmenopausal 

I - 10 years postmenopausal 

> 10 years postmenopausal 

T AMOXIFEN STUDY 

PREMENOPAUSAL- I YEAR POSTMENOPAUSAL 

~Oophorectomy~ 

No Response Response 
I 

Progressive or Recurrent 
Di ase 

Chemotherapy 

T amoxifen Adrenalectomy 
I I 
Progression or Recurrence 

L CROSSOVER J 
Tamoxifen Adr";,a lectomy 
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T AMOXIFEN STUDY 

I - 10 YEARS POSTMENOPAUSAL 

A. Diagnosis in Premenopausal Period 

Adrenalectomy 

B. Diagnosis in Postmenopausal Period 

~~- RANDOMIZE ""~ 
T amoxifen Androgens 

Progression or Recurrence 

CROSSOVER 

Tamoxifen Androgens 

renalectomy 

T AMOXIFEN STUDY 

> 10 YEARS POSTMENOPAUSAL 

J RANDOMIZE l. 
T amoxifen Estrogens 

Progression or Recurrence 
CROSSOVER 

Tamoxifen I 
Progression or 

Recurrence 

~ 
Androgens 

I 
Progression or 

Recurrence 

J, 
Chemotherapy 

Estrogens 
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W<· :1ntic·ip:1te that lllis protocol win hl' nctiv~ted within the 1wxt few months. 

M:111y q11l•sL ions :ll){)ul anl:fl•strogl•ns are unanswered ilt the present tl.mc. Are 
anlicstrogens as effective as ndrennlectomy in women who respond to c<Jstrntion? 
How should antiestrogens be used in postmenopausal women with hormonally respon
sive tumors? Are these agents effective after relapse on androgens or estrogens? 
Should they be used prior to other additive therapies? Are they an effective 
substitute for androgen or estrogen therapy in women who cannot tolerate these 
standard sex hormones? What hormonal responses to treatment might provide early 
indications of response or resistance to therapy? Many studies will be required 
to answer these questions. 

b. Inhibition of prolactin secretion 

The rationale for diminishing prolactin secretion in women 
with disseminated breast cancer comes from experimentation with chemically-induced 
rat tumors, which regress . when the animals are treated with inhibitors of prolac
tin secretion (72). L-dopa and various ergot derivatives (such as 2-bromo 
a-ergocryptine) inhibit prolactin secretion in animals by stimulating the secre
tion of P.I.F. In women with breast cancer, L-dopa has provided some relief of 
bone pain (73), but for effective inhibition of prolactin secretion doses need to 
be given practically continuously (74). Preliminary trials with bromocryptine 
have not been particularly encouraging (75, 75a), but stronger and longer-acting 
inhibitors need to be developed for trials before abandoning this approach. In 
patients with incomplete hypophysectomies as judged by resurgent prolactin secre
tion, Hobbs et al. found that bromocryptine arrested progressive disease (62). 

c. Inhibition of adrenal function 

Aminoglutethimide blocks the conversion of cholesterol to preg
nenolone; this is the initial step in steroid hormonogenesis. Compensatory in
creases in ACTH levels antagonize this blockade, but these increases can be 
blocked by large doses of dexamethasone (76). Regimens containing 1000-2500 mg 
aminoglutethimide, and 0.75-3.0 mg dexamethasone per day have been effective in 
reducing metastases in about 30% of women with advanced breast cancer (76, 77). 
Substitution therapy with Florinef is necessary in these women. The toxicity of 
aminoglutethimide includes CNS depression but this is minimal at therapeutic 
doses (76, 77). 

B. Additive hormonal therapy 

1. Androgens 

Large-scale studies in the 1950's by the Cooperative Breast Cancer 
Group (78) and the AMA Council on Drugs (79) conclusively demonstrated that both 
androgens and estrogens were effective palliative treatments in advanced breast 
cancer. Testosterone propionate, 100 mg IM 3 times weekly, became the early 
standard androgen and produced objective regressions in 10-30% of women (78, 79). 
The higher rates pertain to women more than 10 years beyond the menopause (79). 
Osseous and visceral metastases may respond more often than soft tissue metas
tases [30% vs. 18%, respectively (79)], but not all studies confirm this differ
ence (78). Median duration of response is about 10 months (80). Virilization 
is the most significant side effect and has prompted the synthesis of a host of 
newer androgens, each bearing the claim of higher ratio of anti-tumor to viriliz
ing activity. Our preference is fluoxymesterone (Halotestin), in a dose of 10 mg. 
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3 times daily. Testololactone has very little if any virilizing activity but is 
less effective in achieving regressions (81). 

The mechilnism of action of androgens is not clL'ar. L<lrge doses m;l'>' intt'r
fere with the action of estrogens on the tumor cells (82). 

2. Estrogens 

The large scale trials referred to above (78, 79) showed that estro
gens were generally preferable to androgens in the treatment of advanced breast 
cancer, particularly for women more than 5 years postmenopausal. Estrogens are 
contraindicated in premenopausal women, many of whom have estrogen-dependent neo
plasms. Response rates in the range of 30-40% were recorded in early studies 
(78, 79) and rose to greater than 50% in women over age 70 (79, 83). 

Up 
60 
70 
80 

Age 

to 59 
to 69 
to 79 

REGRESSION OF BREAST CANCER FROM ESTROGEN THERAPY 
IN RELATION TO AGE 

Tumor Regression Significance 

11 of 62 (18%) 
29 of 90 (32%) 

p < 0 . 01 
18 of 46 (39%) 

and over 27 of 46 (59%) > 
(Ref. 83) 

The median duration of remission is about 15 months (80). Soft tissue lesions 
respond more often (41%) than osseous (30%) or visceral (32%) metastases (79). 
Precise response rates may depend on the stringency with which regressions are 
defined. Rarely, after a prolonged response followed by renewed tumor growth, 
a regression is obtained on withdrawing estrogen therapy. These women are then 
likely to respond to androgens (83). 

Toxicity includes nausea, fluid retention, breakthrough bleeding and occa
sionally hypercalcemia in women with osseous metastases. Hypercalcemia usually 
occurs early in therapy and requires cessation of estrogens. Therefore, calcium 
determinations should frequently be drawn in the first 2-4 weeks of treatment. 
We generally use · ethinyl estradiol 0.5-1.0 mg three times daily, gradually build
ing up to this dose to avoid nausea. 

The mechanism of action of estrogens is poorly understood. It is a fascinat
ing observation that estrogens worsen the disease in premenopausal and perimeno
pausal women, yet promote dramatic regressions in many postmenopausal women. One 
should remember that pharmacologic doses of estrogens are being given to tvomen 
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whose tumors are no 1onger dependent on estrogens for growth. Perhaps these 
l nrgl' clMws force n portion of the t umor c:ells to differentiate and thereby 
lose their pro1iferative potential; without thl' support of correspondingly 
];1rge doses of other mnmmotropic hormones, these cells· then die . 

3. The choice of estrogens versus androgens in postmenopausal women 

Androgens may be preferable to estrogens in women less than 5 
years _ postmenopausal, but neither hormone is likely to be as effective at this 
time as they may be later in life(79). For relatively healthy women of this 
age in whom endocrine responsiveness is suspected, I would recommend adrenalec
tomy or hypophysectomy first, based on Dao's findings ( 47, 84). In women more 
than 5 years postmenopausal, the choice between androgens and estrogens is 
largely empirical, yet estrogens have the edge in every age group ( 78, 79). 
Frequency of responses of sof t tissue and visceral metastases are h igher with 
estrogens than androgens, and the response rate of osseous lesions to both hor
mones is about equal (78, 79). 

EFFECT OF HORMONAL THERAPIES ACCORDING TO THE 
SITE OF THE DOMINANT METASTATIC LESIONS 

(POSTHENOPAUSAL WOMEN) 
Study A 

Site of Metastasis Number Responders/Total Treated 

Soft tissue 
Osseous 
Visceral 

No. 

6/ 33 
25 / 80 

3/ 10 

(Ref. 79) 

Androgens Estrogens 

% No. % 

18.2 33 / 81 40.7 
31.3 7/ 23 30.4 
30 8/ 32 25 
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Effect of Hormonill Therapies According to the Site of the Dominant 
Metastatic Lesion 

(Number of Responders / Number of Treated Patients) 

Study B 

Dominant lesion Testosterone propionate Diethylstilbestrol 

No. % No. % 

Breast 9/36 25 14/41 34.1 
Osseous 7/ 86 8.1 10/78 12.8 
Visceral 8/121 6.6 20/121 16.5 

Total 24/243 9.9 44/240 18.3 

(Ref. 78) 

Therefore, estrogens are preferred for all but osseous disease, where androgens 
may be preferable because they are associated with a lower incidence of hyper
calcemia . If response to androgens is not obvious after 12 weeks of therapy, 
estrogens should be tried, and vice versa. Often, the choice of initial hormonal 
therapy is dictated more by a concern for possible toxicities or patient tolerance 
than by a consideration of response rates. 

4. Progestational agents 

Although seldom used, many workers have attested to the value of pro
gestins in advanced breast cancer (85-91). For example, Edelstyn found that oral 
norethisterone acetate, 10 mg 4 times daily, achieved a 41% objective remission 
rate (90). Several factors were identified that together predict a much higher 
response rate. These included predominantly local recurrences, slowly evolving 
disease (greater than 2-year disease-free interval), and age greater than 55 (90). 
The mechanism of action is unknown. 

5. Glucocorticoids 

Glucocorticoids produce regressions in only 10-15% of patients and 
are generally used only as a last resort, or perhaps in combination with cyto
toxic drugs (80). However, their role in managing hypercalcemia of breast cancer 
is a major one. The possibility that breast tumors produce an osteolytic sterol 
that is blocked by glucocorticoid treatment requires further confirmation (92, 93) 
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C. Summary of endocrine manipulations in the treatment of breast cancer 

Factors favoring a response to endocrine manipulation in the treatment 
of advanced breast cancer are listed below, along with contraindications. 

Selection of Patients for Endocrine Manipulation 
in Therapy of Advanced Breast Cancer 

1. Expected survival of at least 3 months 
2. Disease-free interval (after curative surgery) of at least 

2 years 
3. Previous r e sponse to endocrine manipulation (e.g., oophorectomy) 
4. In perimenopausal women, estrogen effect on vaginal smear 
5. Presence of estrogen receptor proteins in tumor homogenates 

Contraindications to Endocrine Manipulations 
in Therapy of Advanced Breast Cancer 

1. Rapidly advancing hepatic, pulmonary or central nervous system 
metastases 

2. Expected survival less than 3 months 
3. Failure to respond to oophorectomy 

It is vital that the patient have an expected survival of at least 3 months and 
preferable that she have slow-growing disease, since responses to endocrine 
manipulation are slow. Responses often require 6-12 weeks to begin and often 
continue for an even longer period (80). Newer techniques helpful in identify
ing endocrine-responsive tumors are discussed in Section V. 

A simplified diagram of possible sequences of endocrine manipulations in 
the treatment of disseminated breast cancer is shown below. 
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SEQUENCES IN ENDOCRINE THERAPY OF ADVANCED BREAST CANCER 

Premenopausal Perimenopausal 
(within 5-10 years of 

menopause) 

~~----------~~~--------~J 

(up to 

/ 
Antiestrogens 

Oophorectomy Androgens 
..,.,. (30-40) (20-30) 

1 year after menopause) ~-

(40-75) Antiestrogens 
- or -

Hypophysectomy 
(45-75) 

Progestins 
(25) 

~ 

~ 

COMBINATION CHEMOTHERAPY FOR ENDOCRINE-UNRESPONSIVE TUMORS 

(Numbers in parentheses indicate average rates of response.) 

(+ response) 
(- no response) 
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SEQUENCES IN ENDOCRINE THERAPY OF ADVANCED BREAST CANCER 

Postmenopa usal 
( > 10 years) 

Estrogens 

/(30)~ 

Androgens 
Antiestrogens 
Progestins 

J, 

± 
Antiestrogens 
Androgens 

(10-20) 

COMBINATION CHEMOTHERAPY FOR ENDOCRINE-UNRESPONSIVE TUMORS 

(Numbers in parentheses indica te average rates of response.) 

D. Acquired resistance to endocrine manipulations - possible mechanisms 

Much more needs to be learned of the mechanisms by which tumors ini
tially responsive to alterations in humoral environment subsequently become 
resistant. Further understanding of these mechanisms might lead to new modes 
of therapy . It is generally assumed that with progression of the neoplasm, 
particularly under the pressure of one hormonal environment, variant clones 
are selected that can grow in this environment. This assumption tells us 
nothing of the mechanisms of resistance, however. Two general pathways to 
loss of dependence can be envisioned. First, a tumor cell might synthesize a 
substitute for a. circulating hormone and thus gain independence over exogenous 
supply. Recent evidence suggests that normal and malignant human breast tis
sue can synthesize estradiol from Cl9 steroids (94, 95), but this synthesis 
should be blocked by adrenalectomy. More provocative is the suggestion that 
breast tumors might convert replacement cortisol to estrogens after oophorec
tomy and adrenalectomy (96). If this mechanism prevailed, hormonal antagonists 
would be required. A second and more likely mechanism of resistance is a 
change somewhere along the pathway of intracellular hormonal action (reviewed 
in Section V) - a change which would uncouple the cell from external hormonal 
regulation. For example, an altered steroid receptor might be synthesized 
that would bind to nuclear chromatin without initially binding to the steroid. 
The development of variant human mammary tumor cell lines that maintain and 
lose dependence on various hormones in vitro opens up the possibility of analyz
ing these mechanisms of resistance (~ 7, 12). Particularly valuable lines for 



- 30 -

this purpose are those that synthesize specific gene products such as 
<:1.-lill't;Jlhumln. The molecular genl'tics of expression of this protein can then 
IH~ Htudie cl in hormonal]y dependent and independent cell lines. 

V. Improving the selection of patients likely to respond to endocrine 
manipulations 

A. Rationale and early attempts 

Approximately 30% of unselected women with advanced breast cancer respond 
to various forms of endocrine manipulation (Section IV). The uncertainty of 
these responses exposes these women to an unfortunate lottery, since all of these 
treatments have unwanted or dangerous side effects. Therefore, for many years 
various clinical and laboratory indicators have been sought that would accurately 
predict response to these maneuvers. Many of these clinical indicators have 
already been mentioned. In this section, I will review various laboratory tests 
of prediction. 

In 1960 Bulbrook promulgated the use of a "discriminant function" relat
ing the urinary excretion of 17-keto- and hydroxycorticosteroids. He found that 
women excreting large amounts of etiocholanolone relative to 17-hydroxycorticoids 
generally had a good response to ablative procedures (97). Although several other 
groups agreed with Bulbrook, general confirmation of these findings has not been 
forthcoming (98). Too many other variables such as age, obesity, malnutrition and 
advanced illness affect the discriminant to make it a generally useful measurement 
for predictive purposes (24). 

Dao showed that women who excrete more than 10 I.U. estrogen/24 hours were 
more likely to respond to adrenalectomy than women excreting lesser amounts (47, 
60). Although this finding has a rational basis, other workers were unable to 
confirm this correlation (99). 

B. Hormone receptor studies (100, 101) 

These important studies are based on the plausible supposition that for a 
tissue to remain dependent on hormonal influences, the intracellular pathways of 
hormonal action must remain intact. Almost all the interesting work done in this 
area has been with estrogen and progesterone receptors, and a brief review of the 
molecular biology of steroid hormone action will clarify the relevant clinical 
studies. 

Steroid hormones are thought to act by passively diffusing into target 
cells which each contain 10,000 cytoplasmic protein molecules that bind the 
steroids with high avidity (dissociation constant 10-8- lo-10M)(ll,l2). Follow
ing binding, the steroid-receptor complex is translocated to the nucleus where it 
becomes associated with both specific and nonspecific chromatin acceptor sites 
(11, 12) . In poorly understood fashion, this association "opens up" specific 
areas of the genome for transcription of specific mRNA molecules that code for 
proteins characteristic of hormonally conditioned tissue, e.g., hen oviduct 
ovalbumin (11, 12). Interestingly, one of these proteins synthesized following 
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estrogen treatment of target tissue is a progesterone receptor (102). 

1. Estrogen receptors (ER) 

Jensen and collaborators first studied ER in cytoplasmic extracts of 
human breast cancer tissue (103). This work was based on earlier observations 
that breast tumors that respond to ablations incorporate more 3H-hexestrol in 
vivo than do nonresponsive tumors (104). The methodology of receptor detection 
is straightforward and requires the association of radioactive estrogen with a 
high molecular weight substance after incubation with cytosol (101). Specificity 
is confirmed by a control incubation with a vast excess of nonradioactive estro
gen or analogue, which dilutes out specific binding of the radiolabeled hormone. 
Using these techniques, Jensen's group found that approximately 60~ of breast 
tumors assayed contained ER (101). More importantly, about 50% of the patients 
whose tumors contained ER responded to all sorts of endocrine manipulations, 
while less than 10% of those patients whose tumors lacked ER responded to these 
therapies (101). These results have been extensively confirmed by }1cGuire's 
group and others (100, 101). Representative response rates in receptor-positive 
and receptor-negative tumors are shown below. Determination of response rates 
and ER were performed independently by separate teams of investigators before 
the data were correlated. 

OBJECTIVE BREAST TUMOR REGRESSIONS IN TERMS OF 
ER* ASSAY AND TYPE OF THERAPY 

Therapy ER+ ER-

Adrenalectomy 40/76 4/41 
Castration 28/43 2/74 
Hypophysectomy 9/14 0/12 

Total 17/133 (58%) 6/127 

Androgen 10/28 2/22 
Estrogen 38/60 2/49 
Glucocorticoid 15/32 0/19 

Total 63/120 (52%) 4/90 

Nafoxidine 12/17 (70%) 0/16 

*ER - Estrogen receptor 

(Ref. 101) 

(5%) 

(4%) 

lO%) 
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Measurement of ER is a major advance in patient selection for endocrine 
therapies primarily since this test provides a way to eliminate more than half 
of the nonresponding population from consideration for these therapies. That 
is, receptor-negative patients (about 40% of all patients; 70% of all patients 
are unresponsive to endocrine therapy) almost never respond to endocrine therapy. 

2. Progesterone receptors (PgR) 

Horwitz et al. hypothesized that hormonally unresponsive tumors that 
contained estrogen receptors might have lesions at a more distal point in the 
pathway of estrogen action (105). To test this hypothesis, they analyzed tumors 
for an estrogen-dependent protein, the progesterone receptor (PgR)(l02). The 
hypothesis, if true, might provide a way to select hormonally responsive tumors 
from the ER-positive group. One prediction of this hypothesis is that ER-negative, 
PgR-positive tumors would be very rare, and in a series of 50 tumors none were 
found (105). 

Pg~ 
EI(f) 20 
EJ:E) 0 

PgF€) 
16 
14 

More interestingly, among the ER-positive tumors, in a very small series, only 
those that also were PgR-positive responded to endocrine therapies. 

COMPARISON OF ER, PgR, AND TUMOR RESPONSE TO 
ENDOCRINE THERAPIES IN NINE PATIENTS 

Abbreviations: Hx, hypophysectomy; Ov, oophorectomy; 
A, androgen (fluoxymesterone) 

Patient ER PgR Response 

1 + + + 
2 + + + 
3 + + + 
4 + 0 0 
5 + 0 0 
6 0 0 0 
7 0 0 0 
8 0 0 0 
9 0 0 0 

(Ref. 105) 

Therapy 

Hx 
Ov 
A 
Ov 
Ov 
Ov 
Ov 
Hx 
Hx 
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These results, if confirmed in a larger study, may provide even more precise 
selection of patients for endocrine manipulation. 

3. Other hormone receptors 

Cytosol androgen receptors and plasma membrane prolactin receptors 
are now being measured in breast tumors, but results and correlation with 
response to endocrine treatments are not yet available. 

C. Prediction of response from in vitro dependence of tumor growth on hormones 

The hormone receptor studies have been criticized on the grounds that they do 
not actually measure a biologic response. It is easy to imagine models in which all 
the receptors would be present and yet the tumor would grow autonomously. Hobbs' 
group has developed a technique of incubating tumor slices with various hormone com
binations and then measuring growth by assaying histochemically for an enzyme (62). 
Obviously, this procedure has many technical problems and is not applicable to 
routine clinical use, but in preliminary studies Hobbs' group has obtained a good 
correlation between in vitro hormonal dependence and response of the patient to 
endocrine therapy (62). Other groups are carrying out similar work (106). 

D. Prediction of response from patterns of tumor metabolism of steroid hormones 

Adams (107) and Dao and Libby (108) showed that normal and malignant human 
breast tissues contained enzymes that form sulfate esters of various steroids. 
More recently, Dao and Libby found a correlation between response to adrenalectomy 
and preferential sulfation of dehydroepiandrosterone (DHEA) in tumor tissue (47). 

SULFOKINASE ACTIVITY IN TUMOR AND RESPONSE TO ADRENALECTOMY 

No. of patients 

30 
46 
29 
4 

Total 109 

Sulfokinase activity 
in tumor 

DHEA:E-176 Ratio 

No activity 
< 1 
> 1 

1 

(Ref. 47) 

Response to adrenalectomy 

Remission 

6 (15%) 
21 (73%) 

3 

30 

Failure 

30 
40 

8 
1 

79 

Women whose tumors contained no sulfokinase activity uniformly failed to respond 
to adrenalectomy. Other studies suggest that steroid sulfokinases may be found 
when ER are present (109). 
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