INADEQUATE CORPUS LUTEUM FUNCTION:
A PATHOPHYSIOLOGICAL INTERPRETATION OF
HUMAN BREAST CANCER EPIDEMIOLOGY

BArRrY M. SHERMAN, MD, AND STANLEY G. KORENMAN, MD

Detailed hormonal studies of normal and abnormal human reproductive cycles
have led to the conclusion that inadequate corpus luteum secretory function
was one of the characteristic features of infertile and/or irregular menstrual
cycles. When the epidemiology of breast cancer was reviewed in that light, the
hypothesis was strongly suggested that estrogenic stimulation in the absence of
sufficient cyclic progesterone secretion may provide a setting favorable to the

development of mammary carcinoma.

Cancer 33:1306-1312, 1974.

NUMEROUS EPIDEMIOLOGIC STUDIES HAVE DEM-
onstrated breast cancer risk factors re-
lated to reproductive experience (Table 1).3°
These may be explained on the basis of in-
adequate function of the corpus luteum, a
common manifestation of disorders of follicu-
lar maturation. The altered hormonal en-
vironment of the mammary gland consequent
to persistent estrogenic stimulation, in the
absence of an adequate progestational phase,
may provide a hormonal setting in the mam-
mary gland favorable to the development of
carcinoma.

NorMAL PHysioLoGy

Recent technological .advances in the area
of hormone measurement have permitted the
sequential analysis of gonadotropins, estro-
gens, and progesterone during the normal hu-
man menstrual cycle.23%4% The hormonal
changes during the cycle reflect two dynamic
events illustrated in Fig. 1. Progressive follicu-
lar maturation culminates in ovulation, It is
followed by corpus luteum formation, matura-
tion, and decay. During each menstrual cycle,
estradiol secreted by the maturing follicle
reaches a peak serum level of 300-500 pg/ml
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at mid-cycle, in many cases 24-48 hours prior
to the LH surge.23®% There is a second rise in
estradiol levels during the luteal phase, pre-
sumably reflecting synthesis by the corpus
luteum. Estrone levels follow the same general
pattern as estradiol although a substantial por-
tion results from peripheral conversion of
adrenal androstenedione.*6

Serum progesterone levels which are in the
100 pg/ml range during the preovulatory half
of the cycle undergo a 100-fold rise to levels
of 10-15 ng/ml as the principal secretion of
the mature corpus luteum. Progesterone is re-
sponsible for the rise in basal body tempera-
ture, the change to the secretory state of the
endometrium, and transient changes in the
breast, manifested clinically as fullness and
tenderness.

The patterns of hormonal change recently
observed by measurements in serum were re-
flected in the measurement of urinary gonado-
tropins and steroid excretion products. Thus,
a mid-cycle gonadotropin peak and a mid-
cycle estrogen peak have long been observed,
while more recent studies have shown luteal
phase increases in pregnanediol, estradiol,
estrone, and the metabolite estriol.5:17.22.46 Of
particular note is that excretion of androgens
is increased during the luteal phase, including
androsterone and etiocholanolone as well as
individual and total 17-ketosteroids.3.20

During the menopausal years, excretion of
estrogens is low and attributed to conversion
of adrenal androstenedione to estrone.!> The
pattern of hormonal secretion during the pre-
menopausal years and progressively following
cessation of vaginal bleeding is not known.
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No. 5 Breast Cancer EpIDEMIOLOGY

HORMONAL INFLUENCES ON THE BREAST

In man, as well as other animals, estrogens
and progesterone each have a distinct role in
glandular development, estrogens acting to
cause duct elongation, and progesterone to
bring about alveolar proliferation. Progester-
one has its most profound effect during preg-
nancy, but may exert similar influences albeit
to a lesser extent during each luteal phase.?8
The presence of receptors indicates that the
organ is a target of the hormone involved.
Estrogen receptors have been found in neo-
plastic human breast and are presumed to be
present in the normal epithelium as well,
though not readily demonstrable.21.2¢ Recep-
tors for other hormones, particularly proges-
terone, have not been demonstrated in human
breast tissue.

In vitro studies on mouse mammary ex-
plants demonstrated that the hormonal re-
quirements of the breast go far beyond estro-
gen and progesterone. Insulin, hydrocortisone,
and prolactin were required for growth of
mammary tissue in vitro and for synthesis of
the milk protein casein, and the components
of lactose synthetase 4?48 Human chorionic
somatomammotropin (HCS) has been found
to satisfactorially substitute for prolactin in
the stimulation of casein synthesis, indicating
that the high levels of both hormones during
pregnancy regulate the preparation of the
breast for lactation. Mammary gland prolactin
and HCS receptors have been demonstrated in
experimentally induced mammary tumors.®

At yet a higher level of integration, steroid
hormones, particularly estrogens, modify the
secretion of pituitary hormones. Estradiol ap-
pears to trigger the mid-cycle LH/FSH surge
and enhances the secretion of both growth
hormone and prolactin.88? It is therefore
reasonable to assume that in states of altered
ovarian function the breast is subject to the
consequenes of disordered secretion of both
ovarian and pituitary hormones.

PATHOPHYSIOLOGY OF THE ABNORMAL
MENsTRUAL CYCLE

Abnormalities of the menstrual cycle have
defied rigorous classification in spite of their
frequency and clinical concern. Broadly con-
sidered, such disorders can be divided into
three categories: 1) primary amenorrhea, and
secondary amenorrhea or oligomenorrhea; 2)
with; and 3) without evidence of androgen
excess.

« Sherman and Korenman 1807

Primary amenorrhea is often the result of a
chromosomal defect. Circulating estrogen lev-
els are low, while gonadotropins are increased.

Secondary amenorrhea may result from
premature ovarian failure, a rare occurrence,
or a disturbance of the pituitary gland or hy-
pothalamus. Recent studies employing the
hypothalamic gonadotropin-releasing hor-
mone indicate that in patients with other-
wise normal pituitary function, secondary
amenorrhea may result from a defect at or
above the level of the hypothalamus.?! In our
laboratory, daily measurement of serum estra-
diol and progesterone in six subjects with
secondary amenorrhea showed concentrations
equal to those found during the normal fol-
licular phase.#®

Menstrual cycles which occur at irregular
intervals are common during the years directly
following menarche and directly preceding
menopause.** Irregular cycles persist through-
out reproductive life in some individuals,
while in others, cycles become progressively
rarer, frequently associated with weight gain
and the development of hirsutism.

Investigation of the hormonal changes
which occur during irregular menstrual cycles
and in infertile women is very limited. We
have recently assessed daily serum concentra-
tions of LH, FSH, estradiol, and progesterone
during six cycles in four obese women, two of
whom were hirsute. All had unpredictable
menses. In each case, vaginal bleeding was
preceded by hormone changes which reflected
follicular maturation and luteinization. How-
ever, luteal phase progesterone levels were far
below those observed in a group of 10 women
with normal cycles (Fig. 2).

Subnormal progesterone secretion during
a luteal phase of less than 10 days was ob-
served in 10 cycles in four women, three of
whom were unaware of any menstrual or

TaBLE 1. Breast Cancer Risk Factors
Increased Decreased No effect
Late first Early first pregnancy Oral

(early marriage)
Castration

pregnancy
Nulliparity
{non-married)
Early menarche Oriental
Late menopause
Obesity
Low androgen
excretion
LowE:/E: + E,
excretion

contraceptives
Lactation
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reproductive abnormality (Fig. 3). This en-
tity has been termed the short luteal phase
and is also associated with subnormal pre-
ovulatory estradiol levels and the absence of
a rise in estradiol during the luteal phase.#1:48

Low serum progesterone levels are reflected
in low urinary pregnanediol excretion. Inade-
quate progesterone secretion results in a fail-
ure to develop a secretory endometrium.
Biopsy of the endometrium has been used
clinically to assess corpus luteum function.1%
Using this technique to obtain samples of
endometrium 2 days prior to anticipated vagi-
nal bleeding, limited endometrial develop-

ment has been found to be associated with in-
fertility in from 6-209, of infertile women
with regularly occurring menstrual cycles.1®
23.32 The irregular cycles which occur follow-
ing menarche and prior to menopause may
also have inadequate corpus liteum function.
In a group of over 2000 infertile women, ages
15-50, Malkani found pre-menstrual endo-
metrial biopsies which reflected progesterone
insufficiency to be most common at the ex-
tremes of the reproductive age range and in
patients with cycles of 42-60 days in length.3!

It is therefore apparent that limited luteal
phase progesterone secretion occurs in the
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presence or absence of gross irregularity of the
menstrual cycle.

The epidemiologic importance of these find-
ings was strengthened by a study of premen-
strual endometrial biopsies from 87 women
with breast cancer and 50 normals. A normal
secretory endometrium was found in 689, of
controls and only 179, of breast cancer
cases.8

BreasT CANCER EPIDEMIOLOGY

The frequent occurrence of menstrual cycles
deficient in progesterone secretion may be the
physiological basis for the risk factors for
breast cancer indicated in Table 2.

Menarche and Menopause

Several studies have shown that women who
had menarche at 16 years of age or under had
almost twice the risk of developing breast can-
cer as those with later onset of menses.2 It
should be noted that these studies were per-
formed in populations with a higher mean age
at menarche and that the ensuing fall of the
average age of menarche consequent to im-
proved nutrition and other factors has been
accompanied by increasing rates of breast
cancer. Women with natural menopause at
age 55 or greater have twice the risk of breast
cancer as those with menopause prior to the
age of 45.4%

If a prolonged period of irregular and pre-
sumably progesterone-deficient cycles occurs
following menarche and prior to menopause,
estrogenic activity in the absence of normal
cyclic rises in progesterone secretion may re-
sult. Prolonged menstrual irregularity and in-
adequate corpus luteum function would also
directly affect potential fertility and the age
at first pregnancy, another strong factor in
breast cancer risk.

Parity

Early parity exerts a strong protective effect
against breast cancer. Women who have their
first child at age 35 or greater have over twice
the breast cancer risk as those who have their
first child under the age of 20.2* The finding
of increased breast cancer risk in nulliparious
women has been repeatedly confirmed since
first reported by Rigoni-Stern in 1842.3% It is
unknown whether early pregnancy reflects the
protective effect of establishment of hormon-
ally normal cycles, whether the hormonal con-
sequences of pregnancy itself exerts a protec-

Breast CANCER EPIDEMIOLOGY

+ Sherman and Korenman 1309

_ 20+

E i

s

o

[ = |5 -

w L

=z

g IOk

w

W L

O sl

T}

o L

@

0- SRS I BRD . Sy Se. WS, FE AR PR P

=20 -10 0] +10

DAYS FROM LH PEAK

Fic. 2. The mean and range of serum progesterone
during 6 cycles in four obese women with irregular
menses are compared to the mean = 2 SEM in 10 nor-
mal cycles (shaded area). Progesterone levels are syn-
chronized around the day of LH peak.

tive effect, or whether the initial pregnancy
exerts an effect to normalize subsequent re-
productive cycles.

Obesity

Obesity has been correlated with increased
estrogen excretion in the urine of post-meno-
pausal women and is related to the occurrence
of endometrial carcinoma. It is known that
carcinoma. of the breast and endometrium
frequently occur in the same individual.3?
Obesity in post-menopausal women has been
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Fic. 3. The mean and range of serum progesterone
during 7 cycles in four women with a short luteal phase
is compared to the mean * 2 SEM in 10 normal cycles
(shaded area). Progesterone levels are synchronized
around the day of LH peak.
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positively correlated with breast cancer inci-
dence.’ In young women of childbearing age,
obesity is often related to the occurrence of
oligomenorrhea and infertility. The relation-
ship of obesity during reproductive years to
the eventual development of breast cancer is
unclear.

Urinary Androgen Excretion

Some of the strongest data supporting a
hormonal defect in women with breast cancer
come from studies of urinary androgen ex-
cretion.®%.25 In 1960 Bulbrook observed that
women with breast cancer excreted less andro-
sterone and etiocholanolone than normal
women. Those with the lowest androgen ex-
cretion had a rapidly progressive course and
responded poorly to oophorectomy or adrena-
lectomy. Results of a recent controlled pro-
spective study demonstrated that the decrease
in urinary androgen excretion is detectable
up to 9 years prior to the recognition of breast
cancer.®

In women, androstenedione produced both
by the adrenal glands and ovaries is a prin-
cipal precursor of urinary androsterone and
etiocholanolone. The plasma levels, metabolic
clearance, and production rates of androstene-
dione are substantially higher during the
luteal phase than during the follicular phase
of the normal menstrual cycle! Inade-
quate corpus luteum formation would there-
fore result in diminished urinary androgen
excretion.

Urinary Estrogen Ratio

Several groups have investigated estrogen
excretion products in the urine of patients
with breast cancer. One group has reported a

TaBrLe 2. Possible Physiological Basis of
Breast Cancer Risk Factors

Risk factor Possible Physiological basis
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Early pregnancy Early establishment of normal

menstrual cycles

Relative infertility due to
inadequate corpus luteum
function

Increased life time incidence
of cycles with inadequate
corpus luteum function

Environmental “stress” pro-
ducing “‘psychogenic’ ame-
norrhea or oligomenorrhea

Low androgen excretion, Decreased luteal phase andro-
low E§/E1 + E, gens and estrogens due to
excretion inadequate corpus luteum

function

Late pregnancy and
nulliparity

Early menarche and
late menopause

Westernization
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decreased excretion of estriol relative to the
excretion of estrone and estradiol,26:33.3¢ and
suggests that estriol normally exerts a protec-
tive effect against the possible carcinogenic
properties of estradiol. Others have reported
that patients with breast cancer have normal
or even elevated levels of estriol in the urine
rather than low levels as noted above.1®

During the menstrual cycle, the urinary
estriol quotient (estriol/estrone + estradiol)
is greater than 1.0 during the luteal phase and
less than 1.0 during the follicular phase.5.17
Corpus luteum inadequacy and/or widely
spaced cycles would therefore result in a low
estriol excretion ratio.

Nationality

One of the most striking epidemiologic cor-
relations of breast cancer is the low incidence
of breast cancer in women in Japan and China
as compared to Western women.*27 To our
knowledge the incidence of irregular cycles
and infertility in women of Western cultures
has not been compared to that of Oriental
societies. Neither is it known whether the
change to a more industrialized culture has
been accompanied by a higher incidence of
menstrual irregularity or infertility, or a great
incidence of breast cancer.

Contraceptive Agents

Initial studies examining the incidence of
breast tumors in women who have taken oral
contraceptive agents have failed to demon-
strate an increased incidence of breast can-
cer.%13:38 Very incomplete information sug-
gests that oral contraceptive agents may exert
a protective effect on the potential develop-
ment of benign breast neoplasms.®® It is of
interest that all oral contraceptive agents
contain a high concentration of a progesta-
tional agent, and it is possible that a protec-
tive effect for breast tumors in the general
population may be exerted through proges-
terone-containing oral contraceptive agents.

CONCLUSION

Age at menarche and menopause, parity,
and androgen and estrogen excretion have all
been strongly related to breast cancer develop-
ment. Treated independently, these risk fac-
tors have been of little assistance in identifica-
tion of individuals with a predisposition to
breast cancer development or to our under-
standing of basic mechanisms involved in the
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genesis of breast cancer. In very practical
terms, the hypothesis that breast cancer risk
factors are the manifestation of inadequate
corpus luteum function can be tested epi-
demiologically. If correct, a vigorous attempt
can be made, early in reproductive life, to
identify and treat those who manifest luteal
phase inadequacy.

The hypothesis that breast cancer risk fac-
tors reflect abnormal regulation of the female
reproductive cycle directs attention to the in-
teraction of estrogen, progesterone, prolactin,
and the gonadotropins at the cellular level.
The carcinogenicity of estrogen in women has
been inferred from extensive animal experi-

« Sherman and Korenman
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mentation. It has been appreciated for some
time that castration of pre-menopausal women
harboring metastatic breast cancer results in
remission in a significant number of cases, and
within the past few years receptor proteins
which specifically bind estradiol have been
identified in some breast tumors. Surprisingly,
there is little information regarding the cellu-
lar mechanisms of action of progesterone on
the normal breast or its role in breast cancer.
Basic investigation is therefore necessary to
move us beyond the simplistic postulate that
unopposed estrogen effect is carcinogenic or
that adequate progesterone “protects” against
breast cancer development.
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