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SUMMARY 

Extensive data concerning the tumorigenic effects of oestrogenic and progestagenic compounds in 
numerous species of animals indicate that dosage, genetic strain, age and duration of exposure are 
critical factors in eliciting such hormone-induced tumours. The occurrence of vaginal adenocarcinoma 
in the off-spring of women exposed to oestrogen during pregnancy extends the animal data to the 
human being. 

Recently accumulated epidemiological studies establish a negative association between the incidence 
of benign breast tumours in women and exposure to oral contraceptives. However, the incidence of 
breast cancer is shown in a number of case-controlled retrospective studies to be unaffected by oral 
contraceptive use except for certain subsets consisting of unacceptably small numbers. Moreover, these 
studies relate to a follow-up period which is too brief for definitive evaluation since the human carcino- 
genic response is known to require one to two decades for full expression. 

The incidence of endometrial carcinoma has been found in a number of case-controlled retrospective 
studies to be increased in women using oestrogens for the control of menopausal symptoms. Some 
of these studies indicate a greater effect with more prolonged usage. However, other studies utilizing 
a different basis for identification of controls fail to demonstrate an increased incidence of endometrial 
cancer in oestrogen-treated menopausal women. 

It is clear that the currently available epidemiological data provide presumptive but not conclusive 
evidence of an increased incidence of endometrial cancer in oestrogen-treated menopausal women. 
More definitive studies are urgently needed to determine in more precise terms the relative incidence 
of endometrial cancer in oestrogen-treated and untreated menopausal women. 

INTRODUCTION 

The steroid-cancer hypothesis postulates that both 
endogenous and exogenous steroids and related hor- 
monally active synthetic compounds play a significant 
and possibly a etiologic role in the pathogenesis of 
cancer in steroid responsive tissues. 

The genesis of this hypothesis warrants our interest 
because it rests upon some of the earliest findings 

concerning the biologic action of the gonadal hor- 
mones. Initially, Allen and Doisy [l] in 1923 defined 
the essential somatic effect of the oestrogens in terms 
of their capacity to cornify the vagina of ovariecto- 
mized rodents. This actually led Allen et al. [2] to 
utilize colchicine to aid in the analysis of the stimu- 

lation by oestrogens of the mitotic activity in the 
vaginal mucosa and in the myometrium of the rat. 
With this technique they reported that a transverse 
section of the vagina at 37 h after a single injection 
of oestrogen contained up to 1585 mitotic figures. 
Comparable figures for mitotic activity were also 
reported for the oestrogen-stimulated uterus [3]. 
Hence, the experimenter had in hand a potent 
growth-stimulating agent which induced in the female 
genital tract the type of excessive mitotic activity 
generally associated with malignancy. 

These remarkable experimental findings appeared 
against a background of the earlier observation of 
Beatson[4] in 1898 that ovariectomy ameliorated the 
clinical course of breast cancer in women. However, 
it was not until 1919 that Loeb[S] demonstrated a 
similar ovarian dependence in breast cancer in mice. 

As the early preparations of the female sex hor- 

mone became available, their initial clinical use was 
attended by widespread concern as to their potential 
effect on the pathogenesis of cancer of the breast and 
the female genital tract. 

This concern was increased by the finding that the 

potent chemical carcinogens of the methylcholanth- 
rene type also belong to the cyclopentenophenan- 
threne family [6]. 

In many laboratories throughout the world a mass 

of experimental data accumulated indicating that oes- 

trogen administration is followed by regularly repro- 
ducible tumours in five species of animals and in eight 
organ sites [7-91 (Table 1). These included tumours 
of the breast, cervix, endometrium. ovary, pituitary, 
testicle, kidney, and bone marrow in either mice, rats, 
rabbits, hamsters or dogs. 

Nevertheless, the repeated failure of similar experi- 
ments to elicit neoplastic response in monkeys (M. 

rhesus) created substantial scepticism as to the poten- 
tial relationship of the rodent findings to 
man [lO-133. However, more recent studies have 
demonstrated malignant uterine mesotheliomas in 
squirrel monkeys following oestrogen administra- 
tion [14]. 

These animal investigations of the past 30 years 
have provided certain criteria as to the determinant 
factors involved in experimental tumour induction by 
exogenous oestrogens. The first of these is dosage. 
This has generally far exceeded estimated endogenous 
hormone production levels for the respective species 
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Table 1. Oestrogen and progestin-induced tumors in animals 

Species 

Mouse 

Mouse 

M ou SC‘ 

Mouse 

Mouse 
Mouse 

Hamster 

Rat 

Rat 

Rabbit 

Dog 

Dog 

Squirrel 
monkey 

Site References 

Breast 

Cervix 

Testis 

Pituitary 

Bone marrow 
Ovary 

Kidney 

Breast 

Pituitary 

Endometrium 

Ovary 

Breast 
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utilized. However, we lack data concerning the mini- very low frequency of carcinogenic response among 
mal effective doses required in most instances. exposed populations. 

A second factor is the genetic strain of the test ani- 
mals. Here we have most knowledge with respect to 
the mouse in relation to breast cancer. Both highly 
responsive as well as virtually unresponsive strains 
have been identified. Moreover, the genetic susceptibi- 

lity for the requisite interaction of hormone with the 
virus-like milk factor in inducing breast cancers in 
C,H mice is clearly established [7]. 

In relation to dosage, we are at a total loss to make 
any kind of extrapolation from the animal data. In 
general, it would seem that a chronic elevation above 
the level of endogenous oestrogen production would 
qualify as a potential carcinogenic dose. 

Age of onset of exposure has proven critical in 
numerous experimental situations. This has led to the 
impression that the younger an animal is during in- 
itial exposure, the more susceptible it will be to hor- 
monal tumour induction. This factor is further com- 
plicated by the critical role of duration of exposure, 
since it generally requires a substantial portion of the 
life span of treated rodents to effect tumour forma- 

tion [7]. 
It would seem useful, then, to anticipate that in 

human exposure a significant impact might be antici- 

pated from: (a) dosage levels; (b) age and chronicity 
of exposure; (c) ethnic or genetic derivation; and (d) 
the potential presence of predisposing virus-like fac- 
tors affecting the ultimate hormone response. 

This consideration is, of course, intimately related 
to the factor of duration of exposure. The animal data 

would not lead one to expect a tumour response from 
occasional, short-term adult exposure such as that in- 
volved in the post-coital pill or in suppression of lac- 
tation. However, such long-term exposures as are in- 
volved in chronic replacement therapy or in steroid 
contraception involving a substantial portion of the 
individual’s life-span would be most suspect. In the 
latter instance, one would also have the additional 
predisposing factor of exposure of young individuals, 
in some cases before the completion of their general 
somatic development. 

Of these factors, the genetic or familial factor 
appears to be most patently applicable, particularly 
in relation to breast cancer. The increased risk of 
breast cancer among daughters of affected women has 
led to inclusion of a warning on this point in the 
package inserts of oestrogen preparations. Con- 
versely, the very genetic heterogeneity of the human 
population may very well prove to be a basis for a 

In addition to these considerations, the prolonged 

latent period known to be involved in the human 
response to known carcinogens must be kept in mind 
in the evaluation of epidemiologic data in man. A 
follow-up period of one or two decades is known to 
be required for clinical manifestations in response to 
such human carcinogens as aniline dyes, arsenicals, 
nickel, asbestos, and ionizing radiation [15, 163. 

Some of these factors are put to a test in the highly 
conclusive reports from several sources which have 
recently demonstrated an association between mater- 
nal exposure to oestrogens during pregnancy and the 
subsequent incidence of vaginal adenocarcinoma in 
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the female children [17-201. The association is stat- 
istically highly significant and a number of the epide- 
miologic features of the syndrome fit the expectations 

outlined above. First, the overall incidence among the 
presumably exposed and genetically heterogenous 
population is very small. Thus, a review of a large 
population of exposed mothers at the Mayo Clinic 
failed to reveal a single treatment-associated 
case [21]. Jick et a1.[21(a)] have estimated the size 
of the exposed population and have deduced that a 
very low attack rate results. Nevertheless, the cumula- 
tive experience of an especially developed Registry 
has provided unequivocal evidence of an association 
between the disease and stilbestrol treatment and has 
characterized the syndrome in great detail. 

As in the animal studies, the dosages employed 
were very high, although some cases are associated 
with very low dosage and some with no known expo- 
sure. The data do not provide a distinct dose 
response curve, since most exposures were quite 

heavy. 
Most interestingly, the latent period for clinical evi- 

dence of carcinogenic response can be pinpointed 
with unique precision. The postnatal age of the pre- 
senting patient plus the 6 months or so intervening 
between the known critical period for exposure pro- 
vides a remarkably accurate measure of clinical 
latency. Accordingly, the age distribution of the pre- 
senting patients show a few cases to be younger than 
10 years of age and a few older than 20 years of 

age [18]. The distribution is classical for human car- 
cinogenic response [ 151. 

However, although most of the mothers received 
treatment throughout pregnancy, selected cases indi- 
cate a highly specific and fairly narrow critical phase 
of pregnancy for effective exposure. This aspect 
deviates from the laboratory worker’s expectation of 
a requisite sustained exposure. Hence, one may con- 
sider this remarkable effect to be a “terato-carcino- 
genie” effect rather than a usual type of postnatal 

carcinogenic response. 

Moreover, this remarkable phenomenon jumps the 
species gap between animal findings and human ex- 
perience. Yet it is considered that since only the “syn- 
thetic” type of oestrogen has been statistically associ- 

ated here, only this class of oestrogen need be held 
suspect for clinical usage. This bias in the data stems 
from the fact that in the dosages thought to be 
required at the time when these mothers were 
exposed, the cost differential between “synthetic” and 
“natural steroids” was so great as to preclude the use 

of the more costly agents. Hence the exposure of this 
group of patients, as well as of most women treated 
for other indications, was predominantly by synthetic 
agents of the stilbene type. It is fallacious to infer 
that the observed effects are attributable to any 
specific type of oestrogen, since we have no experi- 
mental evidence of any such d.ifferences in effective- 
ness between steroidal and nonsteroidal oes- 
trogens [7]. 

ENDOMETRIAL CANCER AND MENOPAUSAL 

OESTROGEN USE 

The association of endometrical cancer with exces- 

sive endogenous oestrogen, as in the case of women 
with Stein-Leventhal disease and with other forms 
of endogenous steroid derangement, suggests a 
chronic stimulatory effect on this responsive tissue. 

Hertig and Sommers[22], Gusberg[23], Gusberg and 
Kaplan[24], Speert[25], and many others have 
emphasized the pathogenetic relationship of adeno- 
matous hyperplasia related to excessive endogenous 

or exogenous oestrogen and endometrial cancer. 
Until recently, the study of the association of oes- 

trogen administration and endometrial cancer was 
limited to a number of epidemiologically meaningless 
reports. Thus by 1954 Ostergaard[26] and Freemont- 

Smith et a/.[271 cited 13 prior articles bearing on this 
relationship and reported a frequent occurrence of 
endometrial cancer in oestrogen-treated patients. In 

contrast, other equally inadequate reports indicated 
an absence of such an association [28,29]. Such 
studies lacked the necessary sample size and appro- 
priate controls to warrant any conclusion. 

More recently, eleven attempts to test the hypoth- 

esis of an association between oestrogen therapy for 
menopausal symptoms and endometrial cancer have 
been undertaken in epidemiological terms. Six of 
these studies are available in the formal litera- 

ture [3&35]. Some of their salient features are par- 
tially summarized in Table 2. The remainder of these 
studies have been communicated but are still in pro- 

cess of publication [3&40]. 
With two exceptions, these studies have indicated 

an increased risk ratio for endometrial cancer among 

menopausal oestrogen users. In most instances this 
increase is shown to be greatest among long-term 
users and to a lesser extent also among those receiv- 

ing higher dosages. 
Unfortunately, such case-controlled retrospective 

studies are so replete with potential sources of bias 
and inadvertent error that the data are subject to 
varied interpretations. The greatest difficulty hinges 
upon the adequacy of the controls employed. In one 

instance [32] the controls are women with gynaecolo- 
gic cancer other than endometrial cancer. So much 
is already known about the epidemiologic differences 
between women with, for example, cancer of the cer- 
vix and cancer of the endometrium that it seems inap- 
propriate to make this type of comparison. The neces- 

sity for care in the matching of controls in retrospec- 
tive case-controls studies cannot be overemphasized. 

It should also be appreciated that the findings in 
any study apply to the population under investigation 
and may or may not be pertinent to a different popu- 
lation group. Thus, the selection of oestrogen-treated 
breast cancer patients for study yield data of signifi- 
cance only for women with pre-existing breast 
cancer [41]. Similarly, patients enrolled in a pre-paid 
medical service or patients consulting a single phys- 
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Table 2. Salient features of six epidemiological studies regarding menopausal oestrogen use and endo- 
metrical cancer 

Senior Source of Risk Ratio Method of 
Author and Patient No. of No. of Risk by Duration Assessment of 
Reference Recruitment Cases Controls Ratio of USC Drug Use 

Zeil Prepaid 94 188 7.6 5.6(5 + years) Medical records 
[30.30(a)] medical 13.9 (7 + years) 

service 
Mack Affluent 55 191 8.0 2.8 (I year) Clinical records 

[311 retirement 8.8(8 + years) Local pharmacy 
community interviews 

Smith Local 317 317 4.5 Not sought Hospital records 
[32] hospital 

admissions 
Dunn University 55 78 I .o Not sought Hospital records 

L331 hospital 
admissions 

Gray Private 205 205 3.1 11.5(10 + years) Private files 

c341 practice 
McDonald Olmsted 145 580 I.0 7.9 (3 + years) Clinic records 

II351 county 
- 

ician will present differing features which may dis- 
tinguish them significantly for epidemiologic analy- 
sis [30, 343. 

One of the most unacceptable features of some of 
these studies is the inclusion of cases arising within 
the first few months of oestrogen usage. This inclusion 
is at odds with all that we know experimentally and 
epidemiologically about carcinogenic response since 
the prolonged latent period which is so characteristi- 
cally noted is lacking. This consideration raises the 
semantic issue of what type of response can be termed 

carcinogenic. It seems reasonable to consider that a 
carcinogenic response consists of any increment in the 
incidence of a proven malignancy inextricably con- 
nected with prior exposure to a given agent. 

The term “proven malignancy” is used advisedly 

since the vagaries of histopathological diagnosis, es- 
pecially in the case of hyperplastic endometrial lesions 
are widely appreciated. Hence. due consideration 

must be given to the potential impact of varying 
degrees of diagnostic precision in comparing cases 
and controls and in generalizaing from one study to 
another. These histbpathological considerations have 
been appropriately stressed by Kistner[4l(a)] and 

Richart and Ferenczy[4l(b)]. 
It would be unproductive to belabour these con- 

siderations further except to recognize that the epide- 
miologic findings to date require further extensive ela- 
boration before the apparently demonstrated associ- 
ation of endometrial cancer and menopausal oes- 
trogen usage can be regarded as conclusively con- 
sidered a cause and effect relationship. One can only 
infer that where there is such dense smoke there is 
quite probably also some fire. 

An additional phenomenon of interest is the occur- 
rence of endometrial carcinoma in oestrogen-treated 
women with gonadal dysgenesis. McCarty et a/.[421 
summarize the 13 cases thus far reported. Two such 

cases have also been recorded unassociated with prior 
oestrogen usage [42]. These rare findings are not of 
sufficient magnitude to permit any inferences as to 
a causal relationship to oestrogen. However, it is to 
be noted that these patients almost uniformly present 
an adenosquamous type of carcinoma. The remark- 
able resemblance between this type of lesion and the 
squamous metaplasia so readily produced in the 

rodent endometrium by chronic oestrogen adminis- 
tration is of interest. 

In this connection, the recent observation by Rea- 

gan[43] that the proportion of adenosquamous car- 
cinomas in proportion to adenocarcinomas of the 
endometrium has been increasing requires further epi- 

demiologic study. 

ENDOMETRIAL CARCINOMA AND ORAL 
CONTRACEPTIVES 

Endometrial carcinomas in young women using the 

sequential form of oral contraceptives have been 
reported [44,49]. In addition, two studies have clearly 
demonstrated a very frequent and early occurrence 
of endometrial hyperplasia, in some instances of the 
adenomatous type, in women using the sequential 

preparations or natural oestrogens for menopause 
symptoms [SO, 511. However, no properly designed 
epidemiological study has been developed either to 
test the actual pathogenetic effect of this form of oral 
contraceptive or to ascertain the actual role of dosage 
and duration of exposure. The limited observations 
recorded to date have, however, precipitated the with- 
drawal of sequential orals from use in the United 
States. It would seem desirable to further exploit the 
large-scale clinical experience with the sequentials to 
learn more about the nature and extent of these un- 
toward effects in young women. Such data would aid 
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in delineating the active role, if any, of sequential 

therapy in endometrial pathogenesis. 
In contrast, oral contraceptives consisting of oes- 

trogen-progestin combinations or of progestin alone 
appear to induce varying degrees of endometrial atro- 
phy. This is manifested clinically by reduction in men- 
strual blood loss as well as by intervals of amenorr- 
hoea. It would seem then that this type of effect would 
be the opposite of what is seen with the sequentials 
and would therefore militate against neoplastic 
change. Thus far, the more comprehensive studies of 
the combination oral contraceptives have adduced no 
evidence of an increased risk of endometrial 

cancer [52]. 

BENIGN AND MALIGNANT BREAST DISEASE 

The complex hormonal relationships of the normal 

breast in such varied physiological states as adoles- 
cence, maturity, pregnancy, lactation, the menopause, 
and old age. This multiplicity of endocrine factors 
is further complicated in the presence of benign and 
malignant breast disease. It is therefore difficult to 
rationalize endocrinologically a number of known 
clinical and epidemiological phenomena especially 
when they are potentially affected by drug usage. 

CERVIX CANCER AND ORAL 

CONTRACEPTIVES 

Nevertheless, certain positive associations with the 

incidence of breast cancer include multiparity, 
delayed first-term pregnancy, obesity, and family his- 
tory. It is clear that any interpretation of data relating 

to a study of drug usage and breast cancer without 
due attention to such effects would be of limited 
value [61]. 

The monitoring of the progression of cervical Twelve attempts have been made to determine the 
changes through dysplasia, carcinoma in sifu, to inva- role of combined oral contraceptive use or of meno- 
sive carcinoma by successive Papanicoluou smears pausal oestrogen use in the pathogenesis of breast 
supplemented by biopsy provides a highly useful tool disease [52,62-721. Except for one study on oral con- 
for the study of human carcinogenic response. A large traceptives [64] and two studies on menopausal oes- 
scale study of this progression in oral contraceptive trogens [65,71] no positive association between hor- 
users compared with users of vaginal contraceptives mone therapy and increased incidence of breast 
indicated that the frequency of changes in smear cancer was noted. In one of these positive studies [65] 
status was essentially the same in both groups [.53]. comparison was made between patients in a private 
However, frequency progression from Class III practice and in the general population, hardly a valid 
smears in oral contraceptive users was double that comparison. In the other two [64,71] positive associ- 
found for those using vaginal methods [53]. Similarly, ation was observed in only certain subsets yielding 
Stern[54] compared the frequency of progression very small numbers. Such observations require ad- 
either from normal smear status or from initial dys- ditional substantiation of true effect. Accordingly, one 
plasia to either beginning dysplasia or carcinoma in must infer for the present that no truly impressive 
situ in users versus non-users over a 7-year period. effect of either type of hormonal therapy on breast 
The data indicated that users with initial normal cancer has thus far been demonstrated. However, 
smears showed the same frequency of change to dys- there is general agreement that several of the above 
plasia as non-users. However, prolonged oral contra- cited cancer studies not only present problems in in- 
ceptive use was associated with a highly significant terpretation but also fail to cover a sufficiently long 
increase in rate of change [54]. period of drug use [52]. 

The multiplicity of methodological problems in 
such studies frustrate any definitive conclusions. Es- 

pecially noteworthy among these is the vagary of 
cytological and histological diagnosis. Thus, Ory et 
al. [55] indicate that among 85 cases of previously 
diagnosed carcinoma in situ presented blind to two 
pathologists, one pathologist confirmed the diagnosis 
in 65 cases and a second pathologist confirmed the 

diagnosis in only 6 cases. 

An official report of the World Health Organiza- 
tion concludes: “The evidence currently available 

only applies to relatively short periods of oral contra- 
ceptive exposure and a very limited duration of fol- 
low-up. No inference can therefore be drawn about 

long-term effects of oral contraceptives or the sub- 
sequent risk of breast cancer” [73]. 

A number of other studies on oral contraceptive 
use and cervical pathogenesis yeild additional data 

which are equally inconclusive [56-601. 
On balance, however, it appears that oral contra- 

ceptive use alters the behavior of cervical epithelium 
in several ways, ranging from the production of cervi- 
cal adenosis and adenomatous polyp formation to an 
as yet unquantifiable and uninterpretable effect on 
progression from dysplasia toward non-invasive car- 
cinoma. Nevertheless, the role of so many potentially 
confounding factors in such studies require that any 
final conclusions must be deferred. 

In marked contrast, the data on the negative associ- 
ation between benign breast disease and oral contra- 

ceptive usage are most cogent and have been ably 
summarized by Ory et aI.[55]. Moreover, the as yet 
unconfirmed observation of Li Volsi et a[.[701 indi- 
cate that this negative association is limited to 
patients presenting lesions with limited epithelial aty- 
pia and is not demonstrable in cases with marked 

atypia who are considered to be cancer- 

prone [74,75]. These phenomena clearly indicate that 
the administered hormones are significantly altering 
some phases of breast tissue function and this in turn 
is being reflected for the short term in altered patho- 
genetic behavior. Although this immediately favorable 
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effect is substantial. one has no assurance as to the 
ultimate end-result of these tissue effects. Moreover, 
it is difficult to reconcile these phenomena with 

Fechner‘s findings that the histopathology of breast 
biopsies from pill users is in no way distinguishable 
from that of non-users [76]. 

LIVER TUMOURS 

Because of the rarity of hepatic tumours among both 

users and non-users of oral contraceptives, it has pro- 
ven essential to develop a registry for epidemiological 
and histopathological analysis [77]. These data 
together with a host of reports of small numbers of 

cases combined with the information provided by a 
recent survey [78] serve as a basis for concluding that 
a causal relationship exists. It is also apparent that 
this tissue response increases with dosage and 
duration of exposure and is not limited to any specific 
type of oestrogen. 

The morphology of these hepatic lesions ranges 
from focal hyperplasia to invasive carcinoma, the 
greatest number thus far being hepatic adenomata. 

We are ill-advised to attempt at this time to finally 

assess the potential epidemiological impact of these 
presently infrequent lesions. 

COhlMENT 

Our very valuable heritage of extensive studies of 
the long-term effects of steroids and related hor- 
monally active synthetic compounds in numerous ani- 
mal species provides a useful scaffold against which 
to project our observations in man. 

The tumourigenic capacity of hormonal agents 

have leaped the species gap from animals to man in 
the case of the vaginal adenocarcinoma seen in the 
daughters of oestrogen-treated mothers and probably 
in the occurrence of liver tumours in oral contracep- 
tive users. Both these effects exhibit a very low over- 
all incidence as would be predicted from animal ex- 

periments with a genetically heterogenous species like 
man. Yet we are ill-advised to presume that in our 
mongrel species all such tumourigenic responses must 
prove to be rare. For when we are dealing with a 
lesion like breast cancer which has high familial 
occurrence and yet such wide ethnic differences in 
incidence we should not assume that our genetic het- 
erogeneity will prove as protective as it has thus far. 

The paucity of sound epidemiological data con- 
cerning these problems despite several decades of use 
of these agents by millions of women is most regre- 
table. It is imperative that we marshal a greater effort 
to ascertain as completely as possible the actual result 
of the massive use of these agents over the years. 
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