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SUMMARY

The aim of this study was to conduct a detailed examination of
hormone concentrations in the plasma of subjects with breast
disease., In particular, women with breast cancer were investigated,

and men with gynaecomastia.

Plasma oestradiol-17B, testosterone, luteinizing hormone, follicular
stimulating hormone and prolactin levels were studied in women with
breast cancer., All plasma hormone concentrations were within the
normal range although plasma testosterone levels were higher in

women with breast cancer than in normal women matched for age,

parity and menstrual status.

Pituitary releésing hormones were used to induce a rise in the
levels of plasma LH, FSH, growth hormone (GH), thyroid stimulating
hormone (TSH) and prolactin concentrations in patients with breast
cancer and the various pituitary function tests were compared. It
was shown that luteinizing hormone releasing hormone (LHRH) induced
a rise in the levels of plasma LH and FSH and thyrotrophic releasing
hormone (TRH), a rise in plasma TSH and prolactin. The addition of
TRH to LHRH did not affect the levels of plasma LH and FSH above
that produced by LHRH alone. TRH led to a higher elevation of
plasmé prolactin levels than chlorpromazine. A test consisting of
the administration of LHRH, TRH and insulin by infusion was found to
be the most suitable for studying pituitary function in women with

breast cancer undergoing yttrium implantation of the pituitary.

14



This test was then used to assess the pituitary function after
yttrium implant. Response of each hormone to its own releasing
hormone was used to assess the degree of pituitary ablation obtained
which, in turn, was correlated with clinical response., The results
showed that the more complete the ablation, the more likely there
was to be a clinical response, This test of pituitary function was
also used to assess the effect of quadruple chemotherapy on
pituitary function. The results showed that in women with advanced

breast cancer chemotherapy did not have a demonstrable effect on

pituitary function.

The effect of administration of the hormonal drugs - an
antioestrogen (tamoxifen) and a synthetic oestrogen (stilboestrol)
on plasma FSH, oestradiol-17B, testosterone and prolactin levels
were examined. Both drugs depressed plasma FSH levels, stilboestrol
having a greater effect than tamoxifen. Stilboestrol also induced
elevation of plasma prolactin concentrations. The effect of these
drugs on the concentrations of plasma hormones was, however, not

related to the clinical response of the disease.

These studies showed arpulsatile pattern of concentrations of plasma
luteinizing hormone (LH) in normal young men, which was absent in
both young and old men with gynaecomastia ana in normal old men. In
comparison to normal young men, young men with gynaecomastia had a
lower plasma LH level and consequently a 1oweréd ratio of LH to
folliecle stimulating hormone (FSH) LH/FSH ratio, while in comparison

with normal old men older men with gynaecomastia had a normal LH/FSH
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ratio, but raised values of LH and FSH. This group of older men
with gynaecomastia also had higher plasma oestradiol-17B (E2) levels
and a raised oestradiol-17B testosterone ratio, when compared with

normal men of a similar age.

From these results, it would seem that the causes of breast disease
are multifactorial which will be solved only after many related
aspects have been considered and discussed and further research
carried out. This thesis seeks no more than to make a contribution
to this discussion; nevertheless it is felt that certain aspects of
breast disease have been clarified and that sampling methods have

been identified to give a more accurate and realistic indication of

plasma hormone levels.,

Nothing discovered in the course of this work or in the study of the
literature, discounts a hormonal contribution to the cause of breast
cancer, It is believed that in the further refinement and
investigationbof the full role of these plasma hormones in male and
female breast disease, will ﬁhe cause of breast cancer be eventually

clarified.
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INTRODUCTION
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I _INTRODUCTION

Any individual woman stands a 1:14 chance of developing breast
cancer during her life. It ranks as the commonest cause of death in
women in the 35-40 age group and every year 12,000 women die of
breast cancer in the United Kingdom. Any part of the breast may be
affected by cancer but it most frequently commences in the upper

outer quadrant of the breast. Spread of the disease can be local,

lymphatic or blood borne.

Conventionally, cancer of the breast is graded according to
severity. The method used to stage breast cancer is the Union
Internationale Contre le Cancer (UICC) T.N.M. system in which
tumour, nodes and metastases are each classified. From these
"stages" of severity are constructed: stage I - growth confined to
breast; stage II - breast plus affected mobile lymph nodes in
axilla; stage III - tumours more than 5 cms in size, or tumours of
any size with direct extension to chest wall orAskin,Aor any tumour
associated with fixed axillary lymph nodes, or supra or infra
clavicular lymph nodes thought to be invaded; stage IV - as above
plus distant metastases., An example of an advanced case (stage IV)

of breast cancer with skull secondaries is seen in Figures 1 and 2.

Histologically, the commonest type of breast cancer is an invasive
duct carcinoma, Various histological types are described of which a
non-descript pattern is the most common (90%); histological

appearance of the type is seen in Figure 3.
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Fig. 1

Photograph of a patient with advanced cancer of the breast.



Fig. 2

Photograph of an X-ray of skull secondaries in the patient
in Fig. 1.



Fig. 3

Photomicrograph showing an invasive ductal carcinoma of breast.

(H § E Magnification x 150)



The results of treatment of breast cancer are poor and after 5 years
(from all types of treatment) only 68% with stage I are alive, 40%

of stage II and 15% of stage III and 2% of stage IV are still alive.

It is a disease which disseminates early but recurs late. Recent
evidence suggests that even 30 years after the initial treatment of
early cancer, women still have an excess mortality from metastatic
disease. "Statistical"-eure has not been demonstrated. However,
some 26% of women have 'personal cure' in that they die from some
other cause before their metastatic disease becomes evident
(Brinkley & ﬁaybittle, 1984). If the disease is to be cured, there
must be an understanding of the basic mechanism causing the cancer.

—

NORMAI, BREAST DEVELOPMENT
The breast is é.hormone target organ.

Studies in endocrine ablated rats indicate that oestrogen and
progesterone are required for ductal development, the added effect
of prolactin for alveolar formation and for full breast development
(comparable to that found in late pregnancy), four hormones are
necessary:oestrogen, progesterone, prolactin and growth hormone
(Lyons et al 1955, Cowie & Folley, 1958). Evidence that these same
hormones are necessary for the development of the human breast is
less direct. However, the coincidence of breast development with
the start of ovarian function during puberty, the effect of

oestrogenic hormones on male breast development (Fitzsimmons, 1944),
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the great hypertrophy of the breast during pregnancy and the atrophy
of the female breast which occurs after the menopause or in
hypopituitary states (Sheehan & Sommers, 1949) suggest that similar

mechanisms may apply in the human breast.

Breast Cancer

There is considerable experimental evidence that the hormones which
are so intimately concerned with the normal growth and function of
the female breast may also affect the development and progression of
mammary carcinoma., The most striking evidence that hormones are
invplved in the occurrence of breast cancer in humans was
demonstrated by a Glasgow surgeon, George Beatson. 1In 1896, he
demonstrated a case of a 33 year old woman who had local recurrence
of tumour in her mastectomy scar which healed when the ovaries had
been removed, With the discovery of cortisone, Charles Huggins in
Chicago, in 1952, reported that a similar effect in postmenopausal
women could be achieved by adrenalectomy. Evidence that the effect
of castration on human breast cancer was due to deprivation of
oestrogens was first reported by Pearson and his colleagues, They
measured urinary calcium in women with metastatic bone disease
during several menstrual cycles, following oophorectomy and after
administration of oestradiol and demonstrated a cyclical pattern of
urinary calcium'during the menstrual cycle which was abolished by
oophorectomy (Pearson et al, 1954). The dramatic fall in the level
of urinary calcium following oophorectomy was believed to be due to

reversal of bone breakdown as a result of removal of oestrogen
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stimulation, a belief strengthened by reversal of this effect by the
administration of ethinyl oestradiol. Further evidence for the
involvement of oestrogen in the growth of human breast cancer was
provided by the demonstration by Jensen and his colleagues (1971)
that the cytosol of 70% of breast cancers contained the same high
affinity binding protein for oestrogens as did other oestrogen
sensitive tissue. Initially believed to reside in the cytoplasm, it
is now suggested that oestrogen binding protein nofmally is situated
in the nucleus. The complex formed by oestrogen and its receptor
acts on the genome to stimulate cell growth and division and other
events, Breast cancers which do not possess this oestrogen

mechanism are insensitive to the action of the hormone.

A model for the study of hormonal effects on breast cancer is
provided by the MCF=7 cell line which was originally cultured from
ascitic breast cells; This is sensitive to oestrogenic stimulation
and in the absence of the hormone, or following the addition of an
anti-oestrogen (tamoxifen) to the culture mediuﬁ, growth is
suppressed. Similar effects have aiso been demonstrated in
transplants of human breast cancer into immune deprived (nude) mice

(Shafie, 1980, Seibert et al, 1983).
Similar evidence to implicate other hormones, eg progesterone,

testosterone, growth hormone and prolactin in the growth of human

breast cancer is less convinecing.
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Source of QOestrogens

In women the two major oestrogens secreted from the ovary are
oestrone and oestradiol 17B. In premenopausal women the majority of
the oestrogens are secreted, ie from the ovaries, the cyciieal
secretion from them produces high circulating levels of oestrone and
oestradiol 17B at various periods during the menstrual cycle. After
the menopause the circulating levels of oestrogens are much
diminished and are only present in small amounts. Most of the
oestrone and oestradiol 17B is not derived from ovary or adrenal but
indirectly by their synthesis at peripheral sites (liver, muscle and
fat) from aromatization of the androgen C19 steroids-—Au

androstenedione and dehydroepiandrosterone (Nimrod & Ryan, 1975).

‘There is also evidence that tumours possess several enzymes and can
convert C19 steroids into active oestrogens (Miller et al, 1982).
Studies show that there are a lot of C19 steroids available in the
breast which contains high concentrations of dehydroepiéndrosterone
sulphate and other androgen conjugates and can produce oestrogenic

hormones.

Risk of Breast Cancer

If the causes of breast cancer were fully understood then the risk
factors could be identified and preventative treatment of the women
at risk carried out, Hormones may also influence the risk of the

development of breast cancer.
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Dominant risk factors can be considered in two groups. (1)
geographical variations of the incidence of the disease and (2) risk
factors which occur within a given population. There are striking
differences in the incidence of breast cancer and its natural
history in different geographical areas. Most marked is the
difference in the incidence of breast cancer in Europe and the USA
and Japan, in which the incidence is eight times lower (Wynder et
al, 1963). There is now evidence that this incidence is rising, an
effect also seen in Japanese who migrate to the West, which suggests
-the importénce of environmental factors (Stocks, 1957, MacMahon,‘
1970). It is suggested that hormonal effects may explain these
differences, possibly by the effect of diet on the synthesis of
metabolism of oestrogens. Interest has, therefore, been expressed

in studies of the hormonal background of such women.

Estimations of urinary steroids were reported in populations of
normal women known to have a high or low risk of breast cancer.
Young Japanese women (low risk group) excreted a lower level of
urinary 11-deoxy=-17-oxo-steroids than young British women (high risk
group) while in the older age group the reverse was true (Bulbrook '

et al, 1964; 1967).

In a study of the normal women from Guernsey, Wang and his
colleagues (1976) measured plasma dehydroepiandrosterone sulphate,
androsterone sulphate and All androstenedione levels in these normal
British (high risk group) and Japanese women (low risk group) and

found that plasma dehydroepiandrosterone sulphate and AH
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androstenedione concentration was lower in the Japanese than the
British women., Plasma androsterone sulphate levels were lower in
all groups of Japanese women but not significantly so. These

results were contrary to expectation.

A study of the plasma oestrogen concentration was also carried out
in normal British and Japanese postmenopausal women (Bulbrook et al,
1976). These workers found that the concentrations of plasma
oestrogens in these two races were not significantly different
except in an adolescent group, They concluded that the difference
in the incidence rates in breast cancer in Britain and Japan did not
appear to be related to difference in plasma oestradiol-17B or

oestrone levels.

Within the population of women, whether at low risk or high risk of
developing breast cancer, women who have their first child at a
younger age are less susceptible to the risk of developing breast
‘cancer than those whose first full time pregnancy occurs later
(MacMahon, 1970). Thus, women who have borne their first child
before the age of 25 have about half the risk of developiné breast
cancer compargd to women who have their first child over the age of
30. Nulliparous women also are more at risk but less so than women
who have their first pregnancy after the age of 35 (MacMahon, 1970,
1973). It has been suggested that the number of menstrual cycles
which occur before the first full time pregnancy is the important
determinant of risk so that pregnancy with full stimulation of

breast development early in reproductive 1life is protective., In
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other words, it is confinements during the first ten years of
reproductive life which protect against the late development of

breast cancer (Smithers et al, 1952).

Attempts to define whether the hormone environment predisposes to
the development of breast cancer has been studied on the Island of
Guernsey (Bulbrook and Hayward, 1967;Bulbrook et al, 1969; Bulbrook
et al, 1971). Twenty four hour samples of urine were collected from
five thousand women over five and a half years and stored. As
patients with breast cancer emerged in the population their urine
was matched by those of ten to twelve controls and all were then
fully analysed. In the first report of women studied, twenty-seven
women had developed breast cancer and the mean excretion of
aetiocholanolone and androsterone in these women were then compared
with that in one hundred and eighty-seven matched controls and in
one thousand‘five hundred and six women in the population who had
not developed breast cancer. A group of these Guernsey women ih the
high risk category - (old at menarche, old at first child, family
history of breést cancer and a low urinary aetiocholanolone level)
were later studied further (Wang et al, 1979). Plasma samples were
taken'five years after the urine samples from three hundred and

eighty-six of these normal high risk women (aged 30-69).

The lévels of plasma androgens were found to correlate with the
excretion of urinary aetiocholanolone and the levels were at the
lower end of the normal range in this group, indicating that the low

level of urinary aetiocholanolone five years before was not an
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indicator of transient androgen production.

Other risk factors within a population include a family history of
breast cancer., A woman with a first degree relative who has
developed carcinoma of the breast is herself at greater risk than a
woman with no family history of breast caneerb(Anderson, 1971) and
such families providé suitable groups for hormone studies (Wang et
al, 1979). It is also relevant that the administration of
oestrogens given for hormone replacement is associated with an
increased risk of breast cancer (Hoover et al, 1976). Furthermore,
women who are deprived of ovarian function early in life have a

lower incidence of breast cancer (Herrel, 1937, Smithers et al,

1952).

In view of these facts it is not surprising that much work has
concentrated on the hormonal background of patients with established
breast disease, the effect of endocrine therapy on hormone levels
and hormonal changes which may increase risk. Such studies
initially depended on urinary estimates but with the availability of
new immune assay methods of greater sensitivity, plasma estimations
became available. Theée have now been applied and in this thesis
three studies, using immunoassay methods of estimating hormones in

circulating body fluids. are described.

These are:
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1) Detailed studies of plasma hormone levels in women with
established breast cancer, sampled consecutively and compared with

carefully matched controls.

2) Studies of the effect of anti-oestrogen therapy, hypophysectomy
and chemotherapy on hormonal levels in patients with advanced breast

cancer.

3) Comparison of plasma hormone levels in men with gynaecomastia and

normal hormonal subjects.

Each study is described following a review of the relevant
literature, but this has been confined to the time at which the
study was performed. Published reports which have appeared in later
years have been included in the discussion section which concludes

each study.

The methods of hormone assay which have been used in the separate
sections are all similar. These are described in a general methods
section which precedes the description of the three individual

studies.
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II

ENERAL METHODS
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GENERAL METHODS OF STUDIES OF PATIENTS

1. Plasma Collections

The protocol for plasma collections was similar in all subjects with
minor variations according to the study. Three types of plasma“
sampling were adopted.

a. Single blood samples at a fixed time each day.

b, Multiple blood samples at various intervals during the day.

c. Frequent multiple sampling in pituitary function tests.

a. Single Plasma Sampling

A single sample of blood was removed from an arm vein using an 18G
needle, The blood was then heparinised and centrifuged at 2,500
rpm for 10 minutes at -14°C., Plasma was pipetted off, subsequently
frozen and stored at -20°cC. If follow up samples from an
individual were required, these samples were taken at the same time
of day as the first sample and all the‘plasmas from a single patient

were then measured in one batch in the same assay.

b. Multiple Plasma Sampling

In certain studies blood was withdrawn at frequent intervals
throughout the day. The patients investigated were allowed to walk
around freely and to eat ﬁeals. An 18G teflon cannula with
stilette was inserted into an arm vein through which blood was
withdrawn, Plasma was prepared ahd stored as described

previously. Fig. 4 shows a patient undergoing this procedure.
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Photograph of a patient with breast cancer undergoing a multiple
plasma hormone study - note the cannula in situ in the right wrist.



C. Details of the sampling methods used in pituitary functionl

studies are described in Study 3.

2. Hormone Assay Methods

For technical reasons it has been necessary to have some assays of
the same hormone carried out in two different laboratories. The
laboratories involved were the Tenovus Institute, Cardiff and the
Immunoassay Section, Department of Clinical Chemistry, Royal

" Infirmary, Edinburgh.

Because of the differences in technique between the assays in the
twoylaboratories, it should not be assumed that the numeriéal
results obtained are strictly comparable or have the same normal
range. Within any one study, however, control and other group
values will have been obtained from the same laboratory by the same

method and are therefore comparable.

As the determinations of plasma hormone levels constitute the major

measurements within this project, it is pertinent to examine the

reliability of these measurements. This can be assessed under four
main headings (Borth, 1952). For an assay to be considered

reliable each of these criteria should be fulfilled.

a. Reproducibility
b, Specificity
C. Accuracy

d, Sensitivity
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a) Reproducibility

Reprodqcibility is the precision of an analytical measurement. It
is usually assessed as the coefficient of variation of the analysis.
Coeff. of variation = SD/x X 100%
where SD is the standard deviation,
X is the mean measurement.
The standard deviation may be assessed either from the variance of
many measurements about the mean from one sample or from the
difference between duplicate estimations on many samples. In
rdutine clinical chemistry, for example, the coefficient of

variation normally runs between approximately 1-7%.

b) Specificity

The specificity of a method reflects the extent to which only the
compound to be analysed contributes to the signal generated by the
detector used. Specificity may be examined by various methods
including:-

1) Analysis of fluids likely to be free from the hormone to be
measured eg. water or plasma from a subject who has had surgical
ablation of endocrine (hormone secreting) organs.

2) Compafison of the apparent concentrations of a hormone in
plasma before and after the addition of such compounds as might
interfere with the assay.

3) Comparison of the apparent hormone concentrations found on

analysis of different sizes of plasma samples.
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L) Examination of the apparent hormone concentration of plasma

found after purification of the sample to varying degrees.

c) Accuracy

Accuracy is;an assessment of the proximity of the measurement to the
true value (e.g. as measured by an ideal method). The accuracy of
an analytical method can be determined by measuring the percentage
recovery of known amounts of a pure compound added to the sample
before analysis (theoretically, after correction for any losses,

accuracy should be 100%).

d) Sensitivity

The sensitivity of a method for the determination of a substance may
be defined as the smallest mass of that substance which can be
distinguished with a given degree of certainty from zero.
Sensitivity is, therefore, particularly important when dealing with
measurements at low levels, It is frequently calculated from the
formula ts.{ﬁ_ where t=student's t value for p<0.01, s = standard
deviation at low levels, n = no. of measurements, Under certain
circumstances, sensitivity can be shown to be numerically -equal to
approximately twice the standard deviation of the method blank.
Sensitivity may also be influenced by other factors in addition to
the precision of the blank such as the size of the sample analysed,
the manipulative loss incurred prior to detection and the fraction

of the sample submitted for detection.
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In the sections which follow, the assays were carried out by two
different laboratories each of which have examined the reliability
criteria for their own assay(s); where possible, these data have

been included.

i. Plasma Gonadotrophins - LH and FSH

Females (Tenovus Institute, Cardiff)

The assay methods for LH and FSH were those described by Groom et al
(1977). The anti-sera for LH (F87) and FSH (M-93) were gifts from
Professor W. R, Butt, Birmingham Hospital for Women, the purified LH
for labelling (IRC-2) was from Dr. A Stockell Hartree, University of
Cambridge and the purified FSH for 1labelling (CPDS-13) from
Professor Butt. The non-radioactive LH standard was 63/15 while

the FSH standard was 2nd IRP HMG. All incubations were carried out

at 4°c.

Briefly, hormone standards and samples were pipetted in 100 ul
solution with 200 ul water and 200 ul of first antibody solution
(diluted 1:240,000 for LH and 1:500,000 for FSH) on Day 1. ' The
tubes were mixed and left overnight at 4°C. The following day, the
1251 j1abelled hormone (approx 1ng/ml) was added in 100 ul solution
and the tubes were re-incubated overnight., On the third day, the
second antibody was added in 200 ul solution and then left to
precipitate the double antibody complex overnight at 4°c, On Day
4, the precipitate was collected by centrifugation, the tubes were
decanted and drained and the precipitate was counted in a gamma

counter. The specificity of these assays has been examined by
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assay of standard pituitary preparations supplied by the Medical
Research Council: reasonable agreement was found between the
nominal and determined values for LH and FSH (Groom et al, 1971),
and discrepancies could be accounted for by known contamination of
the standard used. The within assay CV for each gonadotrophin
assay was less that 1049 at the levels under study and all samples
assayed in any one study were analysed within a single assay. The
lowest detectable level for LH was 0.5 u/l and that for FSH was 1
u/l, The range of values found in normal subjects were 0.5 - 80
u/l in pre-menopausal women, rising to 200 u/l in postmenopausal

wonmen,

Males (Immunoassay Section, Dept., of Clinical Chemistry, Royal
Infirmary, Edinburgh)

LH and FSH were measured by radioimmunoassay (Hunter et al, 19T7%) by
methods similar to those described above. The assay for plasma LH
employed anti-sera (raised in guinea pigs) to the LH preparation
DEAE 2 obtained from Dr. A Stockell Hartree, University of
Cambridge, and the assay for FSH employed anti-sera to the crude FSH
containing fraction CM-1 obtained from Professor W R Butt,
Birmingham Hospital for Women, LH for iodination was fraction IRC-
2 (Hartree) distributed as preparation T71/53 from MRC National
Institute for Biological Standards and Control (NIBSC). FSH for
iodination was fraction CPD 5/6 from Dr. Butt. The non-radioactive
standards used were for the LH assay preparation 68/40, and for FSH
68/39 both from NIBSC. Separation of bound from free peptides was

by double antibody technique using goat or rabbit anti-guinea pig
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gamma-globulin from Burroughs Wellcome.

The specificity of these assays has been considered in detail by
Hunter and Bennie (1975) who showed that there was little
interference by LH in the FSH assay (<0.035%) and FSH in the LH
assay (0.54%). Similarly there was little interference by TSH, as
shown by the fact that LH and FSH levels measured by these assays,
were unchanged when TSH had changed markedly iin vivo. However,
some samples supposedly devoid of human gonadotrophins did yield
slight responses in these assays due to matrix effects caus.ed by

substances of hlgh molecular weight (Hunter et al, 1973).

The within-batch precision of assays, assessed from duplicate
determinations was 11.8% for FSH and 15.4% for LH (n = 48 plasmas)

whilst between assay CV's were 10.2% and 11.54 for FSH and LH

respectively (n = 8 assays). The lowest detectable level of LH was

0.5 u/l and of FSH was 0.3 u/l.
The mean and range (+2SD) values for men with sperm counts of >60 x
106/ml were 5.50 (2.24-12.76) u/l for LH and 2.94 (1.29-6.70) u/l

for FSH, (n= 111 for both hormones), (Hunter et al, 1974).

ii, Testosterone

Males and Females (Tenovus Institute, Cardiff)
The method used was a rapid procedure for the specific determination
of testosterone as described by Joyce et al (1975). The assay

entailed extraction of plasma (0.25 ml or 0.05 ml in men, 0.5 ml in
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women) with 10 volumes of e{:hyl ether, The extract was then
evaporated to dryness and a simple biphasic solvent partition
between cyclohexane (4ml) and aqueous ethanol (2ml) was used to
remove cross-reacting steroids (11-0xo-C19 steroids). Quantitation
of testosterone was by saturation analysis (over the mass range
0.069 pmol-0.694 pmol) using an anti-serum raised in a rabbit
against testosterone 11d =-hemi-sucecinyl-bovine serum albumin at a

dilution of 1:6000. Separation of free and bound steroid was

achieved by using charcoal absorption.

The reproducibility of the assay was assessed from a series of
'duplieate measurements, At thev levels encountered in females, S.D.
was 1.35ng which it can be calculated is equivé.lent to approximately
O.10nm91/l, leading to a C.V. of 10% or less. Accuracy,
established by the addition of known amounts of testosterone (0-0.63
pmol) to plasma from an ovariectomised, adrenalectomised female,
‘ranged from 98.2-107.5%. The sensitivity of this assay was 0.076
nmol/l. The specificity of this method was confirmed by showing
that, firstly, similar values were obtained using an alternative
purification procedure, secondly less than 1% cross-reaction was
observed with 11B-hydroxytestosterone and other steroids tested with
the exception of dihydrotestosterone (11%4), and thirdly, that levels

were undetectable in the plasma from an adrenalectomised,

ovariectomised subject.
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iii.  Oestradiol-17B

Males (Immunoassay Section, Dept. of Clinical Chemistry, Royal
Infirmary, Edinburgh)

Females (Tenovus Institute, Cardiff)

Oestradiol-17B was measured by radioimmunoassay after extraction of
plasma with diethyl ether, using a specific antibody generated
against oestradiol-17B - 6-(0 - carboxymethyl) oxime-bovine serum
albumih. For samples from males, plasma (0.5 ml) was extracted
with 5 ml diethyl ether by vortexing for 2 mins,, and the ether
extract was evaporated to dryness (Bolton and Rutherford, 1976).
The residue was re-dissolved in 0;5 ml carbon tetrachloride and
back-washed with 0.5 ml 50 mmol/1l sodium hydroxide solution., An-
aliquot (0.2 ml) of the aqueoﬁs phase was used for radioimmunoassay.
» To 0.2 ml of standards (containing 2-100 pg oestradiol in 0.2 ml of
NaOH) or samples 18.l4 pmol (2.5 pg) [2,4,6,73H] qestr'adiol-‘l?B was
added a suspension of antibody coupled to a solid phase at a
dilution sufficient to bind about T0% of the added tracer in a final
volume of 0.5 ml, After overnight incubation, bound and free
steroid were separated by dilution and centrifugation. The mass of
oestradiol-17B present was determined from a semi-logarithmic plot
of the standard curve. The precision of the assay was estimated
from the values obtained for the same sample in 11 consecutive
assays. The inter-assay CV was found té be 20%. From the values
obtained from vthe same sample measured repéatedly in a single assay
the intra-assay CV was 7.7%. Accuracy, established by measuring
the recovery of 0.073-0.368 pmol of unlabelled steroid added perml

plasma, was found to be 91.1 + 7.0% (mean + SD, n=11). The working
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range of the assay was 7.5 - 370 pmol/l.

Specificity was achieved by using an antiserum selected with minimal
cross-reactions with the potentially interfering oestrogens. The
apparent concentration of oestradiol=-17B was not significantly
different when samples were assayed before and after chromatography
on Sephadex LH-20 to remove interfering steroids, indicating that,

in practice, the assay was highly specifiec.

Similarly, for samples from females, plasma (1 ml) was extracted and

the dried residue from ether extraction was used for

radioimmunoassay.

The assay was essentially as described above with the omission of
the back extraction into alkaline carbon tetrachloride. The
precision of the assay was assessed from replicate analysis of 0.2
ml samples for a plasma pool and was found to be 5.7% at a mean
level of 1190 pmol/l. Even at lower levels, within-assay precision
was less than 10%. The accuraéy of this method, assessed from a
series of quadruplicate determinations of the recovery of unlabelled
oestradiol-17B from a pool of plasma was greater than 90% over the
physiological range. The specificity of the method relies upon the
use of the specific aﬂti-E2-17B-6-BSA and less than 1% cross
reaction was observed with other steroids with the exception of

oestriol (3%) and oestrone (7%). Sensitivity of the assay was 30

pmol/1l.
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iv. Prolactin
Males and Females (Tenovus Institute, Cardiff),

All the plasma sampleskwere analysed using the method of Cole &
Boyns (1973) modified by Cole et al (1976) and described more fully
by Groom (1977). " This employed a rabbit antiserum raised against
an extract of amniotic fluid (antiserum RAT) capable of binding
human prqlactin'(HPr). Purified humaﬁ pituitary proiactin used for
labelling was provided by Dr. U J Lewis, and the unlabelled standard

was T71/222 from NIBSC. All incubations were carried out at 4°¢,

In brief, plasma (100 ul) was dispensed with 200 ul water and

incubated with 200 ul first antibody (rabbit antiserum R47 final

dilution 1:1200). A series of unlabelled standards (71/222) were

similarly mixed with‘water and antibody. AfterVQQéfﬁiéﬂf

incubation at 4°C, 100 ul 12ISI-IaLbelled prolactin (human pituitary)
was added and the incubation was continued overnight. On the third
day, 200 ul of the.second antibody (sheep antirabbit) was added and
the tube was left till the following day. On Day 4, the
precipitate was collected by centrifugation, the tubes were decanted

and drained, and the precipitate was counted.

The precision within an assay, assessed from analysis of multiple
plasma samples was iessrthan 10%. All samples from one study were
-analysed within the same assay. The specificity was established by
demonstrating parallelism between the displacements of radioaetively
labelled prolactin by samples of plasma and standards of human

pituitary prolactin. Although some cross-reaction occurred with
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human LH, FSH and TSH, this was eliminated by prior absorption of
the antiserum with human chorionic gonadotrophin (HCG). Cross-
reactions with human GH or human placental lactogen were

insignificant. The sensitivity of the assay was approximately 20

mU/1.

V. Growth Hormone (Tenovus Institute, Cardiff)

GH was assayed by a method similar to that used for plasma LH, FSH
and prolactin. This employed a rabbit antiserum obtained from
Burroughs Wellcome Ltd., Beckenham, Kent (RD16, final dilution
1:300,000). Purified growth hormone for labelling (69/46) was
donated by the National Institute for Medical Research, London while
the unlabelled standard was the 1st IRP (international reference

preparation) - human growth hormone (HGH) obtained from NIBSC.

In brief, plasma (100 ul) was dispensed with 200 ul water and
incubated with 200 ul first antibody (RD16, final dilution
1:300,000). A seriesiof unlabelled standards (1st IRP-HGH) were
similarly mixed with water and antibody. After overnight
incubation at 4°C, 100 ul 125 I-labelled GH (MRC 69/46) was added
and the incubation was continued overnight. On the third day, 200
ul of the second antibody (sheep antirabbit) was added and the tube
was left till the following day. On Day 4, the precipitate was

collected by centrifugation, the tube was decanted and -drained and

the precipitate was counted.
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The precision within an assay, assessed from analysis of multiple
plasma samples, was less than 10%. All samples from one study were
analysed within the same assay. Less than 1% cross-reaction was

observed with highly purified preparations of LH, FSH, TSH and

prolactin,

vi., ISH

(Tenovus Institute, Cardiff)

TSH was assayed using an antiserum (68/58) from the Medical Research
Council (MRC) and the material for labelling (DE-32-3) was obtained

from Dr, A Stockell Hartree. The unlabelled standard was MRC

standard A.

In brief, plasma (100 ul) was dispensed with 200 ul water and
incubated with 200 ul first antibody (68/58, final dilution
1:240,000). A series of unlabelled standards (MRC standard A) was
similarly mixed with water and antibody. After overnight
incubation at 4°C, 100 ul 125 I-labelled TSH (DE-32-3) was added
and the incubation was continued overnight. On the third day, 200
ul of the second antibody (sheep antirabbit) was added and the tubes
were left till the following day. All incubations were at 4°C, On
Daylﬂ, the precipitate was collected by centrifugation and the tube

was decanted and drained and the precipitate was counted.
The precision within an assay, assessed from analysis of multiple

plasma samples, was less than 10%. All samples from one study were

analysed within the same assay. Af'ter absorption of the antisera
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with HCG, less than 1% reaction was observed with highly purified

preparations of LH, FSH, GH and prolactin.

vii. Cortisol

(Tenovus Institute, Cardiff)

Cortisol was determined by the method of Fahmy et al (1975). One
hundred microlitre portions of plasma were diluted with 500 ul
ethanol, mixed and centrifuged. The supernatant extract was
decanted, dried under nitrogen and 100 ul antiserum (raised in
rabbits against cortisol-3-(0-carboxymethyl) oximo~bovine serum
albumen) was added to these tubes, and also to standard tubes
containing 0.14-2.20 p mols unlabelled cortisol. After mixing and
incubation for 30 min, at room temperature, [3H] cortisol solution
(100 ul containing 37,000 dpm) was added and incubation was carried
out for 1 hour at 30°C. After cooling in ice for 15 min.,, bound
and free hormbne were separated by the addition of 5 ml dextran-
charcoal suspension, cooled on ice for 15 min, and centrifuged. An

aliquot of the supernatant, bound fraction (0.5 ml) was used for

counting.

The reproducibility of thé assay was calculated from a series of
duplicate estimations. The standard deviation was calculated for
each of three different concentration ranges leading to intra-assay
precisions at the mid—pdint for each range of 15.3% (0-165 nmol/1,

n=10), 5.9% (165-550 nmol/l, n=31) and 3.5% (550-1102 nmol/l, n=31).
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The inter-assay precision was calculated from values recorded from
three individual plasma samples which were processeq in five
successive assays. The CV was 11.6% at a level of 380 nmol/1 + 41
S.D.y 2.3% at 650 nmol/1l + 15 S.D. and 10% at 1350 nmol/1l + 143 S.D.
The accuracy was assessed by determining the recovery of samples of
increasing masses of cortisol added to plasma which had been
obtained from a patient with Addison's disease and was known to be
of low cortisol titre, The recovery of added standard varied from

94,49 to 110.4% over the range of concentrations produced (0~-1322

nmol/l).

The assay, using anti cortisol-3-bovine-serum-albumin was highly
specific, This anti~serum cross-reacted only at levels of 7.1% and
49 respectively with 11-deoxy-~cortisol and corticosterone and none
-of the other naturally-occurring steroids which were examined cross-
reacted at levels greater than 0.7%. The sensitivity of the assay’

(derived from estimates of the standard deviation at low

concentrations) was 23 nmol/l,

3. Statistical Methods

Non-parametric statistical tests were used in most cases except for

the larger groups of men where parametric methods were used.
In the male patients the distribution of plasma LH and FSH values

were skewed both within individuals and for the distribution of

patient means (Fig. 5). The skewness was reduced by using
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Plasma LH and FSH concentrations in patients with gynaecomastia
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logarithms (Fig. 6). Thus for analyses the natural logarithms of
LH and FSH were used. Natural logarithms have the advantage that
their standard deviation is approximately the numerical equivalent
of the coefficient of variation of the sample value (Wide et al,
1973; Hunter et al 1974). In all other cases the raw values were
used. The parametric methods used were t tests, Hotelling's T2

test of which assume normal distribution.

To test whether the levels of the hormones tended to vary together,
Kendal's rank correlation () was used. The value T can vary from
+1 (when the values are completely correlated ) to =1, All other
cases give a value of between +1 and -1 (Kendal 1973).

Test for a pulsatile pattern of plasma LH and FSH

Several studies have shown that gonadotrophin levels particularly LH
vary in a pulsatile pattern both in males and females (Nanken and

Troen, 1971; Yen et al, 1972; Santen & Barden, 1973).

To examine for this possibility in the present date, a test by Moore
and Wallis (1943) was used and which is as follows:-

For a given series of hormone levels, the total number of steps is
the number of adjacent points with distinet hormone levels (ignore
any where there is no measured change). These steps are then
classed as upward or downward and the number of upward steps

compared with that which we would expect in a random series. (Fig.

7)0
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No. of distinct
steps = 13

s ‘T

.ignore . ignore No. upward = 9

In calculating number of upward and downward steps ignore the steps
where the levels remain the same.

The validity of this test is not affected by the variability of the

assay, although its power may be. The only property of the assay
which might affect it, is any drift effect, and quality control samples

were included throughout the assay to check for this.

Fig, 7

The diagram is an eXample of the Moore and Wallis test.



Although this test will give a significant result for various other
types of departure from randomness (e.g. a constant trend), a
smaller number of upward steps than expected from a random series is
at least a necessary condition for this type of pulsatile pattern.
This test was used in both the male patients with gynaecomastia and
the normal control subjects and in the women with breast cancer and
their controls where samples were taken every 15 minutes for 8

hours,

In comparing the two groups of women a similar statistical test to
the Moore and Wallis test was also used, namely Kendal's test which
was based on a comparison of the observed number of turning points
(rather than upward steps) to be expected if the sequence was random
with the observed number., Kendal's rank correlation coefficient is
represented by the Greek letter T. Like in a correlation
coefficient, it varies from +1 for complete positive correlation
through 0 for no correlation to -1 for complete negative correlation
(Swinscow, 1976). Both these tests should give a null result if
there is a completely random series. Kendal's test is better for

detecting cyclical variation while Moore and Wallis is better for

pulsatile pattern.

In calculating number of upward and downward steps ignore the steps

where the levels remain the same.

The validity of this test is not affected by the variability of the

assay, although its power may be. The only property of the assay
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which might affect it, is any drift effect, and quality control

samples were included throughout the assay to check for this.

_— e e R e e =

'Hormone increment' was the average of the hormone concentrations at
specified times after injection in a stimulation test (TableI),
minus the basal concentrations, Times were chosen after examining
plots of all the patients' data so as to cover the time span over

which any apparent response was evident.

Wilcoxon Signed Rank Test

Wilcoxon signed rank test is used on paired data and is the non-
parametric test equivalent to the parametric 'paired t' test. The
test is better than a paired t test when the numbers involved are

small, while the t test is better if larger numbers are involved

(Swinscow, 1976).

This test was used to compare the thormone increments' before and

after pituitary ablations. Wilcoxon's signed rank test was also
used to compare the values in the six women with breast cancer and

their six matched controls as the numbers involved in this study

were small.

Mann Whitney Test

The Mann Whitney test is a very similar test to the Wilcoxon two
sample test. It is a non-parametric test equivalent to the para-

metric, unpaired t test (Swinscow, 1976). It was used to compare
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TABLE I

Hormone Time in Minutes
GH/insulin 60, 90, 120
LH/LHRH 30, 60
FSH/LHRH 30: 50
TSH/TRH 20, 30
Prolactin/TRH 10, 20, 30
Prolactin/Chlorpromazine7 60, 90, 120

Times used to calculate increments of the

various plasma hormone concentrations after

releasing hormones.




the hormone values in the patients with breast cancer who did not

have pituitary function tests both before and after pituitary

ablation and the values were therefore unpaired.

Hotellings lﬁ-test

Hotellings T2 test is a parametric test and is the equivalent of a
simple t test when there is more than one measurement for each
patient, It is used to compare simultaneously levels of two cor-
related hormones between two groups and the resqlts are different
from individual t tests as the measurements are correlated within
each group. It was used to compare the levels of oestradiol-17B
and testosterone levels in the older men with gynaecomastia with the
older controls and also to compare the values of LH and FSH in the
young men with gynaecomastic and younger controls and the older men
with gynaecomastia and the older controls. Because changes in the
levels of plsam LH and FSH or in testosterone and oestradiol-17B can
be shown to be correlated in each group, Hotellings T2 test was
therefore used, which compared the difference between the means of

the two groups of hormones simultaneously.

This test is illustrated in Fig 8. In diagram (a) group I and
group II are each well separated on the LH and FSH plot, although LH
and FSH individually would show considerable overlap. In diagram
(b) there is no correlation within either group, and an ordinary t

test would be adequate in this situation.
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Hotellings T2 test - used to compare correlated plasma hormone levels.

a) In this example LH and FSH are correlated. Group I and Group II
are each separated on the LH and FSH plot although individually
LH and FSH would show considerable overlap.

b) In this example there is no correlation within either group and
an ordinary t test would be adequate.



III

HORMONAL, PROFILES IN BREAST DISEASE
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Study 1 - Plasma Hormonal Profiles in Women with Breast Cancer

1. Literature review

Considerable research has been performed in women with breast cancer
to determine whether circulating levels of hormone are of prognostic
value and to elucidate the effects of endocrine ablative and

additive procedures on plasma hormone levels, .

In the late 1950's and early 1960's the techniques then available
for assays of hormones were mainly bioassays and chemicals methods
and there were mainly, if not solely, applicable to urine, Twenty
four hour urine samples did have an advantage in that they
represented what was happening during a day, but it was difficult to
collect good urine»samples, and storage of assays was a problemn.
The recent development of precise assays by radio-immune methods has

allowed the estimation of concentrations of hormones in circulating

body fluids.

i. Oestrogens and breast cancer

In women, the two major oestrogens secreted from the ovary and
adrenal are oestrone and ocestradiol-17B, whose formulae are shown in
Table I1I. In the pre-menopausal woman, the majority of the
oestrogens is secreted from the ovary, while in the post-menopausal
woman, most of the oestrone and oestradiol-17B is derived, not from
a direct secretion from adrenal, which is small, but indirectly by
their synthesis at peripheral sites (liver, muscle, fat) fr§m

androgens C=-19 steroids Auandrostenedione and
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TABLE II

1. Oestrone

2. Oestradiol 17B

Main oestrogens secreted in the human.



dehydroepiandrosterone,

Oestrogens are metabolised or conjugated prior to excretion
primarily in the liver the principle ones being oestriol and
oestrone sulphate. The conjugate oestrone sﬁlphate is stongly
bound to albumen in the plasma and is excreted slowly by the kidney.
By éontrast, oestriol, in the form of glucuronide is rapidly
excreted. Oestrone sulphate thus is the major circulating
oestrogen (Purdy, 1961); oestriol glucuronide probably the major

urinary oestrogen (Brown, 1955).

Biologically, the most important naturally occurring oestrogen is
oestradiol-17B but both oestrone and oestriol have biological
activity. Oestrone sulphate acts only after hydrolysis, to jield
oestrone, but the hydrolysing enzyme is present in many tissues.
The carcinogenic potential of these three free oestrogens differs,
Oestrone and oestradiol17B have repeatedly been shown to produce
tumours in rats (Geschickler et a1,11942; Dunning et al, 1953;
Mackenzie, 1955; Cutts et al, 1961); oestribl, which has not been
as fully evaluated, has been found to be carcinogenic in mice
-(Rudali et al, 1975). It has also been reported that oestriol can
stimulate macromolecular synthesis in human breast cancer cells to
the same extent as oestrone and oestradiol-17B, can bind to
oestrogen receptor and can stimulate protein synthesis (thymidine

incorporation) of breast cancer in tissue culture (Lippman et al,

1977).
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a) Urinary oestrogens

Oestrogens are pr'esentrin the urine mainly in the form of
glucuronides and sulphates but small quantities of free oestrogen
are also present, In 1955-56, both Brown (1955) and Ba}lld (1956)
developed chemical methods for the accurat;,e chemical estimation of
small amounts of oestrone, oestradiol-17B and oestriol in human
urine, These were by hydrolysis of the urine extraction of the
oestrogens by chromatography on alumino columns and determination of

their concentrations by the Kober colour reaction.

Oestrogens in the intact female

Although these original methods were moderately precise and
sensitive, no convinecing association between urinary oestrogen
levels and breast cancer could be demonstrated, Never the less, it
was reported by ;3rown (1958) that postmenopausal women with .br'east
cancer excreted higher amounts of oestriol than normal controls;
Marmorston (1965) also reported abnormalities of oestrogen excretion
in women with breast disease. In this study premenopausal women
with breast cancer and benign breast disease excreted a
significantly lower percentage of total oestrogen as oéstrone and a
siénif‘icantly higher percentage of total oestrogen as oestriol than
did normal, sick (emphysema) and well controls; postmenopausal
women with breast cancer excreted significantly higher levels of
oestriol than similar controls, These findings have not been
confirmed. The results of early work on urinary oestrogens were
conflicting and confusing (Irvine et al, 1961; Jull et al, 1963;

Marmorston et al, 1965; Lemon et al, 1966; Schweppe et al, 1967;
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Arguelles, 1973).

Oestrogens in endocrine ablated females

Several groups of workers measured urinary‘oestrogens (using Browrﬂs
method) after oophorectomy alone in premenopausal women and after
oophorectomy and adrenalectomy in both pre and post menopausal
women, and reported that while residual excretion of oestrogens in
the urine might continue followihg these operations (Strong et al,
1956; Bulbrook and Greenwood, 1957; Birke et al, 1958) the
presence of urinary oestrogen did not appear to jeopardise the
clinical response to treatment, Continued excretion of oestrogens
was also found after hypophysectomy (Greenwood and Bulbrook, 1957);
there was no correlation between the oestrogen levels following this
operation and the clinical course (Scowen, 1958). The source of
oestrogens in patients whose ovaries, adrenals or pituitaries have

been removed remains obscure, Dietary factors have been

implicated.

However, the methods used for estimating urinary oestrogens were not
sufficiently sensitive at low values, to measure precisely the
amounts remaining in the urine in postoperative patients of this
type, and it became generally accepted that the measurement of
urinary oestrogens was of limited value in predicting response to
endocrine ablation. These criticisms also apply to urinary
oestrogens in intact women, In premenopausal women cyclical
variation is known to occur and for meaningful assessment daily 2%

hour collections throughout one or even two menstrual cycles are
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required. In the postmenopausal woman, urinary oestrogen levels

are very low and accurate chemical measurements are difficult.

Conclusion

Despite the amount of work put into measuring urinary oestrogens,
little has come out of it and it does not seem too productive to
consider further studies of this type. At the same time urinary
oestrogens did give some indication that one can not explain the
behaviour of breast cancer to endocrine treatment by changes in

urinary oestrogens.

b) Plasma Oestrogens

The introduction of radioimmuoassay methods in the late 1960's
(Abraham, 1969) for the measurement of plasma oestrogens both in pre
and postmenopausal women led to the reevaluation of the role of
oestrogens in breast cancer, The two oestrogens, oestrone and oest-
radiol-17B in normal pre and postmenopausal women have been assayed
by several workers (Baird, 1968; Abraham, 1969; Baird and Guevara,
1969; Korenman, 1969). Reported normal values are shown in Tables
IITI and IV, Tw0‘very/good studies in pre and postmenopausal women
have been described by England et al (1974 a & b). These workers
showed that the pattern of oestradiol-17B seéretion throughout the
menstrual cycle in the normal premenstrual woman was constant. from
decade to decade but that concentrations varied with age. The
average concentrations for any given day of the cycle were reported
to be higher in women in the Uth decade of life than either younger

or older women, In normal postmenopausal women, oestradioli7B
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levels were very low, while oestrone levels were slightly higher.
Day to day variation was slight. The concentrations of plasma
oestradiol17B was oestrone in pre and postmenopausal women with
early breast cancer or with advanced breast cancer have been
comﬁared with those in normal, healthy women by Wang and Swain
(1974). No significant difference in plasmé oestradiol-17B or
oestrone concentrations was found in either group of patients,
compared to controls; however, there was a trend in four, of higher
plasma oestradiol-17B levels in premenopausal women with advanced

breast cancer compared to the control group.

In 1974, England and his colleagues reported extension of their
earlier work in normal females to women with breast cancer. They
studied the plasma oestradiol-17B levels throughout one complete
menstrual cycle in thirty-one pre-menopausal women with benign
breast disease, and in ten pre-menopausal women with cancer of the
breast - aged 40-49 years. They also studied twenty-five
postmenopausal women with cancer of the breast, comparison of all
groups was with those in thirty-two normal premenopausal and twenty-
five normal postmenopausal females reported earlier. In the
premenopausal women with breast cancer, the mean oestradiol-17B
concentration was slightly but significantly greater than in the
normal women, In the postmenopausal women, the concentration of
oestradiol-17B was near the lbwer limit of the sensitivity of the
assay in both normal and cancer groups. There was no difference
between the values for the two groups. The authors suggested, that

studies in postmenopausal women might be more rewarding were
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oestrone to be assayed rather that oestradiol17B as the former is

present at rather higher levels. J

More recently it has been reported by Siiteri et al (1982) that the
percentage of free oestradiol 17B is important. - The percentage of
free oestradiol 17B was estimated by these workers in a group of
seventeen women with breast cancer and in controls matched for
weight and menopausal status. The mean value of free oestradiol 17B
in the women with breast cancer was significantly higher than in the
control group buﬁ neither the body weight or serum hormone binding
globulin (SHBG) was different. It was concluded that the elevation
of free oestradiol 17B was due to other factors than a fall in SHBG,
either due to competition by steroids or other substances for

oestradiol 17B binding to SHBG or an abnormal steroid binding site.

Conclusion
There appears to be no concensus of opinion that either urinary or

plasma oestradiol-17B concentrations are different between normal

women and women with breast cancer.

ii Androgens and Breast Cancer

In the early 1960's a great deal of interest was also taken in the
excretion of androgenic hormones in women with breast cancer, These
estimations were carried out originally in urine but, as with otﬁer
hormones, more sensitive radioimmunoassays were developed and deter-

minations in plasma became possible,
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(a2) Urine

Quantitatively the main androgens excreted in female urine are the
11-deoxy-17-oxosteroids (previously termed 17-ketosteroids). These
comprise aetiocholanolone, androsterone, dehydroepiandrosterone and

their conjugates. Their chemical structure is shown in Table V.

Interest in androgen excretion in women with advanced breast cancer
was aroused when Bulbrook et al (1960) showed that the pre-operative
levels of aetiocholanolone, especially when combined as a function
of the levels of hydroxycorticosteroids (17-0HCS) formed a
'discriminant function' which might predict the subsequent clinical
response of the patient to adrenalectomy or hypophysectomy. The
function was (80-80(17-0HCS mg/24 hours) + aetiocholanolone ug/24
hours). If this discriminant was positive, the likelihood of a
clinical response to hormone manipulation was greater than if it had

a negative value,

It was also suggested by Bulbrook et al, (1962), that the urinary
levels of aetiocholanolone were lower in women with early breast
cancer than normal controls but this was not confirmed by subsequent
workers in a number of centres, e.g. Ahlquist et al (1968); Wade et
al (1969); Cameron et al (1970); Miller et al (1975) who failed to
find differences. It is relevant that studies of profiles of
urinary androgen excretion in patients with lung disease and lung
cancer have revealed differences similar to these described by
Bulbrook in women with breast cancer, but reflect the degree of

illness in patients with terminal disease (Marmorston, 1966; Rao,
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. TABLE .V

1. Aetiocholanolone .~

—QO

2. Androsterone .,

3. Dehydroepiandrosterone

HO

The main ll-deoxy l7-oxosteroid androgens (unconjugated forms)
excreted in female urine,



1970).

Estimations of urinary aetiocholanolone were also measured in four
hundred and seventeen wémen, with either benign or malignant breast
.disease or with no breast disorder, the ages were between 20 and 70
years and the women came from South East Scotland and South
Wales (Miller et al, 1975). No significant differences in urinary
levels were detected between patients with breast disease, whether
benign or malignant or control patients. It was also noted that
the prognostic .values of pre-operative aetiocholanolone meaéurements
was limited in patients with early breast cancer. Low levels of
aetiocholanolone were associated with post-menopausal patients, a
group in which, the prognosis is generally poorer than that in

premenopausal women.

In another study (Grattarola, 1973) urinary testosterone was
measured in nineteen patients with breast cancer, clinically cured
5-15 years after mastectomy, and twenty-two breast cancer patients
who had developed lung and/or bone metastases during the same
period. All patients were between 50 and 65 years of age.
Thirty-five postmenopausal women (age range 52-65 years) without
breast cancer were taken as control subjeeﬁs. Urinary testosterone
was also measured in another group of postmenopausal women (age
range 58 to 68) who had developed lung and/or bone metastases from
other types of malignancies which had never been treated. It was
found that the mean value of the urinary testosterone level of thé

normal control group did not differ significantly from that of the
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clinically cured breast cancer patients or f‘fom that of the patients
who developed lung or bone metastases from other malignancies, The
urinary testosterone was found to be significantly above normal in
the breast cancer patients, who developed recurrences 5-15 years
after mastectomy for breast carcinoma. The conclusion was that
j.ncr'eased andogenic activity was the hormonal factor in the
development of breast cancer and that it can affect the course of

this disease in the years following treatment of the primary tumour.

(b) Plasma Androgens

Whilst the urinary excretion of androgens in women with breast
cancer has been studied fairly extensively, far less work has been
done on the measurement of these hormones in the blood. The main
androgens which have been found in plasma in females are
dehydroepiandrosterone, androsterone and their sulphates,
testosterone and /A 4 androstenedione. The chemical formulae for
these substances are shown in Table VI, These androgens are the
parent compounds of those which appear in the urine. Compounds
found in the urine are derived by reduction and conjugation
principally by the liver. The plasma compounds, being

unmetabolised material, may represent a more direct estimation of

androgen function,

It has been reported that plasma levels of 1T-oxosteroids are raised

in women with breast cancer compared with controls (Benard et al,

1962).
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1. testosterone

| 2. A 4 androstenedione

3. dehydroepiandrosteroné sulphate (DHAS)

4. androsterone sulphate

TABLE VI
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The main plasma androgens found in normal women



A subsequent study, however, by Deshpande (1965) of normal women and
patients with early and advanced breast cancer showed that levels of
plasma 17-oxosteroids in cancer patients did not differ from those
of the normal women. Plasma 17-0OHCS level was normal in the early
disease, but raised in advénced cases. In 1964, Deshpande and
Bulbrooke showed that the total 17-oxosteroids in the plasma are
mainly represented by dehydroepiandrosterone sulphate and andro?
sterone sulphate and subsequent studies in breast cancer have

concentrated on individual 17~-oxosteroids.

It was reported that the concentrations of plasma dehydroepiandro-
sterone sulphate were lower in a group of patients with advanced
breast disease than in a group of patients with benign breast
disease (Brownsey et al, 1972). These findings agree with the work
of Wang et al (1973) who reported that plasma dehydroepiandrosterone
sulphate (DHAS) concentrations in women with early or advanced
breast cancer was subnormal compared to the levels found in normal
women, A further study was carried out by Wang in two hundred and
eleven normal women, two hundred and two women with éarly breast
cancer before and after mastectomy and ninety women with advanced
breast cancer. Dehydroepiandrosterone sulphate sulphate and
androsterone sulphate were significantly subnormal after mastectomy
as they also were subnormal in women with advanced breast cancer.
However, there was no difference in the mean levels of plasma
dehydroepiandrosterone sulphate and androsterone sulphate in normal

women compared with women with early breast cancer before mastectomy

(Wang et al, 1974).
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In the Guernsey population, studied by Bulbrook and his colleagues,
Wang et al (1975) reported that these women with a family history of
breast cancer had levels of plasma C-19 steroids lower than those
who had no such association, The age adjusted geometric mean level
of plasma dehydroepiandrosterone sulphate and androsterone sulphate
were significantly lower in young sisters, (but not daughters) of
women with breast cancer than in controls, The greatest difference

was found in the younger age group.

It was reported by Thomas et al (1976) who used the Guernsey
populaﬁion as controls that plasma dehydroepiandrosterone levels in
women with both early and advanced breast cancer were lower than in
normal women. They were also lower in young women aged 20-29 with

benign breast disease.

Studies have also been carried out to determine the concentrations
of A 4 androstenedione in normal women and in women with early and
advanced breast cancer (Wang et al, 1977). No significant difference

was found between the mean levels of plasma g,u androstenedione in

normal women and those with early breast cancer assayed before
mastectomy. However plasmaAll androstenedione was subnormal in

patients with early breast cancer after mastectomy and in patients

with advanced breast cancer, In all groups, the plasma level of A\ Y
androstenedione was highly correlated with plasma levels of dehydro-
epiandrosterone sulphate. Simultaneous studies of plasma dehydro-:
epiandrosterone sulphate and /A 4 androstenedione levels in women

with breast disease were also reported by Rose et al, 1977. These
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included sixty-nine women with primary breast cancer (twenty-four

before and forty-five one month after mastectomy) and forty-nine

with advanced breast disease. The results were compared with
similar estimations in a group of sixty-two healthy women. Plasma
dehydroepiandrosterone sulphate levels were negatively correlated
with age, and in all three breast cancer groups, significantly
reduced levels were found, compar'ed with age-comparable controls.
No significant difference was found in plasma A Y} androstenedione
levels between the cancer patients and controls, Contrary findings
have also been reported. England et al (1981) found the mean
levels of plasma dehydroepiandrosterone sulphate to be lower in ten
normal women, compared with twenty-nine patients with breast disease
(twenty benign disease and nine early eancers)_ but not significantly
S0. No significant difference in plasma. dehydroepiandrosterone
sulphate concentrations between postmenopausal patients with Stage 1
or 2 breast cancer and normal postmenopausal women were reported by
Bird et al, 1981. These workers also found no significant
differences in plasma levels of festosterone A5 androstene3B 17B
diol, Ay androstenedione and dehydroepiandrosterone between these
patients and the control group. It was, however, found that the
mean plasma 5 ({dihydrotestosterone levels were lower for the
patients with breast cancer, In another report (Zumoff et al,
1981) comparing eleven women with primary breast cancer (aged 31-T8
years) and thirty-seven normal women, (aged 21-T5 years) a marked
and progressive decline of plasma dehydroepiandrosterone (DHA) and
the dehydroepiandrosterone sulphate levels varied with age only in

the normal women; in the cancer group the concentrations of both
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steroids rose as age increased. Premenopausal patients with cancer
had éggnormal plasma dehydroepiandrosterone and
dehydroepiandrosterone sulphate levels, postmenopausal patients had
§ggggnormal levels. When the ratio of dehydroepiandrosterone to
androsterone was calculated it was found to be normal in the
premenopausal patients but significantly elevated in the
postmenopausal patients. The authors suggested that subnormal
plasma adrenal androgen levels in the premenopausal patients was due
to diminished production while the elevated plasma levels in the

postmenopausal patients was due to slowed metabolic removal.

In sumnmary, plasma dehydroepiandrosterone and plasma dehydro-
epiandrosterone sulphate tend to be decreased in breast cancer
within a race but there are contrary findings. Menstrual status may
affeet the concentrations. The report that C-19 steroids such as

dehydroepiandrosterone sulphate inhibits breast cancer in mice lends

possible clinical relevance,

Sebaéeous glands are sfimulated by endogenous androgen with testo-
sterone, Aﬂ androstenedione and dehydroepiandfosterone as the
likely agents (Pochi et al 1963). There is some biological
evidence that patients with breast cancer have increased
androgenicity and various studies have suggested that thereiis
increased sebum excretion in patients with breast cancer (Krant et
al, 1968; Burtonet al, 1970; Wang et al, 1972).. These findings
suggested the possibility that postmenopausal women with advancing

breast cancer were, in general, in an androgen stimulated internal
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environment and, as a group, were different in this regard from
healthy postmenopausal women. However, Wang et al (1972) did not
find that high amounts of plasma oxosteroids were associated with

the higher level of sebum production in women with breast cancer.

Work also has been carried out in relation to plasma testosterone
Wang et al (1966). He compared the levels of plasma testosterone in
fourteen patients with benign breast disease, in twenty-four
patients with early breast cancer and nineteen normal women, No
difference in the plasma testosterone levels was found between the
three groups. In 1974, Horn and Gordon also studied plasma
testosterone levels in thirteen postmenopausal women. No
difference in the plasma testosterone levels was found between these
two groups. Jones et al (1977) measured plasma testosterone levels
in forty-four women with breast cancer and those in sixty-five women
with benign breast disease., Again no difference was found in the

plasma testosterone levels between the two groups.

iii  Progesterone and Breast Cancer
Progesterone is mainly secreted by the corpus luteum, It is a
hormone whose relationship to breast cancer has only recently

received attention.

Wang and others (1974) measured plasma progesterone levels in the
luteal phase in three hundred and forty-one control premenopausal
women, twenty-five patients with early and twelve with advanced

breast cancer. Assay was by competitive protein binding. The
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plasma progesterone levels in the group of patients with early
breast cancer was similar to those in the control group. In the
study all subjects with pfogesterone levels greater than 3 ng/ml of
plasma were considered to have ovulated, There was no evidence of
an increased incidence of ovulatory failure in patients with early
cancer, There was however, a significant increase in the incidence
of ovulatory failure in the advanced cases. The mean plasma
progesterone level of the patients with advanced disease who had
ovulated was not significantly lower than both the control group and
the patients with early breast cancer, Four obese normal women
with irregular menstrual cycles for six cycles were studied by
Sherman and Korenman (1974) who found that progesterone levels
during the luteal phase were far below those observed in ten women
] with normal cycles. These workers suggested that altered hormonal
environment of the mammary gland consequent to persistent
oestrogenic stimulation, in the absence of an adequate
progestational phase, i.e, "luteal phase deficiency", could provide
a hormonal setting in the breast favourable to the development of

carcinona,

Plasma levels of progesterone in ten postmenopausal women with early
breast cancer were compared with the levels in a control group of
fifteen postmenopausal women with early cancer atr other sites by
Smethurst et al (1975). The mean plasma progesterone was signi-
ficantly raised in the br;aast cancer patients compared to the

control group.
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Plasma progesterone levels were compared in fifty-three normal
British (high risk group) and fifty-four Japanese (low risk group)
(premenopausal, menopausal and postmenopausal) women - no
significant differences between the two groups were found (Bulbrook
et al 1976). In the following year Malarkey et al (1977) also
reported that the serum progesterone levels, determined pre-
operatively in sixteen women with benign breaét disease and
seventeen patients with breast cancer were similar to those found in
twenty-five age- and weightmatched control women. These patients

and controls were in the luteal phase of the cycle or were

postmenopausal.

iv Gonadotrophins and Breast Cancer

Direct attempts to correlate measurements of gonadotrophins and
pituitary function with the development of breast tumours or with
the clinical course of the disease have been relatively
unsuccessful, This was probably due to the lack of accurate
methods for measuring the pituitary hormones in the plasma until
recently. Even allowing for this, very few associations have been

demonstrated between pituitary function and tumour growth or

response to therapy.

Manj of the early estimations. or urinary gonadotrophins used
bioassay techniques, Compared with later radioimmunoassay methods
these methods were relatively insensitive and therefore much of the
early work may have to be reassessed. In 1958, Loraine used

biocassay to measure gonadotrophins in post-menopausal patients with
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breast cancer, Urine was collected for eight days, but the
variability between samples in some patients represented a twofold
difference in the gonadotrophin levels, Despite this he noted that
patients who failed to respond to stilboestrol therapy, had a
signif‘icahfly higher mean urinary gonadotrophin excretion than the
patients who obtained a remission. Urinary gonadotrophins were
later estimated in forty-one patients with advanced breast cancer
prior to adrenalectomy or hypophysectomy (Hayward et al, 1961.).
The difference between the levels in responsive and unresponsive
patients was not significant, but high gonadotrophin 1eve1$ tended
to be present in those who subsequently responded. The evidence
for alterations in urinary gonadotrophin excretion in breast cancer
patients and on the correlation of measurements with response to
hormone therapy are few and conflicting, With the development of a
radioimmonoassay for plasma LH and FSH by Midgley (1966;1967) more
accurate studies could be performed, and ‘consider-able basic
knowledge on the secretion of LH and FSH has become available.
This is regulated by complex interactions between releasing hormones
from the hypothalamus and ovarian hormones (Schalley et al, 1971).
Episodic pulsatile patterns of gonadotr'ophins' have been shown to
occur in pre- and postmenopausal women (Yen et al, 1972). A
periodieity of 1-2 hours was seen during the early follicular phase
and mid-cycle surge while a four hourly periodicity was seen in the
mid and late luteal phase. The frequency of pulses of LH and FSH
in the postmenopausal subjects was the same as in the follicular and

mid-cycle women - every 1-2 hours,
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Little, however, is known about the relationship, if any, of plasma
gonadotrophins to breast cancer. A study in which plasma LH and
FSH levels in post-menopausal women with early breast cancer,
advanced breast cancer and normal céntrols was carried out and it
was found that the values in the cancer patients did not differ from
the controls (Wang et al 1976). Malarkey and his colleagues (1977)
measured serially gonadotrophins in the serum over a twenty-four
hour period in sixteen women with benign breast disease, seventeen
women with breast cancer and twenty-five age- an& weight-matched

controls; no differences were detected. Others have reported

similar findings,

No significant difference in the plasma LH or FSH levels in ninety-
eight postmenopausal women with early breast cancer compared with
the levels in thirty-four postmenopausal, control women were
detected by Bird et al (1981). Only a marginal difference in
plasma gonadotrophin values between normal British and Japanese
women, who have different risks of developing breast cancer was
reported by Kumaoka et al (1976). In the premenopausal group,
plasma LH in Japanese women was marginally higher than in British
subjects while in the postmenopausal group plasma LH was

significantly higher in British women,

In summary, plasma gonadotrophin concentrations seem to be within
normal limits in patients with breast cancer, A complicating
factor in women with advanced breast cancer is the report that in

postmenopausal women, illness may depress LH and FSH levels and
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obscure the true result (Warren et al, 1977).

Ve Prolactin and Breast Cancer

Although some hormones and drugs can act directly on the pituitary
to infiuenee prolactin secretion, prolactin in contrast to other
pituitary hormones is largely under control of an inhibitory factor
(PIF) from the hypothalamus. Talwalker et al (1963) found that the
hypothalamus contained a factor which inhibited synthesis and
release of prolactin by the rat anterior pituitary in vitro: this
factor was not any of the recognised hormones in the hypothalamus

and it was subsequently termed PIF,

The measurement of human prolactin was delayed by difficulties in
distinguishing prolaction activity from that of growth hormone.
Purified growth hormone had been found to have considerable
prolactin activity, and there had been doubts whether in man the two
hormones were separate entities. However, evidence of the
existence of two distinet hormones was forthcoming and human
prolactin was isolated and purified (Lewis, 1971). These advnaces

‘led to the development of homologous radioimmunoassay of the hormone

(Hwang et al, 1971).

As early as 1971, Turkington et al, raised the question regarding
the importance of prolactin in the growth of human breast cancer.
' Their work indicated that evidence of regression of advanced disease
could occur despite increase in prolactin levels. He and his

colleagues had measured serum prolactin by a bioassay method in
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eleven patients who had undergone pituitary stalk section for
treatment of metastatic mammary carcinoma, In eight out of the
eleven, there was remission of the disease but five of these eight
patients had elevated prolactin levels. Thus increased prolactin
levels in these patients did not prevent regression of the disease.
Evidence isvalso available from epidemiological studies that early
pregnancies, which would involve an earlier but considerable
increase in prolactin secretion (Hwang et al, 1971) reduce lifelong

risk of breast cancer (MacMahon, 1973).

Comparisons of serum prolactin in normal women and women with breast
cancer have not provided evidence of an important relationship.
Such evidence if conflicting. For example, Murray and his
colleagues (1972) compared plasma prolactin levels in twenty-four
women with metastatic breast cancer and twenty-three postmenopausal
patients hospitalised for other reasons., The prolaet;n.levels of
the cancer group were statistically higher than the controls. In
contrast Wilson et al (197L4) compared plasma prolactin levels in
forty-nine patients with breast cancer against thirty-nine hospital
controls and found no difference in the prolactin levels between the
two groups. A similar fiﬁding was also reported by Kwa et al
(1974) who compared one hundred and fifteen patients with breast
cancer with one hundred and fifteen matched controls and found no
difference in the plasma ﬁrolaetin levels in the two groups. A
further study was carried out by Franks et al (1974) who measured
the plasma prolactin levels in one hundred and thirteen patients

with a breastAlump prior to surgery. They found no difference in
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the prolactin levels between patients with breast cancer and those
with benign breast lumps. Racial comparisons have also been
carried out. In a study by quaoka and his colleagues (1976) no
differences were found between the plasma levels of prolaétin in
normal British women (high risk breast cancer) and comparable
Japanese women (low risk breast cancer), irrespective of whether
they were adoleséent, premenopausal, menopausal, postmenopausal.
However, women with a family history of breast cancer were reported
to have an increased prolactin level in the evening (Kwa et al,
1976). Nocturnal estimates of plasma prolactin were performed by
Malarkey et al (1977) in twenty-five control women, sixteen women
with benign breast disease and twenty-three women with breast cancer
before breast surgery, who showed that the nocturnal plasma
prolactin concentration was significantly decreased in twelve of the
postmenopausal breast cancer patients but significantly increased in
five premenopausal women with breast cancer, as compared to the
control women, Plasma prolactin levels throughout the mentrual
cycle were studied by Cole et al (1977) in eleven patients who had
undergone mastectomy for primary breast cancer and in thirty-two
normal women at various stages of the menstrual cycle. The cancer
patients had higher plésﬁé prolactin levels, but this was bel'ieved
to be an acute effect. There was little difference in prolactin
levels between patients with primary cancer who had had a mastectomy

more than three months previously, and normal women.

Increased nocturnal plasma prolactin levels were also reported by

Tarquini et al (1978) in nulliparous premenopausal normal women (at
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high risk) in comparison with parous premenopausal women, In
addition, five of seven nulliparous premenopausal women with breast
cancer, had elevated nocturnal prolactin levels compared to five of
thirteen parous women, also with breast cancer, It was concluded
that premenopausal nulliparous women with benign or malignant breast
disease generally exhibited a significant peak of plasma prolactin

in the early evening but that this was rarely seen in parous

patients.

In summary, the results of estimates of plasma prolactin in patients
with breast cancer are variable and depend greatly on the form of
the study carried out, In the majority of studies plasma prolactin -
has been shown to be within normal limits. It would seem apparent
that a single sample is inadequate for assessing the role (if any)
of prolactin in breast cancer and that further work should involve

multiple sampling,

vi, The Thyroid Hormone and Breast Cancer

In 1896 Beatson described the use of thyroid extract as an adjuvant
to oophorectomy in the treatment of advanced breast cancer. Its
use since then has been only occasional and its value never proven.
It is not known whether thyroid hormones have a role in the
pathogenesis of breast cancer, It was past belief that there was
prevalence of goitre or evidence of other thyroid disease 'in
patients with breast cancer. Thus (Bogardus and Finley 1961)
reported that _forty-two out of seventy-nine patients with breast

cancer had an abnormality of the thyroid gland on physical
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examination, while in another report a high incidence of breast
cancer was found in ninety-two female patients with thyroid cancer

(Chalstrey and Benjamin, 1966).

It has been reported that iodine deficiency enhances the response of
rat breast tissues to sex hormone injections. Oestrogen and testo-
sterone administration to iodine deficient hypothyroid rats results
in lesions which mimic human cystic disease of the breast and
suggests another physiologic factor which may act to modify breast
sex steroid interaction (Eskin et al, 1967). Further more rates of
morbiditiy and mortality due to breast cancer are reported to be
" higher in areas of iodine inadequacy than in regions where iodine is
available (Eskin, 1970). Studies have also shown thét abnormal
breast tissue (dysplasia or neoplasia) has increased radio iodine
uptake compared to histologically normal breast tissue from the same

patient (Eskin et al, 1974).

The effect of an intravenous injection of thyrotropin releasing

hormone (TRH) on plasma TSH was measured in fifty women with early
and fifty women with advanced cancer of the breast (Mittra and
Hayward, 1974). The results were compared with those obtained in a
group of fifty age-matched women in hospital awaiting surgery for a
variety of reasons. The results suggested that the mean basal
level of TSH in both cancer groups was significantly higher than in
the controls and that more cancer patients héd TSH levels above the
normal range, After TRH stimulation, the mean response to TSH was

significantly higher in the breast cancer groups than in normal
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women, Approximately three times as many cancer patients as
controls had an exaggerated response of TSH to TRH indicating a
relative primary thyroid deficiency. From these results it was
suggested that breast cancer patients as a group had a level of
thyroid function which was lower than that found in control women in

hospital with conditions unrelated to breast.

A hypothesis was put forward that a suboptimal level of circulating
thyroid hormones may abnormally sehsitise mammary epithelial cells
to prolactin stimulation, thus leading to eventual neoplasia, It
was shown by Rose and his colleagues (1978) that plasma TSH was
negatively correlated with plasma T3 in early breast cancer and that
reductions in plasma T3 might explain increased plasma TSH levels.
T3 has been shown to be the important horﬁone in the regulation of
pituitary TSH release (Belchetz et al 1978). Rose suggested that
these considerations might support the view that patients with early
breast cancer with elevated plasma TSH and reduced T3 levels had a
degree of impaired thyroid function and suggests that this
abnormality might preceed the disease and could be a factor in brest
cancer risk. Later MacFarlane et al (1980) however studied a large
number of consecutive patients with breast cancer, a group of women
with benign breast disease, and a group of normal women by plasma
TSH, T3 and Ty levels. No increase in the incidence of thyroid
dysfunction was found in patients with breast cancer compared to
patients with benign breast disease or controls. Comparisons of
plasma TSH in British and Japanese women were reported by Kumaoka et

al (1976). Plasma TSH was higher in the British women but not
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significantly so.

Thyroid hormones are known to affect enzyme systems concerned with
oestrogen and androgen metabolism. Fishman et al (1962) reported
that, when levels of thyroid hormones are raised there is a fall in
the conversion of oestradiol-17B ﬁo oestriol while the conversion to
2 methoxyoestrone is increased, The metabolism of testosterone to

androsterone is also reported to be stimulated by thyroid hormones.

The androsterone-aetiocholanolone excretion rate was worked out by
Schorted and his colleagues in 1966 who found that this ws increased
in 76% of patients with myxoedema and decreased in 59.1% of patients
with thyrotoxicosis. It is known that in patients with thyro-
toxicosis and after administration of thyroid hormone, there is a
rise in the level of sex hormone binding globulin (SHBG) (Ruder et
al 1971). Because of the different affinities of this binding
protein for testosterone and oestradiol-17B, a rise in its level
results in a greater fall in the plasma level of unbound
testosterone, than of unbound oestradiol-1T7B. SHBG is an important
determinant of the ratio of unbound testosterone and oestradiol-17B.
Increased SHBG will have a feminizing influence, and decreased SHGB
levelsva. masculinizing influence, In thyrotoxicosis, SHBG
increases considerably with resulting changes in oestradiol-17B and

testosterone metabolism (Burke and Anderson, 1972).

In summary plasma TSH, T3 and Ty Seem to be within normal limits in

patients with breast cancer. The importance of thyroid hormone and
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these various factors in the development of breast cancer still

remain known,

vii, Growth Hormone and Breast Cancer

Patients with breast cancer frequently have abnormalities in
carbohydrate metabolism, Thus it was reported by Glicksman et al
(1956) that 35% of patients with breast cancer had a diabetic-type
glucose tolerance curve in contrast to only 10% of subjects with
benign breast disese. An accurate method for the estimation of GH
by a radioimmunoassay technique became available in 1962 (Hunter and
Greenwood) and with its availability, more precise measurements
could be made in patients with breast cancer. However, plasma
growth hormone levels are influenced by many psychological factors
e.g. stress, exercise, fasting (Greenwood and Landon, 1966), and
measurements can only be meaningful under strictly controlled

conditions.

A standard stimulus provided the most appropriate condition for
studying growth hormone and Greenwood et al (1968) used the insulin
hypoglycaemia test. Growth hormone measurements have therefore
been used in breast cancer mainly either after a glucose load or

after insulin hypoglycaemia,

Stimulation of growth hormone levels has been used mainly as a test
of pituitary function (see Study 3) and studies to determine
- differences between women with breast cancer and normal women are

few. In one study 24 hour growth hormone levels in sixteen women
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with benign disease, seventeen with breast cancer and twenty-five
age~- and weight-matched controls were measured by Malarkey et al,

1977. The serum GH concentrations and the pattern of GH secretions

were similar in all the groups evaluated.

Defects in studies

There appears to be no consensus of opinion that there is a
difference of either urinary or plasma oestrogens between women with
breast cancer and normal women, More consistent results were
reported oﬁ C-19 steroids, both in urine and plasma. However the
abnormality of urinary 11-deoxy-17-oxo steroids reported in patients
with advanced breast cancer may be a non-specific effect of illness.
So also may the reduced concentration of plasma
dehydoepiandrosterone sulphate be due to secondary effects. The
results of measuring C-19 steroids in the plasma of patients with
early breast cancer are more equivocal. Part of the confusion may
be caused by poor matching of breast cancer patients and control
women, The need to study well-matched groups is obvious. The
type of plasma sampling, for the various hormones, used also seems
to vary from study to study. The types of control women used have
also been variable. Sometimes, single blood sampling has been
carried out and sometimes multiple samples over long periods of
time, Although progesterone, growth hormone, thyroid stimulating
hormone, prolactin and gonadotrophins all appear to be within normal
limits, the need for multiple sémpling over a period of time is
required if one is to take into account the cyclical variation of

these hormones. This is particularly important in the case of
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gonadotrophins and prolactin.

Plasma Hormone Levels in Women with Breast Cancer

2. Objective of Study

a) The object of this present study was to study precisely a small
group of very well matched breast cancer patients and controls - not
only matched for age, but for parity and years past the menopause.
b) To use a precise multiple plasma sampling regime, and a well
recognised radioimmunoassay (see method section). Sequential
samples of blood were taken at 15 minute intervals for 8 hours from
individual patients with breast cancer and the levels of plasma.LH,
FSH, oestradiol-17B, testosterone, prolactin and cortisol were
compared with the levels in control postmenopausal women carefully

matched for age, parity and last menstrual period.

3. Methods in Patient Sampling

Postmenopausal women were specifically chosen for the study because
it was felt a more accurate and detailed comparison could possibly'
be made between the women with breast cancer and the control women
only if the age, parity and years past the menopause were accurate.
It seemed that a truly accurate hormonal status could not be
achieved in premenopausal women due to the variability of the
menstrual cycle in some women with variability of the day of
ovulation and also the possibility of early pregnancy in the control

pre-menopausal women, The study therefore was carried out only on
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postmenopausal women.

a) Women with Breast Cancer

A1l patients studied had presented with histologically proven
cancer, diagnosed initially either at the Breast Clinic of the
Department of Clinic Surgery; or at the Combined Breast Clinic in
the Radiotherapy Department of the Royal Infirmary, Edinburgh. The
patients were classified as having either primary or advanced
disease. Primary disease was considered to be present when
detectable tumour ﬁas limited to one breast and its lymph nodes with
no evidence of local or distant metastatic disease. This,
therefore, was amenable to surgery which involved removing the
breast and examining the lymph glands in the axillary tail later.
If these glands proved histologically to contain tumour then the
patient was treated with radiotherapy six weeks after mastectomy.
Advanced breast disease existed when tumour cells had spread beyond
the breast and axilla to a distant site. The histology of this was
proven by biopsy in as many cases as possible. This disease was
out of the scope of local surgery and required treatment either by
local radiotherapy td the primary lesion or systemic therapy either
by hormone manipulation or chemotherapy. The patients were further
subdivided according to menstrual status as follows:-
1. Premenopausal : patients menstruating regularly
2. Menopéusal : patients with irregular periods
or within 5 years of the last

menstrual period,
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3. Postmenpausal : patients beyond 5 years'of their

last menstruation.

A detailed clinical history was taken from all new patients on their
arrival at either of the above clinies, This included noting the
duration of disease, previous treatment and time which had elapsed

since that treatment.

In an effort to detect invasion of the other breast or skeletal
metastases, all patients were given standardised mammography and
thermography of both breasts and a full skeletal survey of x-rays.
All patients wherever possible, had pathological confirmation of
their disease either at the time of mastectomy or by biopsy of

assessible tumour in advanced disease.

b) Control Women

The controls were all normal women attending the Regional Blood
Transfusion Centre as blood donors. A1l were volunteers with no
previous history of breast disease, thyroid or any other endocrine

disorders. None were taking drugs.

Design of Study

Six patients with early or advanced breast cancer were studied and
paired with six control women matched for age, parity and last
menstrual period. The details of the two groups are shown in table

VII.
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TABLE VII

Controls
Control Age Y;:izpzigze Parity
1 69 .21 1+0
"2 62 15 0+0
3 55 9 0+0
4 55 12 2+0
5 73 21 0+0
6 61 10 2+0
Cancer Patients
Can?er Age Years since Parity
Patient Menopause
1 73 22 3+0
2 65 17 - 0+0
3 53 7 0+0
4 56 9 5+0
5 76 25 0+0
6. 56 10 240

Details of patients with breast cancer and their

matched controls



The cancer group consisted of two patients with early breast cancer,
two with advanced local disease and two with disseminated disease.
Four patients were tested as hospital in-patients, and two attended
as out-patients. The control women were all out-patients, The
blood samples were taken as described for multiple blood samplings,
every 15 minutes for 8 hours, the plasma was assayed for LH,FSH,
oestradiol-17B, testosterone, prolactin and hydrocortisone

(cortisol).

The mean concentration of each hormone for the six patients during
the 15 minute period was calculated and compared graphically with

the mean of the six controls,

4, Results of Study

The results are shown in Fig. 9.

In the graphs, means were calculated for a period of time by the
clock., Some points on the graph at either end did therefore
represent the means of five or even four patients, For this
calculation, only samples of those 15 minute periods by the clock
for which there were both test and control samples were included.

Results are shown in table VIIT.
The mean concentrations of oestradiol-17B, LH, FSH, and cortisol did

not differ between the six patients with breast cancer and their

matched controls, However, prolactin and testosterone did differ.
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PLASMA HORMONES

TABLE 'VIII

NS :

not statistically significant p >0.1"

Comparison of sample means for each patient compared with

those of each time matched control.

L.H. F.S.H. TESTOSTERONE [ OESTRADIOL 17/3| PROLACTIN CORTISOL
u/L u/L n mol/L p mol/L m U/L n mol/L
cancer control | cancer control | cancer control | cancer control | cancer control | cancer control
i 1 28.8 26.2 120.5 154.5 1.52 1.36 83.8 69.5 920 90 . 424 358
2 42.2 349 174.0 193.9 0.60 0.53 60.7 445 160 180 31-9 328
3 53.9 35.0 219.2 84.9 0.97 0.60 51.8 65.4 180 100 375 333
! 4 35.3 425 170.5 135.5 0.75 0.44 54.4 50.0 400 140 369 369
\ 5 28.3 41.4 1471 185.9 1.33 0.36 77.2 36.4 220 150 361 380
\ 6 45.9 534 176.2 162.5 1.26 0.52 66.2 51.8 200 120 264 377
!
i
mean
difference 0.17 ) 16.72 0.44 12.7 78 5.5
p
{Wilcoxon’s NS NS < 0.05 < 0.1 NS NS
test )



The difference in prolactin concentrations was sharply accentuated
by the levels in one patient (number 4 in table VII) who was
subsequently found to have been taking Thyroxine 0.1 mg./day and
spironolactone plus hydroflumethiazide 25 mg three times a day,
before the test; accordingly the prolactin concentration for this
patient was excluded and the date from the group were re-calculated.
This is shown in Fig. 10. In table VIII the p. value for

prolactin has been calculated without patient No. 4.

A significant difference (at the 5% level) was observed in the
plasma testosterone concentrations which were higher in every woman
with breast cancer than in the matched control. Five patients had
also higher plasma oestradiol-17B levels, but this only reached
significance at the 109 level, Both plasma testosterone and
oestradiol-17B levels however, were within the normal range for
post-menopausal women although the cancer group had higher values

within this normal range.

A statistical analysis of the sequential samples in both patients
and controls was carried out to determine if there was a detectable
fluctuating pattern in hormone concentration during the eight hour
period. These values were obtained from each woman separately and
the amalgamated results are presented. In a relatively short series
of observations, the results of statistical tests from an individual
woman are not likely to demonstrate significant differences from
randomness values unless the pattern is obvious. However, an

overall test of randomness within the group of subjects may be based
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on the sum of the number of turning points. These amalgamated
reéults are presented separately for patients with breast cancer and
their controls as well as for all subjects studied. (Table IX). LH
showed no significant pattern while the results for prolactin, FSH
and cortisol showed fewer turning points than would be expected by
random variation indicating changes in these variables during the
observation period of eight hours., Cortisol concentrations showed a
pronounced fall 2 hours or more after starting the test, usually
followed later by a rise. The pattern for prolactin was not
consistent for all women and generally showed only undulations from
sample to sample, Oestradiol-17B and testosterone levels both showed
significantly more turning points than would be expectéd by random

fluctuations.

A Moore-Wallis test was also used and showed that the pattern was
significantly different from random in prolactin and oestradiol-17B
but in neither of these cases did examination of the plots show any
evidence of a pulsatile pattern. (Table X). If anything, there
was a morning fall in prolactin and the oestradiol-17B fall was in
the evening. The results of this test also showed that neither LH
or FSH showed a pulsatile pattern or trend in either the patients

with breast cancer or the control women.

5. Discussion

Plasma testosterone
The mean value found in normal postmenopausal women was 0.63 nmol/1l

- range 0.17-1.91 nmol/l and it is in keeping with those reported by
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TABLE X

Moores Wallis Test

Cancers
n (up) Exp (ups) var (t) Z
LH 80 83 14.8 -0,78
Pr 64 78 13.9 #*=3,75
E, 84 86 15.3 -0.71
FSH 92 91 16.2 0.25
'Controls
n (up) Exp (ups) var (t) Z
LH 59 59 0 0
Pr 48 54 10,0 -1.89%
E, 59 66.5 12,1 -2.16
sig 57
level
FSH 64 69.5 12.6 -1.55

* significantly fewer upwards than downwards trend

+ not quite significant at the 57 level, but in the
same direction as above

Pattern of sequential sampling in patients and controls

and significance of differences - using the Moore-

Wallis Test

This table compares the number of ups on the graph with

the number of expected ups (Figure p 71)




other workers (Wang et al, 1975; Chakravarti et al, 1976). Plasma
testosterone levels showed significantly more turning points over
the .sampling time, than would be expected by random fluctuations,
There was, however, no definite pulsatile pattern, either in the
women with breast cancer or in the control women, At no time did
these fluctuations vary outwith the normal range. A zig-zag
serial pattern of change was present which might be explained either
due to technical reasons or due to biological reasons., The number
of samples which could be included in a single run of testosterone
assay was limited, and for this reason alternate samples from all
individuals were taken for each run. Alternatively, these
fluctuations of plasma testosterone levels agree with the findings
of Rosenfield and Helke (1973) who, in a study of premenopausal
women, reported small random fluctuations in testosterone levels
superimposed upon a diurnal rhythm, which wés greater than could be
accounted for by the imprecision of the method, In another study
(Tyler et al, 1975) plasma testosterone was measured at 4 hourly
intervals for 24 hours in nine premenopausal women and the results
showed considerable individual variation in both concentrations and

the pattern of the serial samples,

Although the plasma testosterone levels in breast cancer patients
were within normal limits, each of the six women with breast cancer
had significantly higher plasma testosterone values than her matched
control at each time, Others have also reported that plasma testo-
sterone levels are within normal limits in patients with breast

cancer (Horn and Gordon, 1974; Wang et al, 1975; Jones et al,
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1977; Malarkey et al, 1977). No differences, however, were
observed in these previous studies between the women with early or
late breast cancer and normal controls, The failure of these
workers to produce similar findings to this present study may be
explained by the non-use of sequential plasma sampling by some and
the use of group comparison rather than matched pairs. As C19
steroid hormones have been shown to vary with the number of years
past the menopause (Chakravarti et al, 1976) it is important that
patients should be matched at least for age and years past the
menopause, The significance of the high normal circulating plasma
testosterone levels shown in this study must remain in doubt until
larger numbers have been studied. It is impdssible to assess the
real importance of testosterone in breast cancer until different
risk groups are compared and to determine whether small differences
in plasma testosterone could cause the disease in patients already
predisposed, or whether these differences are just casually related

to the disease,

It may be important that testosterone can be metabolised by human
breast cancer to form oestradiol-17B., The possibility exists that
higher testosterone 1levels might result in higher oestrogen

concentrations within the tumour (Miller and Forrest, 1974).

A certain amount of biological evidence exists that women with
breast cancer are more androgenic than normal women, Some workers
have suggested that ovarian interstitial tissue is a gland of

internal secretion concerned with the formation of androgens (Rice
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and Savard, 1966). Evidence for this is supported by a study from
Grattarola (1973) who found the excretion level of testosterone to
be significantly increased in patients with endometrial hyperplasia
and in patients with breast cancer who had an atypical endometrial
pattern. Breast cancer pafients with anovulation and endometrial
hyperplasia also presented with higher urinary testosterone levels
than the women with endometrial hyperplasia but no breast cancer.’
In a later report, Grattarola and his colleagues found increased
urinary testosterone values in patients with advanced breast cancer
with metastases present, but not in patients who were cliniecally
~cured. Théy conelu@gd that increased androgenic activity was the
hormonal factor involved in the development of breast cancer
(Grattarola, 1975). Other workers have reported that women with
breast caheer in Britain secrete sebum at a higher rate that normal
women (Krant et al, 1968; Burton et al, 1970). As sebum secretion
may be increased by androgens, this would indirectly add support to
'the possibility of raised plasma testosterone levels in women with

breast cancer.

There is, however, evidence that low excretion of plasma dehydro-
epiandrosterone sulphate (DHAS) and dehydroepiandrosterone (DHA) and
urinary aetiocholanolone may be associated with an increased risk
and the presence of breast cancer (Bulbrook gt al, 1967a). On the
other haﬁd, there is also evidence of a converse effect. Young
Japanese women who have a low risk of breast cancer have been
reported to have lower urinary excretion of androgen metabolites

than their Western counterparts (Bulbrook et al, 1967b). It may be
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important to note that plasma DHAS and DHA are almost exclusively
adrenal in origin, whereas an increase in testosterone excretion is

more likely to be associated with ovarian abnormality.

Since this study, further studies on multiple plasma testosteroneA

concentrations have been reported.

The mean 24 hour serum testosterone levels (by radioimmunoassay) was
measured in sixteen women with benign breast disease, seventeen
patients with breast cancer and in twenty-five age- and weight-
matched control women, Mean 24 hour testosterone levels were found
to be significantly elevated in women with breast cancer in the
luteal phase of their cycles but were normal in postmenopausal
breast cancer women (Malarkey et al, 1977), while in another report
(Adami et al, 1979) significantly higher mean plasma testosterone
levels were found to be present in one hundred and twenty-two
postmenopausal patients with newly diagnosed breast cancer as
eomparéd to the values in one hundred and twenty-two age-matched

control women,

A further study by Jones et al (1981) reported that plasma testo-
sterone levels (total and apparent free) were measured in one
hundred and forty~-seven women - age range between 14 and 90 years
(mean 53 years). Forty-five of these women were normal controls
and the remainder were classified into groups, those with
histologicaily confirmed benign (twenty) or malignant breast tumours

(seventy-one) and those with non-metastatic cancer at other sites
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(eleven). In the malignant breast group forty-three were
clas.sified as early and twenty-eight as advanced breast disease.
The women were then further categorized as in the present study into
menopausal status and years past the menopause, No significant
difference was found in the plasma testosterone levels between any
of the cliniecal groups. It would seem that although there may be
some abnormality in plasma androgens in breast cancer, pa'rticular'ly
in patients with advanced disease, the levels of the plasma
androgens, such as testosterone, compared and expressed as a group

are apparently variable depending on the format of the study.

Oestradiol-=17B

The mean value for plasma oestradiol-17B concentrations in the
normal postmenopausal women was 53 pmol/l - range 15-110 pmol/l.
This is in agreement with other workers (Baird and Guevara, 1969;
Vermeulen and Verdonck, 1978; Bird et al, 1981). With regard to
variation throughout the day, plasma oestradiol-17B concentration in
both groups of womén studied, was found to have more turning points
than would be expected by random fluctuations, Graphically, the
plots showed no evidence of a pulsatile pattern, but the levels of
plasma oestradiol-17B tended to fall in the evenings. These
findings agree with a study by Alford et al (1973) who found that
plasma oestradiol-17B levels showed wide fluctuations throughout the
day in two premenopausal women, a consistent pulsatile pattern not

being observed.
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Plasma oestradiol-17B levels in postmenopausal women with breast
cancer were higher, though within normal limits, than in the control
women, A sighificant difference was not proved. These findings
are in agreement with previous reports of normal values in patients
with breast cancer (Wang and Swain 1974; England et al, 1974;

Malarkey et al, 1977).

Since the work was completed, it has also been reported by Adams et
al (1979) that plasma oestrone (also Al androstenedione and testo

sterone) were significantly higher in postmenopausal patients with
newly-diagnosed breast cancer compared to the levels found in age
matched normal women, In the control group of women, plasma
oestrone levels were shown to be significantly correlated with
plasma /A androstenedione and testosterone, but in the cancer
group plasma oestrone was only slightly correlated to testosterone
and was not correlated to AY4 androstenedione. These workers
concluded that an incresed availability of Zlu androstenedione and
testosterone led to increased androgenié stimulation, decreased
availability of sex-hormones binding globulin and an increased
plasma oestrone level. There is also a report by Drafté et al
(1980) that levels of plasma oestradibl-17B were subnormal in
premenopausal patients with breast cancer in the late cycle, as
compared to control women, while in postmenopausal patients, plasma
oestradiol-17B was significantly higher in the breast cancer group.
Bird and his colleagues (1981), however, found no significant
difference in plasma oestradiol-17B or oestrone levels between

postmenopausal patients with breast cancer (Stage 1 and 2) and
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normal postmenopausal women.

In another report, Moore and his colleagues (1982) studied total and
nﬁn—protein-bqund-cestradiol-17B in pre and postmenopausal patients
with Stage 2 breast cancer and in normal control women. They
reported that in premenopausal women with breast cancer, total serum
oestradiol-17B levels were normal, but non-protein-bound-oestradiol-
17B levels were raised. In the postmenopausal group with breast
cancer, both total and non-protein-bound-oestradiol-17B levels were
significantly elevated., In these patients, the sex-hormone~binding
globulin (SHBG) was lower and there was a highly significant
correlation between non-protein-bound-oestradiol-17B and SHBG, but,
for a given SHBG‘binding capacity, the cancer patients had more non=-
protein-bound-oestradiol-17B than controls. These workers
suggested that the breast in women with breast cancer may be exposed
to elevated levels of biologically active oestradiol-17B (ie.

unbound) .

Prolactin

The mean plasma prolactin value for the control women was 140 mu/l
range 50-780 mu/l, which is in agreement with the findings of other
workers (Kumaoka et al, 1976; Malarkey et al, 1977). No pulsatile
pattern of plasma prolactin was found ~ only undulations in both
groups of women over the test period. The prolactin concentrations
were found to be lowest in the morning which agrees with previous
work in which prolactin was reported to be lowest at 12 noon

(Vanhaelst et al, 1973; Parker et al, 1975). The variation in
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plasma prolactin levels did not correspond with the plasma cortisol
levels which were highest in the morning and became lower in the
afternoon. Therefore, it is unlikely that prolactin levels were
increased by the stress of venepuncture, L'Hermite et al (1972)
have also shown that only rarely does venepuncture cause blood

release of prolactin,

No differences were found in plasma prolactin levels between
patients with breast cancer and the matched control women. Other
workers have also failed to show differences in prolactin levels
(Franks et al, 1974; Kwa et al, 1974; Wilson et al, 19T74).
Malarkey and his colleagues (1977) reported nocturnal levels of
prolactin to be diminished in twelve postmenopausal women with
breast cancer compared to the levels in control women, The daytime
and mean prolactin levels and patterns of secretion, however, were
not different between the two groups. More recently, it has been
feported that significantly higher plasma prolactin values (on a
single morning sample) are present in postmenopausal women with
early breast cancer than in postmenopausal control women (Bird et

al, 1981).

Plasma Cortisol

The plasma cortisol values were within normal limits, throughout the
test period (Control mean 358 nmbl/l - range 193-716 nmol/1).
Levels were highest at the beginning of the test period and then
declined, reaching a steady state after about two hours. This

suggests that the patients may have been under stress at the
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beginning of the test period, the cortisocl level returning to normal
after two hours. More likely, the higher values at the start of
the test and the falling levels throughout the morning were due to
normal diurnal variation (Hamanaka et al, 1970). Only part of this
variation was observed in the present study as there were no

observations between 6-8 a.m. or at 12 midnight.

The report by Malarkey et al (1977) or an elevated plasma cortisol
at 4 pm in breast cancer patients was not substantiated by this

study.

There was no difference in the mean levels between the cancer and

control patient.

Plasma Gonadotrophins

The mean value of plasma LH (38.9 u/l range 15-100 u/1) and plasma
FSH (151.2 u/l range 50-300 u/l) described in this study for control
women agrees with that quoted by other workers for normal post-
menopausal women (Yen et al, 1972; Kumaoka et al, 1976; Wang et

al, 1976; Malarkey et al, 1977).

Plasma FSH levels in both groups showed small changes during the
observation period, These probably represent random fluctuation in
levels detected between samples, there being no consistent evidence
for a pulsatile pattern of plasma FSH. Plasma LH levels showed no

fluctutations at all,
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Episodic, pulsatile pattern of plasma gonadotrophins have been
reported in normal women (Midgely et al, 1971; Yen et al, 1972;
Wide et al, 1973). In one study, samples were taken hourly from
seven premenopausal women and it was reported that plasma LH con-
centrations and possibly FSH were maintained as a series of peaks of
variable magnitude (Midgely et al, 1971). Later Yen and his
colleagues (1972) reported changes in plasma LH and FSH levels which
they described as minute to minute fluctuations resembling a
pulsatile pattern, with a periodicity of 1-2 hours. However, only
three women were studied and only two were postmenopausal and both
of these were early postmenopausal.. In another study (Wide et al,
1973) the changes in plasma LH and FSH levels were described ;s
episodic. Seventeen women were studied but only seven were post-
menopausal, and the evidence for a pulsatile pattern in these post-

menopausal women is poor.

In this present study plasma FSH did show some fluectuation, while
plasma LH levels did not fluctuate, which agree with the graphical

changes displayed by Wide and his colleagues, whose women were also

older ‘than those described by Midgely et al (1971) and Yen et al
(1972). It could be that with increasing age and declining values

of plasma LH, the pulsatile pattern is lost.
The inability to detect differences in plasma LH and FSH levels

between patients with breast cancer and the control women agrees

with previous work by Wang et al (1976) and Malarkey et al (1977).
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As neither plasma LH nor FSH levels had a pulsatile pattern of
secretion either in normal postmenopausal women or in postmenopausal
women with breast cancer, it would seem unnecessary to assay more
than one blood sample for gonadotrophins, If, however, multiple
sampling had been omitted in this study, the small but significant
difference in plasma testosterone between women with breast cancer
and well matched controls would have passed unnoticed on one single
sample which would have been within normal limits. A compromise of
four half-hourly samples over two hours, as will be suggested for
the regime for the men with gynaecomastic, is probably suitable for

the women as well,

Since this study was completed, there have been other reports of
nultiple plasma sampling throughout 2% hour and 8 hour time periods.
In 1977, Malarkey et al reported studies in which 24 hour serum
oestradiol-17B levels were measured in sixteen patients with benign
breast disease, seventeen patients with breast cancer and twenty-
five age-matched and weight-matched control women, Samples were
taken every four hours and a radioimmunoassay was used. These
workers found that the serum concentrations and patterns of plasma

A
oestradiol-17B secretion were similar in all three groups.

Further multiple plasma studies on plasma prolactin have been
reported. Using a multiple sampling regime, Kwa et al (1978) found
that nulliparous and obese postmenopausal normal women (at risk of
developing breast cancer) had raised early evening plasma prolactin

levels compared to a similar group without such risk factors. The

93



same group of workers also reported that evening plasma prolactin
levels in nulliparous premenopausal women with benign and malignant

breast disease were increased compared to similar parous women,

Plasma prolactin was esfimated at four hourly intervals throughout a
24 hour span from hea;thy women, women with benign breast disease
and women with carcinoma of the breast by Tarquini et al (1980).
These showed considerable variations in prolactin levels thfoughout
a day and also differences in circadian mesor of prolactin among the
groups were significant. This underlined the importance of
multivariabie and nmultifrequency investigations in breast cancer.
An increase in 2l4-hour mean luteal phase plasma prolactin level was
reported in thirteen young females whose mothers had breast cancer.
These females were also found to have a partial resistance of

prolactin to dopamine suppression (Levin and Malarkey, 1981).

Conclusion

In this study, plasma LH, FSH, testosterone, oestradiol-17B,
prolactin and cortisol concentrations were all within normal limits
in these patients with breast cancer, but, within the normal range,
the plasma testosterone concentrations in each cancer patient were

significantly higher than in each matched control.
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Study 2 - Effect of Endocrine Treatment : Relationship

of Hormonal Changes

A. Hypophysectomy - 90 Yttrium implantation and pituitary function

tests

The pituitary stalk has two elements. One is vascular and is
concerned with the control of the anterior part of the anterior
lobe, The other is neural and connects with the posterior lobe in

. continuity with the hypothalamus.

The secretion of hormones produced in the anterior lobe is
controlled by neurohormones secreted by the cells of the
hypothalamus and carried down the pituitary stalk in the vessels of
the vascular connections. This system is called the hypophyseal
portal system. The active endocrine part of the anterior lobe
consists of epithelial secretory cells. The human pituitary is a
confederation of five largely independent functioning units each
represented by a specific cell type synthesizing and releasing one
or two pituitary hormones. The older classification of pituitary
cells into acidophile, basophile and chromophobe types is
inadequate to explain the independent secretion of six hormones.
Progress has been made by the application of histochemical
immunofiuoresoent and electron microscopic techniques (Pelletier et
al, 1978). As a result of these studies, the concept has been
strengthened that each major hormone is secreted by a distinct cell

type except both gonadotrophins which are secreted from a single
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cell, Pituitary cells are classified on the basis of the hormone
secreted. The hormones secreted are growth hormone (GH),
adrenocorticotrophic hormone (ACTH), thyroid stimulating hormone
(TSH), gonadotrophins, follicular stimulating hormone (FSH) and
luteinizing hormone (LH) and prolactin (HPr)., Unlike the majority
of anterior pituitary hormones which are under hypothalamic
stimulatory control by releasing factors, prolactin is under tonic
and clonic inhibitory control. This control is exercised by the
median eminence of the hypothalamus, The neuroinhibitor in the
case of prolactin (HPr) has been termed prolactin inhibiting factor
(PIF). ' The existence of a prolactin releasing factor (PRF) has
also been postulated. The normal physiological level of prolactin
is maintained by short (pituitary-hypothalamic-axis) and long
(systemic-hypothalamic-pituitary) feedback mechanisms. Proof that
prolactin activity is due to escape from a hypothalmic inhibitory
factor comes from observations that the addition of a hypothalamic
extract inhibits the secretion of prolactin into the culture media
(Pasteels, 1963). The presence of an inhibiting factor has also
been demonstrated in’other studies in which hypersecretion of
prolaétin has been observed in experimental animals after pituitary
staik section, following the creation of specific median eminence
‘lesions or by transplantation. of the pituiiary gland to other sites
(Meites and Nicoll, 1966). 'In man, pituitary stalk section leads
to an increase in the concentration of prolactin in the plasma

(Newsome et al 1971).
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There is no direct evidence of the existence of a factor which
stimulates prolactin secretion in mammals but such a factor probably
plays a part in the maintenance of normal prolactin levels by means
of the short (internal) feedback control. Although PRF has not
been isolated, injections of pure thyrotropin releasing hormone
(TRH) in humans causes an elevation of plasma prolactin levels and

of thyroid stimulating hormone (TSH).

In the early 1950s only the estimation of urinary gonadotrophins was
available for the direct assessment of pituitary function, Studies
of pituitary function in patients with breast cancer was therefore
limited to this particular group of hormones. The measure of
gonadotrophin function most frequently used was the increase in
mouse uterine weight, following the injection of an extract of urine
which estimated both FSH and LH (Klinefelter et al 1953). The
development of a method using adsorption on to kaolin with elution
followed by acetone precipitation (Loraine & Brown, 1956) allowed
large volumes of low-titre urine to be extracted, which gave
consistent and reliable results. The estimation of urinary
gonadotrophins was used as a direct measure of pituitary function
following attempted ablation of the pituitary gland. In eleven out
of twelve patients studied at the Mayo Clinie, gonadotrophin
secretion fell to zero within three to ten days of surgical
hypophysectomy (Blackburn et al, 1956). Paradoxically, Lipsett &
Pearson (1956) recorded significant gonadotrophin excretion in two
patients after surgical removal of the pituitary, despite subsequent

autopsy evidence that this was complete. However, the method of
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assay used (Klinefelter et al, 1953) lacked precision.

During the 1960's the development of radioimmune-assays allowed a
method to become available for the estimation of growth hormone (GH)
in the blood. Tests evolved in which the-release of growth hormone
was stimulated by hypoglycaemia indirectly by the injection of
insulin; following which plasma levels of GH were sequentially
measured. (Greenwood, Landon & Stamp, 1966). These tests were
used to estimate the completeness of destruction of the pituitary
eng{ following yttrium implantation., In one such study, reported
by Stewart et al (1971), histological assessment of destruction of
the pituitary gland after yttrium implantation was correiated with
the results of the insulin test. It was reported that an absent GH
response to hypoglycaemia was associated with an almost complete
destruction of the pituitary gland. In a further study the growth
hormone response to insulin induced hypoglycaemia after yttrium
implantation was compared with that after transethimoidal
hypophysectomy. There was no difference between these two
‘procedures in terms of the degree of pituitary ablation achieved,
although persistent small but significant fasting levels of GH which
did not respond to the hypoglycaemic stimulus was more common after
yttrium 90 implantation, It was suggested that this probably arose
from pituitary remnants divorced from hypothalmic control (Roberts

et al, 1973).

By the 1970's as a result of the further development of precise

immunoassay techniques it became possible to estimate most of the
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hormones in the plasma. This included luteinizing hormone (LH),
follicular stimulating hormone (FSH), thyroid stimulating hormone
(TSH) and prolactin (HPr). More recently the hypothalamic
releasing hormones - luteinizing releasing hormone and follicle
stimulating releasing hormone (LH/FSH - RH) and thyrotropic
releasing hormone (TRH) have been synthesised and are available for
clinical use, Direct stimulation of the pituitary with subsequent
estimation of eirculating trophic hormones (LH,TSH, FSH) can now be
usedto assess pituitary reserve. Plasma concentrations of LH and
FSH thereby increase if functioning gonadotrophic cells are present
in the pituitary. Similarly TRH administration raises the plasma
levels of TSH and also prolactin (Bowers et al, 1971) while
chlorpromazine is also known to raise plasma prolactin
concentrations (Turkington, 1972,b). Thyroid stimulating hormone
(TSH) secretion after the administation of synthetic TRH has been
extensively studied both in normal people and in patients with
hypothalamic-pituitary disease (Fleischer et al, 1970; Hall et al,
1972). Similarly LH and FSH response to synthetic  LH/FSH-RH have
been reported in normal people (Besser et al, 1972). These
releasing hormones have been found to be specific and secretién of
other pituitary hormones was unchanged after TRH and LH/FSH-RH
administration (Fleischer et al, 1970). Initially for the
assessment of pituitary function each provocative test was used
separately involving the patient in a considerable number of tests.
A single test, similar to that described by Harsoulis et al, 1973,
has been developed and evaluated, this with the objective of causing

ill patients with breast cancer as little upset as possible.
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Results of these tests have been correlated with other estimates of
pituitary function and also with the clinical response to removal or

destruction of the pituitary gland.

2. Methods

Hypoglycaemia could be worrying in the pituitary ablated patient and
the growth hormone test that was used in the present study was the
insulin infusion test of Carter, Dozois & Kirkpatrick (1972). For
stimulation of LH, FSH and TSH secretion the releasing hormones LHRH
and TRH were used. For prolactin stimulatioh tests using TRH and
chlorpromazine were carried out. TRH has a direct action on the
pituitary prolactin secretion, (Lister et al, 1974) while
chlorpromazie acts indirectly on the pituitary by the inhibition of
release of prolactin inhibiting factor. This is brought about by
blocking dopamine uptake into storage granules in the hypothalamic

nuclei (Friesen et al, 1972; Leblanc and Yen, 1976)

The patients with breast cancer were assessed for clinical response
to Y90 six months after treatment, according to the criteria
suggested by the British Breast Group (19T74). Patients were
grouped as responders, non-responders and those with an equivocal

response.

Thirteen patients with breast cancer were investigated, nine
patients before and one month after Y90 implantation, and four post-
operatively only. In addition three patients with diabetic

retinopathy were studied. Two of these had tests before and again
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one month after; only one post-operatively. The pituitary
function tests used were:

a) LHRH test

b) LHRH plus TRH test

¢) Insulin infusion test

d) LHRH plus TRH plus insulin infusion test

e) Chlorpromazine test.

Test Procedure

The pattern of test undergone by the patients are shown in Table XI.
Most patients on day one had LHRH alone (Table XI), on day two LHRH
plus TRH followed afterwards by the insulin test and on day three
the chlorpromazine test. Other patients (6,7 and 8) had a
combination of LHRH plus TRH plus insulin on day one and

chlorpromazine on day two.

2, Pituitary Function Tests

a) LHRH Test

The patient was fasted overnight and kept in bed the morning of the
test.© An 18G. teflon cannula was inserted into an arm vein and a
basal blood sample was withdrawn, A second basal sample was taken
after 10 minutes and 100 ug. LHRH injected through the cannula.
Blood was withdrawn at 10,20,30 and 60 minutes, centrifuged and the
plasma (serum) deep»frozen and subsequently assayed in batches for

LH and FSH as described in the Method Section.
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TABLE XI

LHRH
Patient Number LHRH ¥§§H Insulin §§§ulin S?i:rproma?
(a) (b) (c) (d) (e)
1 | ox | oXx 0xX - X
2 | ox 0xX 0x - 0%
3 | 0x 0X 0X - 0X
4 0). (0):¢ (0):¢ - 0X
5 | ox | ox 0x - 0x
6 - - - (0):4 0):9
Breast 7 - - - OX 0X
8 - - - 0X 0xX
Cancer 9 0 [9):4 OX - OX
10 X X X - X
11 X X X - e
12 X X X - X
13 X X - - %
Diabetic 1 - 0X ()¢ - 0X
Retinopathy - 0X - - 0X
. _ < < ] .

0 - Test done pre y-90

X — Test done post y-90

Tests of pituitary function carried out




b) LHRH plus TRH Test

The patient was fasted overnight and kept in bed the morning of the
test. An 18G. teflon cannula was inserted into an arm vein and a
basal blood sample was withdrawn, Following a second basal sample
190 ug. LHRH plus 200 ug. TRH was i