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Abstract
The significance of the hormonal milieu for endometrial changes is as 
well-known as its link with endometrial carcinoma. Unopposed oestradiol 
treatment is shown to increase the incidence for this cancer. Obesity leads 
to elevated levels of oestrogens and is a risk factor for endometrial 
carcinoma. An association between high tumour proliferation and 
prognosis is a general feature of human cancer. Tumour growth can be 
expressed as proliferation rate and flow cytometry (FCM) is a sensitive 
and reproducable method to estimate S-phase fraction (SPF) and ploidy 
level. Both parameters have been shown to correlate with prognosis. Sex 
steroid hormone levels were analysed together with clinical parameters, 
SPF, and receptors in established endometrial carcinoma.

The study consisted of postmenopausal women with endometrial adeno
carcinoma. H ormones were analysed in 127 patients, 99 were analysed 
for FCM and 60 for oestrogen and progesterone receptors. RIA technique 
was used for hormone assay of oestrone, oestradiol, progesterone, 
androstenedione and testosterone plasma levels. The receptors were 
analysed with an immunohistochemical method, and SPF and ploidy level 
by flow cytometry.

A wide range of oestrogen concentrations was found. Some patients had 
levels comparable to fertile women. Strong correlations were found 
between body mass index, weight and depth of uterine cavity. No 
relations were found between receptors and SPF, apart from oestrogen- 
receptor positive tumours having a lower SPF when compared with 
receptor negative tumours. The influence of oestradiol on tumour 
proliferation expressed as SPF was ambiguous. SPF was increased with 
higher oestradiol levels in the group of peri-diploid, well-differentiated 
tumours, while a negative correlation was found for the peri-diploid, 
moderately differentiated tumours. The aneuploid and poorly differenti
ated tumours had a high SPF regardless of oestradiol concentration. The 
association between progesterone concentration and SPF was of a more 
general nature. Progesterone above a threshold level was related to a 
lower SPF in well-differentiated and moderately differentiated tumours. 
Thus endogenous progesterone seems to play a role in controlling the 
tumour’s proliferation activity, in contrast to oestradiol, that had a role 
which did not appear to relate to proliferation activity in any specific 
direction. The only stimulative association was seen in well-differentiated 
tumours, but SPF was still below the mean value for all diploid tumours.
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Abstract
The significance of the hormonal milieu for endometrial changes is as well-known 
as its link with endometrial carcinoma. Unopposed oestradiol treatment is shown 
to increase the incidence for this cancer. Obesity leads to elevated levels of 
oestrogens and is a risk factor for endometrial carcinoma. An association between 
high tumour proliferation and prognosis is a general feature of human cancer. 
Tumour growth can be expressed as proliferation rate and flow cytometry (FCM) 
is a sensitive and reproducable method to estimate S-phase fraction (SPF) and 
ploidy level. Both parameters have been shown to correlate with prognosis. Sex 
steroid hormone levels were analysed together with clinical parameters, SPF, and 
receptors in established endometrial carcinoma.

The study consisted of postmenopausal women with endometrial adenocarci
noma. Hormones were analysed in 127 patients, 99 were analysed for FCM and 
60 for oestrogen and progesterone receptors. RIA technique was used for 
hormone assay of oestrone, oestradiol, progesterone, androstenedione and 
testosterone  plasm a levels. The receptors w ere analysed w ith an 
immunohistochemical method, and SPF and ploidy level by flow cytometry.

A wide range of oestrogen concentrations was found. Some patients had levels 
comparable to fertile women. Strong correlations were found between body mass 
index, weight and depth of uterine cavity. No relations were found between 
receptors and SPF, apart from oestrogen-receptor positive tumours having a lower 
SPF when compared with receptor negative tumours. The influence of oestradiol 
on tumour proliferation expressed as SPF was ambiguous. SPF was increased with 
higher oestradiol levels in the group of peri-diploid, well-differentiated tumours, 
while a negative correlation was found for the peri-diploid, moderately differen
tiated tumours. The aneuploid and poorly differentiated tumours had a high SPF 
regardless of oestradiol concentration. The association between progesterone 
concentration and SPF was of a more general nature. Progesterone above a 
threshold level was related to a lower SPF in well-differentiated and moderately 
differentiated tumours. Thus endogenous progesterone seems to play a role in 
controlling the tumour’s proliferation activity, in contrast to oestradiol, that had 
a roll which did not appear to relate to proliferation activity in any specific 
direction. The only stimulative association was seen in well-differentiated 
tumours, but SPF was still below the mean value for all diploid tumours.

KEY WORDS: Endometrial carcinoma, oestrogens and progesterone hormones 
and receptors, S-phase fraction, ploidy level.
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Abbreviations
BMI body mass index
FCM flow cytometry
SPF S-phase fraction
FSH follicle stimulating hormone
LH luteineizing hormone
U labelling index
MI mitotic index
El oestrone
E2 oestradiol
T testosterone
A androstenedione
P progesterone
ER oestrogen receptor
ER+ oestrogen receptor positive
PR progesterone receptor
PR+ progesterone receptor positive
M mitosis
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Introduction

THE NORMAL ENDOMETRIUM 
Postmenopausal Endocrinology
The mean age for menopause varies in different parts of the world. The current 
estimate in Sweden is 51 years.1 With a life expectancy of 80 years,2 women can 
expect to live a substantial part of their life as postmenopausal.

The phases and the function of the normal fertile endometrium are directly 
connected with hormone production of the ovaries that takes place in the theca 
and granulosa cells of the maturing follicle and in corpus luteum. These, in turn, 
are regulated by two pituitarian hormones, follicle stimulating hormone (FSH) and 
luteineizing hormone (LH). Oestradiol dominates during the proliferative phase, 
and progesterone during the secretory phase.

Deficit of ovarian hormones, secondary to the nearly complete depletion of 
ovarian follicles, leads to menopause and associated systemic effects. Simply 
stated, the endocrine profile of the menopause is that of hypoestrogenism with 
relative androgen excess.

In postmenopausal women there is a major decrease in both oestradiol and 
oestrone concentrations. During the reproductive years more than 90 per cent of 
these hormones is produced by the ovaries,5 but after menopause the ability to 
synthesise oestradiol from pregnenolone in the ovaries is decreased as a result of 
the aromatase system disappearing with the granulosa cells. Oestradiol drops to 
less than 10 per cent of the premenopausal level and the concentration of 
circulating oestradiol is less than 50 pmol/l.4-6 The major source of the remaining 
oestradiol is peripheral conversion of oestrone to oestradiol.7

The decrease of oestrone to approximately thirty per cent of premenopausal 
levels is significantly smaller than that for oestradiol. Oestrone thus becomes the 
predominant oestrogen, with a mean concentration of approximately 130 pmol/ 
14-6, 8 oestrone  is primarily derived from peripheral conversion of 
androstenedione,9 ,10 and the mean conversion rate is more than doubled after 
menopause, from 1.2 to 2.8 per cent.n »12 The rate is also correlated to body mass 
index (BMI), as the most efficient conversion of androstenedione to oestrone 
takes place in adipose tissue.15 In postmenopausal obese women this rate rises 
to 3.9 per cent.10 In some reports chronological age has been considered to be 
an additional factor for an increased conversion rate,10,14 but this is contradicted 
in others.15

Androstenedione is reduced to about 50 per cent of premenopausal levels, and 
is mainly produced by the adrenal glands, with an ovarian contribution of 
approximately 20-30 per cent.12’ ^

With the postmenopausal decrease of oestradiol level, the negative feedback 
on the gonadotrophins disappears. High levels of LH stimulate the remaining 
ovarian stroma to produce androgens, but in contrast to androstenedione, 
testosterone is only marginally lowered after menopause. The ovarian secretion
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of testosterone increases and contributes with approximately 50 per cent, while 
peripheral contribution decreases because androstenedione, as a source of 
peripheral conversion, is reduced.12, 16

Progesterone synthesis diminishes during the perimenopausal period, mani
fested by corpus luteum insufficiency. Postmenopausal concentrations are equal 
to levels seen in the follicular phase (0.6- 3.5 nmol/1).16,17 Progesterone is now 
mainly secreted from the adrenals, but there is still some production from the 
ovaries.18

The fertile endometrium
Studies of the fertile endometrium have demonstrated that the hormone profile 
of the follicular phase is characterised by an average oestradiol level between 150 
and 370 pmol/1, and with a pre-ovulatory peak value higher than 690 pmol/1. 
Progesterone values during the follicular phase are 1.0 - 4.4 nmol/1, with a minor 
pre-ovulatory rise. The LH surge induces the luteal phase with the next rise of 
progesterone. The concentration reaches 15-42 nmol/1 during this phase.19-21

Proliferation rate can partly be estimated by using morphometrical or 
biochemical methods to estimate, e.g., mitosis activity, glandular size, or amount 
of DNA and RNA.22 During the secretory phase a decrease in proliferation can be 
seen from the number of mitosis and from the amount of DNA + RNA. This starts 
already two days before the LH-peak, thus simultaneously with the pre-ovulatory 
progesterone rise, and before the substantial rise in the progesterone concentra
tion that occurs two days after the LH-peak.20,22 Ferenczy has reported a similar 
development; between days 8-10 and 11-14 in the menstrual cycle there is a 
decrease in DNA synthesis.25 The proliferative activity starts early in the menstrual 
cycle, and is shown to be at a maximum level before oestradiol reaches its 
preovulatory peak.24 The onset of proliferation differs in different cells and layers, 
and is first seen in the glandular epithelium in the functional layer.25

In the normal menstrual cycle, the concentrations of the oestrogen and 
progesterone receptors undergo characteristic variations. The expression is 
regulated by oestradiol and progesterone.25-27 Oestradiol stimulates the synthesis 
of both receptors, whereas progesterone depletes them.28

The highest content of endometrial oestrogen receptors occurs in the epithelial 
cells during the proliferative phase, and persists until the mid to late secretory 
phase, when it decreases.25, 27, 29 Progesterone receptor concentration remains 
low in the early proliferation phase and reaches a maximum level in the late 
proliferation phase,26 and then gradually disappears during the late secretory 
phase.27 Flow cytometric studies on the normal fertile endometrium have shown 
that the mean S-phase fraction (SPF) for proliferative endometrium is significantly 
higher than for secretory endometrium. In hyperplastic endometrium, the SPF 
mean value falls in between those values, while carcinomatous endometrium has 
the highest SPF value.50, 51
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The postmenopausal endometrium
After menopause the endometrium is senile atrophic due to the lack of oestrogen, 
but might also be weakly proliferative. It is very rarely secretory. Cystic, 
adenomatous or atypical hyperplasia and cancer in situ may develop, partly 
depending upon the endocrine milieu, and will be discussed.

ENDOMETRIAL CARCINOMA 

Epidemiology
Endometrial cancer rates are highest in Northern Europe, North America; 
intermediate in Southern Europe and Latin America; and low in Africa and Asia.32

In Sweden, approximately 950 new cases are diagnosed every year, and 
endometrial cancer is second to ovarian cancer in frequency among gynaecologi
cal cancers. Eighty-five percent are diagnosed after 55 years of age when 98 per 
cent of the women are postmenopausal. The median age of incidence is 66 years.2

There are some well-known endogenous risk factors identified with endome
trial adenocarcinoma: Obesity, nulliparity, early menarche, late menopause are 
examples of variation of normal physiology,53"37 and polycystic ovaries and 
granulosa- theca cell tumours are examples of diseases.38"40

Both diabetes mellitus and hypertension are associated with endometrial 
cancer, but it is unclear whether the association is independent of the effects of 
obesity and age.33, 35, 36>41 However, remaining correlations have been shown 
when corrected for these two factors.35

Among exogenous risk factors, unopposed oestrogen has received most 
attention. In epidemiological studies, Persson has shown that oestrogen treatment 
involves an increased risk for endometrial carcinoma unless opposed by 
progesterone.42’ 43 Numerous retrospective studies have correlated the use of 
exogenous oestrogen to a 2- to 12-fold increased risk of developing endometrial 
carcinoma.41’44-47 Some of these studies have recived methodological criticism, 
but the consensus is that there is a true causal relationship between oestrogen 
treatment and an increased risk of endometrial carcinoma. The risk is dependent 
on duration, dose and habitus. Non obese, non diabetic and normotensive 
women are at higher risk, suggesting that the additional oestrogen effect is less 
crucial to obese, diabetic and hypertensive women.44 Whether this depends on 
a threshold effect or a different metabolism has not yet been answered.

Exogenous hormones administered as combination oral contraceptives are 
associated with a 50 per cent reduction in incidence compared with non-users.47- 
49 The protective effect seems to be higher with increasing doses of progesterone 
and decreases with years of discontinuation.4̂  The protective effect was also 
higher among nulliparous.49

First degree relatives more often have endometrial cancer. There is also an over 
representation of breast cancer among those women. Thus specific inherited 
factors, including adipositas, might exist but this can also be due to coincidences 
associated with environmental risk factors clustered in families.50
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Endocrinology
Unopposed oestrogen causes endometrial proliferation and hyperplasia, includ
ing atypical hyperplasia.51 This condition is a premalignant stage for progression 
to endometrial adenocarcinoma.52*54

Conditions with unopposed oestrogen are anovulatory cycles in the polycystic 
ovarian syndrome, during climacterium when the cyclical progesterone fails, and 
oestrogen substitution without sufficient addition of progesterone.

Oestrogen can be considered as a cocarcinogen, probably necessary but not 
by itself enough to cause development of cancer.55 Yet, endometrial adenocar
cinoma occasionally occurs in ovariectomized women,56 exemplifying that 
cancer can develop under hypoestrogenic conditions.

Several studies have focused upon the increased risk for endometrial 
carcinoma after unopposed oestrogen therapy,45’ 46’ 57 and also upon whether 
patients with cancerous endometrium have an inadequate endogenous hormone 
balance that might predispose for malignant changes. The results are contradic
tory. Some early studies found elevated levels of oestrogens.58-60 When patients 
and controls were matched for weight and age, two conditions that affect the 
conversion rate of androstenedione to oestrone,12 the difference disappeared.10’ 
61-65 However this result has been contradicted by others.64 Enhanced aromatase 
activity in vitro in adipose tissue from endometrial cancer patients has been 
demonstrated.15’ 65’ 66

The relationship between androgens and endometrial adenocarcinoma has 
also been difficult to evaluate since C-19 steroids can be converted either to 
oestrogens or steroids with an androgenic profile through different steroid 
pathways. A study of androgen concentrations where endometrial cancer was 
compared with a control group did not show any significant difference.67

Obesity is associated with decreased levels of sex hormone binding globulin 
(SHBG),68’ 69 resulting in more unbound oestrogen, mainly oestradiol, which is 
the most potent oestrogen. Simultaneously, there is, per se, an increased 
oestrogen pressure due to the increased conversion rate.

No difference in progesterone concentration has been shown between 
endometrial cancer and control groups and low concentration has not been 
associated with an increased risk of cancer.60’70-72 After menopause, progester
one concentrations are comparable with the low levels of the follicle phase in 
fertile women and elevated oestrogen levels causes a constant ”anovulatoric 
state”. The importance of having a progesterone concentration in balance with 
oestrogen has been shown when studying hormone substitution therapy. In 
studies with cyclic high-dose therapy, 8 of 22 developed hyperplasia, and 1 of 24 
during sequential low-dose therapy.75

The influence of endogenous hormones on the growth of endometrial 
carcinoma in vivo is one of the topics of this thesis.
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Prognostic factors
The prognosis for a patient with endometrial adenocarcinoma is dependent on 
the malignancy of the tumour and duration of disease and can be expressed in 
the classical prognostic parameters: clinical stage, histopathological grade and 
myométrial invasion. These factors have been the base for choice of therapy. 
Clinical stage (used in these papers) is a strong and independent factor. However, 
as 90 % of the patients are in stages I and II the majority of deaths are in this stage. 
Myométrial invasion has thereby become very important for choice of therapy in 
early stages. In many studies histopathological grade has been correlated to 
survival,129’ 159 but the estimation is subjective.

There is a strong need for objective reproducible methods of compiling a 
prognosis. As a result, different methods for measurements have been developed 
to express proliferation rate. During the last decade, interest has been focused 
upon flow cytometric measurements, since the method is sensitive and reproduc
ible. Ploidy level.74-77 and S-phase fraction77-79 have been shown in several 
studies to be of prognostic value and in multivariate analysis even to be superior 
to traditional parameters, except stage77 or grade.79 The background and its 
relation to other methods are discussed below.

Sex steroid receptors also contain prognostic information and have been of 
clinical interest for hormone treatment with gestagen. This is discussed later.

Ploidy and proliferation: background
An association between a high tumour proliferation rate and prognosis is a general 
feature of human cancer.77’ ^  98 In order to estimate proliferation, several 
morphometric and biochemical methods have been developed.

The first histological base for development of the different measuring methods 
was laid when Miescher isolated ”nuclein” from the cell nuclei.80 This later led to 
the discovery of DNA as the main constituent of the chromosomes and as carrier 
of the genetic code information. In 1936, it was found that the amount of DNA 
doubled during the cell cycle.81

The cell cycle is the name given to the series of events that occur in a 
proliferating cell (Fig. 1):
1. G 1-phase represents the time between the end of mitosis and the beginning 
of the S-phase. Most of the specialised functions of the cell are carried out 
during Gl (and GO).
2. S-phase: The time during which the DNA is duplicated.
3. G2-phase: The phase while the cell prepares itself for mitosis, with the 
number of chromosomes doubled.
4. Mitosis (M) or cell division.
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Figure 1. The cell cycle with its different phases and DNA content.

This occurs provided that the mother cell has doubled its DNA contents. In a 
normal cell the doubling is from 2c to 4c (lc  = 1 set of chromosomes, n=23). 
Immediately before division the chromatin condenses into chromosomes, each 
of which divides in two for distribution to each daughter cell. This phase is usually 
easy to identify in a light microscope. After the mitosis, the cell continues the next 
cycle or enters a resting phase, GO.

Individual cells of human solid tumours have a mean duration in the cell cycle 
of 2 days, but there is a wide variety.82 The cell can chose to re-enter the cycle 
or rest in GO.83 A recent theory is that the cell may also rest in the S-phase, thus 
enter a SO phase.84’85 The explanation would be nutrient deprivation and/or cell- 
crowding phenomena.

The growth rate of a tumour depends upon three main factors: proportion of 
cells in the active cell cycle, the duration of the cell cycle and the amount of cell 
loss, i.e. necrosis and apoptose.8^
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Chromosomes and Ploidy level
The chromosomal changes can be characterised as numerical and structural. 
Numerical changes indicate the gain or loss of chromosomes. Structural changes 
with rearrangements of the chromatin may be of several varieties, e.g. translocation 
and deletion. Chromosome studies on hyperplastic and atypical endometrium 
seldom show aneuploidy,87 and studies on tumourous endometrium show that 
a fairly large part, 42%, retains a diploid chromosome set.88 The pattern is related 
to histopathologic differentiation, and deviations are more common in the 
undifferentiated tumours.89

Ploidy measurements, regardless of method (chromosomal, single cell or 
FCM) show that the majority of endometrial tumours are near diploid, and their 
generally favourable prognosis may be associated with this characteristic.74,77 ’90' 
92 Ploidy also relates, to some extent, to the degree of differentiation.74’ 95> 94

Flow cytometry and ploidy
In the FCM measurement, it is the deviation of DNA content that can be 

estimated. When the cell has the DNA content of a normal set of chromosomes, 
2c, it is diploid, and divergence is regarded as aneuploidy. Lindahl et al. evaluated 
166 endometrial cancers, stages I and II, and showed that DNA ploidy had a much 
more marked prognostic value than the degree of differentiation, myométrial 
invasion and receptor content concentration.75 Britton et al. evaluated 256 
endometrial cancers. The recurrence rate was 10% in the diploid tumours 
compared to 34% in the aneuploid, and in their multivariate analysis only 
histological subtypes and DNA ploidy remained significant.76

Flow cytometry and S-Phase fraction (SPF)
Cytometric investigations are of importance both for prognostic and descriptive 
purposes to increase the understanding of basic tumour biology. FCM is one of 
the methods for studying cell proliferation and today probably the one used most. 
The method reveals the ploidy level and the proportions of cells in the different 
phases, Gl, S and G2 + M. It is a static measurement of the number of cells in S- 
phase and described in a histogram. FCM has the advantage of being an objective 
and rapid technique. FCM also has good reproducibility, given that the conditions 
are optimal.95

After staining the cell suspension with a DNA binding fluorescence the DNA 
content in each cell is measurable. The SPF is calculated from the number of cells 
between the G l and G2 peaks. This calculation is easily done in the diploid case, 
but might be more difficult in certain aneuploid tumours as there may be 
overlapping aneuploid peaks. SPF is known to have prognostic value in a variety 
of tumours: Urinary bladder,96 breast cancer,97 cervical,98 ovarian99 and endome
trial carcinoma.77’ 100

The impact of SPF as a prognostic independent factor has been shown. 
Stendahl et al. found SPF to be, next to clinical stages III and IV, the strongest
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predictor of outcome.77 Rosenberg et al. found that only SPF/ploidy and FIGO 
grade (considering the histological subgroup uterine papillary serous carcinoma) 
were independent prognostic variables.79 Geisinger et al. also found SPF to carry 
prognostic information.78

Other Methods
Other methods for evaluation of proliferative properties are described below. 

Thymidine labelling index (LI).
The description of the thymidine labelling index in the 1950s by Taylor et al. 
provided a new approach to the study of growth kinetics. The added tritiated 
thymidin (3H-TdR) is incorporated in the newly synthesised DNA and detected 
either by autoradiography or by scintigraphy. The method is still in use and 
measures both the duration of all the phases in the cell cycle and the proportion 
of cells in S-phase and mitosis. Disadvantages are the multistep technique and the 
time required. Good correlation has been reported between LI and FCM,101 LI and 
MI.102 Several studies have shown the method’s value in describing the biological 
course of events.105»104

Mitotic index (MI).
The condensation of the chromatin directly prior to mitosis enables us to visualize 
this part of the cell cycle. The method depends on the investigator’s capability to 
recognise the mitosis. Contradictory results on reproducibility, both intra- and 
interindividually, have been reported. The mitotic index relies on the fixation of 
the cells to make the mitosis last and prevent the fission from taking place.105 
Measurements of MI are facilitated by adding a dye, which better visualises 
mitosis.10̂  Several studies have reported MI to be an important predictor for 
survival in different malignancies.107' 109

Bromodeoxyuridine labelling index
Bromodeoxyuridine is a pyrimidine analogue of thymidine which is incorporated 
into DNA by competitive antagonism with thymidine. It can be detected by 
monoclonal antibodies, and used both in vivo and in vitro. The method is able 
to identify different cell-cycle phases, cell kinetic parameters such as S-phase 
duration time, and the potential tumour doubling time (Tp0t) can be calculated. 
It is a faster technique than LI, and does not need radioactive labelling, thus being 
more attractive for in vivo use. A good correspondence between this technique 
and other FCM methods has been described.110

Proliferation-associated antigens
Proliferating cell nuclear antigen (PCNA) is a protein identical to cyclin which 
plays a critical roll in the initiation of cell proliferation as an auxiliary protein for 
DNA polymerase S.

Ki-67 is a nuclear antigen which is expressed in cycling cells but not in 
quiescent cells. Correlation between Ki-67 and SPF has been demonstrated.111
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Receptors
An abundance of receptors could be another reason for increased hormonal 
stress. Compared to the normal endometrium, the hyperplastic one has a denser 
representation of progesterone receptors.112 Others found levels comparable to 
those of the normal proliferative endometrium.25»115 Usually there is a decreased 
receptor representation in the endometrial adenocarcinoma tissue,25»112»ll4»115 
and also a tendency for a lower receptor content with decreased differentia
tion.116» 117

The receptor might also be low or non-functioning even when present, leading 
to inadequate response to present hormone levels. Thus tumours may be receptor 
positive but non-responding.118 Primary endometrial resistance to progesterone 
has been described, but is probably rare.119

Receptors as a prognostic factor are not as frequently used in endometrial 
cancer as in breast or prostate cancer, but receptor presence seems to be 
favourable for prognosis.78»120-125 Some studies indicate that the progesterone 
receptor has a higher degree of prognostic value than oestradiol receptors, or is 
perhaps the only receptor with a sufficient prognostic value.117» 120» 126-128 
However, the results are not unambiguous.
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Aims of the study

To describe the relation between clinical parameters, associated with endome
trial adenocarcinoma, and plasma levels of the sex steroid hormones: 
oestrone, oestradiol, progesterone, androstenedione and testosterone.
To study the distribution and interrelationship between the plasma concentra
tion of oestrone, oestradiol, progesterone, androstenedione and testosterone 
in endometrial adenocarcinoma patients.
To investigate the endogenous concentration and balance of oestradiol and 
progesterone and their relation to flow cytometric SPF and ploidy in endome
trial adenocarcinoma.
To investigate the SPF, ploidy level and receptor content in endometrial 
carcinoma tissue in relation to oestradiol and progesterone plasma concentra
tion.
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Material and methods

Patients
The patient material in Papers I and III consisted of 128 consecutive postmenopausal 
women with adenocarcinoma of the endometrium, admitted to the Department 
of Gynaecologic Oncology, University Hospital, Umeå between July 1984 and July 
1986. The median age was 67 years (range 50-94). To be defined as postmenopausal, 
two years of amenorrhea before clinical symptoms of malignancies was required.

All patients were examined under anaesthesia and fractional uterine curretage 
was performed. According to the clinical FIGO system, the clinical staging of the 
patients was as follows: 111 (87%) of the patients were in stage 1,10 (8%) patients 
in stage II, 3 (2%) patients in stage m  and 4 (3%) in stage IV. According to the WHO 
classification,129 42 (33%) tumours were well differentiated, 67 (52%) moderately 
differentiated and 19 (15%) poorly differentiated . All specimens were reviewed 
by the same pathologist, who confirmed the diagnosis of endometrial adenocar
cinoma.

The patient material in Papers II and IV consisted of the same 128 patients as 
discussed in Papers I and DI. Ninety-nine tumour samples were available for FCM 
analysis. The difference was due either to necrotic or insufficient samples or to 
prior surgery.

The patient material in Paper V, where also receptor analyses were performed, 
consisted of 60 patients taken from the later part of the bigger consecutive material 
from Papers I and ID.

The patient material analysed for FCM (n=99) and for receptors (n=60) was 
compared with the consecutive group (n=128) as regards hormone concentra
tions, grade, age, BMI, SPF and ploidy level. No significant differences were found 
between the groups (Table 1).

Clinical parameters
The clinical parameters investigated were: Clinical stage of disease, histopathology, 
body mass index (BMI) weight, depth of uterine cavity, age, pregnancy, parity, 
years of menstruation, menopausal age and years, hypertension and diabetes 
mellitus.

19



Table 1. Mean horm one levels and clinical parameters in  the patient 
groups from  paper I+m, n+IV and V. No significant differences betw een  
m aterials w ere found.

Analysis____________________________
Hormone FCM_________ Receptor

Number 127 99 60
Oestrone (pmol/1) 247 263 284
Oestradiol (pmol/1) 85+ 87 98
Progesterone (nmol/1) 0.51 0.51 0.55
Androstenedione (nmol/1) 2.9 2.9 2.8
Testosterone (nmol/1) 1.2 1.2 1.2
Peridiploid (%) - 80 77
Aneuploid (%) - 20 23
S-phase fraction (%) - 11.7* 12.1
Depth of uterine cavity (cm) 7.7 7.7 8.0
Age (years, median) 67 68 68
BMI (kg/m2) 29 29 29
Weight (kg) 73 74 73
Stage I (%) 87 87 85
Grade 1 (%) 33 27 32
Grade 2 (%) 52 56 47
Grade 3 (%) 15 17 22

+ n=126 patients. ̂ n^TÖ patients

Hormone assays
Pretreatment blood samples for oestrone, oestradiol, progesterone, androstenedione 
and testosterone assays were collected between 10 a.m. and 1 p.m. After 
centrifugation, the plasma was frozen directly in small aliquots and stored at -70 °C 
until analysed. Plasma levels of oestrone, oestradiol, testosterone, androstenedione 
and progesterone were measured in duplicate samples by radioimmunoassay 
(RIA) after celite chromatography for each patient. The RIA method used has been 
described elsewhere. *3° All samples from the same patient were assayed in 
duplicate in the same run. The accuracy of each method is expressed as the 
coefficient of the intra-assay variation, which has been calculated as the variation 
between duplicates of the same sample within the same assay. If the mean value 
differed more than 30% between the duplicates, the sample was reassayed before
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it was accepted. In order to express the accuracy of the method in terms of 
coefficient of inter-assay variation, the same sample was analysed in triplicate for 
each assay run. The middle sample in the assay had only 50% of the volume 
compared with the other two, thereby enabling parallelism to be controlled.

Antisera for oestrone used were obtained from Bio Mérieux (Charbonnierers, 
France) and for oestradiol from Miles-Yeda (Rehvat, Israel). Interassay coefficients 
of variation were 12.7% and 13% and intraassay 10.5 and 10.0% for oestrone and 
oestradiol, respectively. Antisera used for progesterone and androstenedione 
were obtained from Endocrine Sciences, Tarzana, California and for testosterone 
from Chemical Laboratory, The Faculty of Veterinary Medicine, University of 
agricultural Sciences, Uppsala, Sweden). Interassay coefficients of variation were 
7.5%, 9.9% and 10.4% and intraassay 5.5%, 8.0% and 8.4% for progesterone, 
androstenedione and testosterone, respectively.

Hormone levels from postmenopausal healthy women were used as reference 
to define dividing points between ”low” and ”high” plasma hormone concentra
tion.131 A concentration below the mean of the reference value (60 pmol/1) was 
considered as low and concentration equal and above the mean +2 SD was 
considered as high (120 pmol/1).

Flow cytometry
Samples for flow cytometry were taken at the second curretage. The specimens 
were preserved in a 12% DMSO (dimethylsulphoxide) solution and instantly 
frozen to -70°C. Before preparation the biopsies were thawed at room tempera
ture for 60-90 minutes.

A suspension of cell nuclei was obtained using a combined mechanical and 
enzymatic technique, described by Tribukait et al.132 Cells were fixed in absolute 
ethanol and digested with RNAse and pepsin. The suspended nuclei were washed 
and stained with ethidium bromide. The DNA content of a mean number of 30 000 
cell nuclei was analysed from each tumour biopsy. For the analysis an ICP11 flow 
cytometer, with a flow rate of up to 1000 cells/sec was used. The excitation and 
emission wavelengths were 455-490 nm and 590-630 nm, respectively.

The tumour DNA values were expressed as relative values, where the DNA 
content of normal diploid G0/G1 cells was given the value 2.0c. Human 
lymphocytes with a diploid DNA content (2.0c) and with a coefficient of variation 
of 2-3%, were used as an external standard. The modal DNA value of each sample 
was defined by the most prominent G0/G1 peak. Ploidy levels of 1.8-2.2c were 
regarded as near diploid (peridiploid) tumours, with other values considered to 
be aneuploid.

Diploid and peridiploid tumours in this study were considered as one group, 
since these groups together have a better prognosis than tumours outside this 
range.77

When possible, SPF was calculated as the proportion of cells between the Gl 
and G2 peaks, corrected for background fluorescence, according to the simplified 
method described by Baisch et al.133
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Steroid receptors
An immunohistochemical localisation of oestrogen and progesterone receptors 
was performed using commercial reagent sets (Abbott Laboratories, Diagnostic 
Division, North Chicago, IL) according to the instructions of the manufacturer. The 
results were evaluated as specific staining: not present (-), weak (+) , moderate 
(++) and strong (+++). All three grades of staining have been interpreted as 
receptor-positive.

Data analysis
The Mann-Whitney U-test or the Kruskal-Wallis test was used when non- 
continuous parameters, such as histopathology, clinical stage, ploidy level and 
receptor content were analysed for differences in hormone concentration and 
other parameters. Continuous clinical parameters, such as hormone concentra
tions, SPF and age, were studied by using Spearman’s rank correlation or normal 
correlation coefficient analysis. Chi-square and Fisher’s exact tests were used for 
comparing frequencies.

Hormone concentrations of all patients were studied and described. The 
distribution patterns were described in histograms, in skewness to reflea the 
degree of symmetry in the distribution, and kurtosis to measure the amount of data 
in the tail.

Mean, ±SE, was used if not otherwise stated.

Table 2. Statistical m easurem ents o f horm one concentrations.

Skew- Kur-
Mean ±SE Median Min Max ness tosis

El Cpmol/1) 247 17 191 18 1196 2.1 5.5
E2 (pmol/1) 85 8.3 59.5 5 628 3.5 15
T (nmol/1) 1.2 0.046 1.04 0.17 3.3 1.0 1.5
A (nmol/1) 2.9 0.13 2.52 0.9 9.8 1.8 4.6
P (nmol/1) 0.51 0.024 0.50 0.03 1.8 0.83 2.4

El: Oestrone. E2: Oestradiol. T: Testosterone. A: Androstenedione. P: Progesterone.
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Results

Hormone concentrations and clinical parameters 
(Papers I and III)
From the 128 patients, 126 oestradiol assays were obtained together with 127 
assays from each of oestrone, progesterone, androstenedione and testosterone. 
Values for mean, ±SE, median, range, skewness and kurtosis are given in Table
2. The distributions of the hormones are shown in Figs. 2-6. Oestradiol and 
oestrone had a skewed distribution, both with a tail towards high concentrations. 
The same tendency was noted for androstenedione.

Awide range of values was obtained for the oestrogens: oestrone 118-1196 and 
oestradiol 5-628 pmol/1. Eighteen patients (14%) had an oestradiol concentration 
above 120 pmol/1, a value corresponding to levels seen in proliferation phase in 
fertile women. This was arbitrarily regarded as a high value in our analysis. 
Progesterone had a range between 0.03-1.75 nmol/1. The concentrations 
(>1 nmol/1) are comparable to values seen during the proliferative phase.

The correlations between and p-values for different hormone concentrations 
are shown in Table 3 and Fig. 7. Oestrone correlated with oestradiol, testosterone, 
androstenedione and progesterone. Oestradiol correlated with oestrone, 
testosterone and androstenedione. Progesterone correlated with oestrone. 
Androstenedione correlated with oestrone, oestradiol and testosterone. Testosterone 
correlated with androstenedione, oestrone and oestradiol.

Table 3. Interrelation betw een the plasm a horm one concentrations.

El E2 T A P
El - p=0.0001 p=0.002 p-0.03 p^O.Ol
E2 rsÄ0.63 - p=0.003 p=0.02 ns
T rs=0.28 rs=0.27 - p*0.02 ns
A rs=0.19 rs=0.20 rs=0.20 - ns
P rs=0.22 rs=0.04 rs=0.06 rs=-.08 -

rs = Spearman rank correlation coefficient, ns =not significant.

The hormone concentrations were analysed against the clinical parameters 
mentioned in the section on Material and Methods. The results are summed up 
in Table 4. BMI, weight and depth of uterine cavity were the features which most 
consistently correlated with oestrone and oestradiol. A negative correlation 
between androstenedione and age was found. There were significant relations 
between oestrogens and diabetes mellitus and oestradiol and hypertension, 
respectively.
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Figure 7. A schematic figure of the steroid synthesis, with arrows showing the 
pathways, and dotted lines showing the significances found between the 
hormone assays of P, A, T, El and E2. Significance values are shown in Table 3.
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Table 4. Correlations and significances betw een investigated clin ical 
param eters and horm one concentrations.

El_______E2_______ P________ A________T
Grade 1-3 ns ns ns ns ns
Stage I-IV ns ns ns ns ns
Depth of uterine cavity 0.43 0.31 ns ns ns
Residual tumour ns ns ns ns ns
Age 0.18 ns ns 0.22 ns
BMI 0.43 0.52 ns ns ns
Weight 0.36 0.44 ns ns ns
No. of pregnancies p<0.05 p<0.05 ns ns ns
No. of parities ns p<0.05 ns ns ns
Age of menarche ns ns ns ns ns
Age of menopause ns ns ns ns ns
Years of menstruation ns ns ns ns -0.20
Menopausal years ns ns ns -0.25 0.20
Hypertension ns p<0.05 ns ns ns
Diabetes mellitus* pO.OOl p<0.01 ns ns ns

El:Oestrone. E2: Oestradiol. T:Testosterone. A: Androstenedione. PProgesterone. 
P<0.05: rs=0.18-0.20. p<0.01: rs=0.22-0.25. pO.OOl: rs=0.31-0.52.
+The diabetes mellitus group had a significantly higher BMI, p<0.05.

Hormone concentrations and flow cytometric analysis (FCM) 
(Papers II and IV)
Ninety-nine tumours were available for flow cytometric analysis. Seventy-nine 
tumours (80 %) were peridiploid and 20 (20 %) were grossly aneuploid. DNA 
values between 1.7 c and 4.0 c were found. S-phase fraction (SPF) was evaluable 
in 78 (79 %) of the samples. The mean value was 11.7%; range 4.0% -34.9%. 
Aneuploid tumours had a higher mean SPF than peridiploid tumours, 16.4% and 
10.5%, respectively (p< 0.001).

There was no difference between peridiploid and aneuploid tumours in mean 
hormone levels of oestrone, oestradiol, progesterone, androstenedione and 
testosterone, and no correlation was found between hormone concentrations and 
SPF when the whole group was studied.

The material was further studied in subgroups stratified for tumour grading 
and ploidy level.
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Table 5. D efin ition o f cutoff levels that produced significant differences 
betw eensubgroups,1* defined according to ploidy level and tum our grading.

Diploid & Aneuploid Diploid
nmol/1 0.6 0.7 0.8 0.9 0.6 0.7 0.8 0.9

W+M+P ns ns ns p<0.04 ns ns p<0.05 p<0.01
W+M ns ns p<0.01 *o A O Ö ns ns p<0.01 p<0.01
W ns ns p<0.03 - ns ns p<0.05 -
M ns ns ns - ns ns - -
P ns ns ns - ns ns - -

W: well differentiated; M: moderately differentiated; P: poorly differentiated. 
+The subgroups W, M and P were subjected to stepwise analysis at the cutoff levels 
of progesterone shown in the table. Where few observations were made, no 
statistical value is given.

There was no linear correlation, but when progesterone concentration 
exceeded 0.8 nmol/1 a lower S-phase fraction was demonstrated in the subgroups 
of: (1) well (2) well and moderately (3) diploid: well, (4) diploid: well and 
moderately and (5) diploid: well, moderately and poorly differentiated tumours 
(Table 5 and Figs. 8-9). When poorly differentiated and/or aneuploid tumours 
were excluded, the correlation between higher progesterone concentration and 
lower SPF became more obvious.

The following four subgroups were analysed for oestradiol: (1) aneuploid: 
well, moderately and poorly differentiated, n=l6 (20%), (2) diploid: well- 
differentiated, n=20 (26%), (3) diploid: moderately differentiated, n=34 (44%) and 
(4) diploid: poorly differentiated tumours, n=8 (10%). The aneuploid group 
showed a high SPF which did not relate to oestradiol concentration, and neither 
did the group diploid: poorly differentiated tumours. The diploid: well differen
tiated tumours analysed as a whole group showed no significant linear correla
tion, but the subgroup with low oestradiol concentration, <60 pmol/1, had lower 
SPF than the group with oestradiol concentration above 60 pmol/1, p< 0.01. Still 
the SPF was below the mean of the peridiploid group (9.6% and 10.5% 
respectively). Diploid: moderately differentiated tumours showed a negative 
correlation between oestradiol concentration and SPF, p< 0.05, rs= 0.40 (Fig. 10).

The SPF, on one hand, was similar in the subgroup consisting of patients with 
high oestradiol (>120 pmol/1) and low progesterone (<0.5 nmol/1,6 of 78 patients) 
compared with the complementary subgroup. The subgroup with low oestradiol 
(<60 pmol/1) and high progesterone (>0.8 nmol/1, 6 of 78 patients) showed, on 
the other hand, a significantly lower S-phase fraction, 7.3% and 12.1%, p<0.005).
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A D:W D:M D:P

Figure 10. SPF (±SE) in the groups defined according to ploidy level, tumor 
grading and oestradiol level. The oestradiol concentration in the left bar is <60 
pmol/1 and in the right bar >60 pmol/1. A: aneuploid; D:W diploid: well 
differentiated, D:M diploid: moderately differentiated and D:P diploid: poorly 
differentiated. 0i0=p<0.05 (^"^)=p< 0.01.

Oestrone, androstenedione and testosterone were analysed in relation to SPF in 
the same manner, without finding any correlations or differences between the 
groups.

Hormone concentrations, FCM and sex steroid receptors 
(Paper V)
Sixty tumours were analysed for oestrogen and progesterone receptors. Fifteen 
out of the 60 tumour samples were receptor positive, and 45 were receptor 
negative. Nine were positive for oestrogen receptors (ER+) and 12 for progester
one receptors (PR+). Six tumours were stained for both ER+ and PR+. Six biopsies 
showed only PR+ and thus lacked ER+ and 3 were only ER+ (Fig. 11).

The following parameters were analysed in the different receptor positive 
subgroups against the receptor negative one: Ploidy level, SPF and plasma 
concentrations of oestrone, oestradiol, androstenedione, progesterone and 
testosterone. The results of ploidy level, SPF, and levels of oestradiol and 
progesterone are shown in Table 6.
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ER+ Both PR+

Figure 11. The distribution of oestro
gen and progesterone receptor 
positivity in the 15 tumours stained for 
receptor presence.

Table 6. SPF, ploidy level, estradiol and progesterone plasm a concentra
tion  In the different receptor groups. The receptor positive groups w ere 
com pared w ith  the receptor negative group.

S-Phase Fraction
SPF 

No. %

Ploidy level
Aneu 

No. ploid
Peri
diploid

Hormones
E2 P 
pmol/1 nmol/1

Ree neg+ 37 13 42 11 31 ( 74%) 104 0.55
ER+ or PR+ 13 9.3* 14 2 12 ( 86%) ns ns
ER+and PR+ 4 9.1 5 0 5 (100%) ns ns
ER+ 7 8.1* 8 0 8 (100%) ns ns
PR+ 10 10.1 11 2 9( 82%) ns ns
ER+ PR- 3 6.7 * 3 0 3 (ioo%) ns ns
PR+ ER- 6 10.7 6 2 4( 67%) 124* ns

+The receptor negative group was used as a control group.
SPF was evaluable in 50 tumours and ploidy level in 56 tumours. 
E2: oestradiol; P: progesterone.
(*)=p<0.05.

Fifty-six tumours were evaluated for ploidy level and 50 for SPF. A low SPF 
was seen in the groups with oestrogen receptors, p<0.05 (Table 6). No other 
differences in SPF were noted. There was no significant difference in ploidy level 
between the different receptor subgroups. Several groups were small. It is 
noteworthy that all ER+ tumours were peridiploid, while in the group (PR+ER-), 
2 of 6 were aneuploid.

Among the tumours positive for progesterone receptors, only (PR+ER-) 
showed a significantly higher concentration of oestradiol than the receptor- 
negative group (p<0.05). As to the oestrogens, this was the only difference found 
between the groups. There were no significant differences seen for progesterone 
(Table 6).
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General Discussion

In Papers I and in  the clinical parameters, analysed against the hormone 
concentrations, demonstrated that BMI and depth of the uterine cavity were the 
parameters that most consistently correlated to both oestrone and oestradiol. BMI 
and its correlation to the oestrogens is reported elsewhere,15, 65,154 and further 
discussed below.

Oestrone levels correlated with age, otherwise there was no association 
between oestrogens and age. This result is consistent with some previous 
findings,15, 6l* 154 but contradicts others.155 The negative correlation between 
androstenedione and age is in agreement with what has earlier been shown.154 
The reason why the concentrations of oestrogens do not decrease, while that of 
androstenedione does, could be related to the increase in aromatase activity 
during ageing.14,136 There was no significant change of BMI with age.

Parity is of interest in endometrial carcinoma and it has been found that 
nulliparous and low parity women have a higher frequency of endometrial 
carcinoma.54,157 In this study, both oestrone and oestradiol showed significant 
positive correlation with the total number of pregnancies but the number of 
children born showed only a significant positive correlation with oestradiol. No 
obvious explanation for this result was found.

Endometrial carcinoma is known to be more common in nulliparous and low 
parity women.54,157

There were significantly higher values of both oestrone and oestradiol in the 
diabetic patients, but BMI was also significantly higher in this group. Similar 
correlations have been shown earlier.65 The hypertensive patients demonstrated 
significantly higher oestradiol levels than normotensive ones. In this case, BMI 
was comparable between groups. There was no evident explanation of these 
relations and it would appear that they require further study.

Previous investigations have reported higher levels of oestrogens in well 
differentiated tumours.158 The present investigation was unable to support this. 
The difference might depend upon the materials used. The present study includes 
only postmenopausal women and the oestradiol concentration was less than half 
of that in the other study.

Progesterone concentration was investigated in relation to the same param
eters and no correlations were found. In the etiology of endometrial cancer, 
progesterone has not been connected with any of the risk factors mentioned. 
Theoretically a deficit could be as crucial as an abundance of oestrogen, but no 
differences concerning progesterone concentrations between patients and con
trols have been shown.60, 70-72

Oestrogen has long been considered as an important risk factor for developing 
endometrial carcinoma.42 Both oestrone and oestradiol values were distributed 
over a wide range, with a considerable proportion in the range of premenopausal 
ovulating women. There were also patients with low concentrations, which 
supports the opinion that hormone concentrations cannot be the only factor for 
development of endometrial carcinoma.56 The highest progesterone concentra
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tions in these patients were well below the levels seen during the secretory phase 
of fertile women, where progesterone exerts its main function.

Non-ovarian sources assume major roles in oestrogen production in meno
pause. Adipose tissue has been identified and described as an important source 
of oestrone.61 The presence of aromatase enzymes in adipose tissue has 
previously been shown in several publications,^’ 156 and thus aromatase enzymatic 
activity is dependent on the amount of adipose tissue.10 This indicates the 
presence of a rate-limiting step. The finding of a strong positive correlation 
between BMI and oestrone concentration gives further credence to this statement.

In Paper ID, the analysis of different hormone concentrations showed several 
interrelations. The correlation between androstenedione and oestrone (p<0.05) 
is in agreement with earlier observations,154 but there are also reports where no 
correlation was found.6 The correlation between progesterone and oestrone 
appears to have attracted less interest.

There was a highly significant correlation between oestrone and BMI but none 
between BMI and androstenedione or progesterone. That oestrone depends on 
BMI is understandable, as the synthetic enzymes are situated in the adipose tissue, 
especially if the aromatase enzyme is a rate-limiting step. If so, a relation between 
the precursors and the product will become weaker and might not even be seen 
in plasma. This is in contrast to a situation where aromatase has unlimited 
capacity, when a strong relation between precursors and products would be 
expected. However, if there is a correlation between a precursor and the product 
(progesterone and androstenedione versus oestrone), as was the case in this 
study, it is likely that this correlation indicates the importance of the precursor. 
The correlation between progesterone and oestrone was even stronger than 
between androstenedione and oestrone, which might indicate that the peripheral 
synthesis of oestrone also has progesterone as a precursor. That would further 
stress the importance of an increased BMI.

In Paper II, the material was analysed on the basis of endogenous hormones 
and their known stimulative and antiproliferative effect on the normal en
dometrium. The proliferative activity was evaluated by FCM, a technique that 
measures the number of cells in the synthesis phase, i.e. the S-phase fraction 
(SPF). Several studies have shown the prognostic value of SPF for endometrial 
adenocarcinoma.77’ 79’ 100

The stimulative effect of oestrogen was only seen in the diploid well- 
differentiated tumour group and with a threshold effect. The response is similar 
to that of the fertile endometrium to oestradiol, in which a certain threshold gives 
the maximum effect on proliferative parameters such as the number of glandular 
mitosis and the amount of DNA + RNA.22-24 Diploid and well-differentiated 
tumours with an oestradiol concentration >60 pmol/1, still had an SPF-value below 
the mean value of the whole diploid group. SPF in the poorly differentiated and 
aneuploid tumours was high, regardless of the oestradiol concentration.

Uterine depth and size probably have minor or neglectable prognostic value. 
The uterine depth of cavity correlated with oestradiol concentration which, by 
itself, influences uterine growth. There was no correlation between SPF and depth 
of the uterine cavity in this material. In previous studies, multivariate analysis did 
not demonstrate any correlation between depth and survival, while SPF was
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highly correlated to survival.77, 140 Depth of uterine cavity still influences the 
subdivision of clinical stage, but recent information indicates that uterine size is 
not an independent risk factor, but rather relates to cell type, grade and 
myométrial invasion.141 Delayed diagnosis and a tumour location preventing 
drainage of the cavity are other reasons for uterine enlargement.

In the association between progesterone concentration and SPF a more 
general influence could be seen in the different subgroups (Paper IV). SPF 
decreased significantly when progesterone reached a concentration of 0.8 nmol/ 
1 if the aneuploid or poorly differentiated tumours were excluded. Progesterone 
thus related to SPF even in groups where the tumours have more malignant 
characteristics, while oestradiol only related to the diploid, well-differentiated 
group. The diploid, moderately differentiated tumours, showed a negative 
correlation with oestradiol and SPF. The receptor content did not differ between 
groups and does not explain the negative correlation. The mean SPF was equal 
to the mean of all tumours, 11.7%.

The association between progesterone concentration and SPF was also seen 
in the endogenous hormone balance. The group with low oestradiol and high 
progesterone had a lower SPF than the others, while there was no difference 
between high oestradiol and low progesterone and the complementary group. 
Thus also in the hormone balance, the antiproliferative effect of the progesterone 
can be seen through lower SPF. It is known from previous studies that the SPF, 
as measured by FCM, is correlated to survival.77

In Paper V, it is shown that SPF was significantly lower in the oestrogen 
receptor positive groups (ER+), (ER+ or PR+) and (ER+PR-), than in the receptor 
negative group. These groups display a combination of favourable factors, as they 
are also receptor-positive and mainly peridiploid; all in the groups of (ER+) and 
(ER+PR). But no significant difference concerning ploidy and receptor content 
was shown. The groups were throughout small.

Of the receptor positive specimens, 6 were positive only for progesterone 
receptors. This (PR+ER-) representation has also been found by others. 120> 142 
This pattern deviates from the normal endometrium, containing both oestrogen 
and progesterone receptors, but with a later decrease for PR during the secretory 
phase.27, 112, 145 The explanation could be that PR is less sensitive to tumour 
transformation and better resists histological dedifferentiation than ER. It has been 
shown that poorly differentiated tumours were more likely to be (PR+ER-), than 
well-differentiated ones.144

Results on the prognostic value of receptors in the endometrial carcinoma have 
been contradictory, but some reports show that PR per se has better prediction 
value.117,120’12̂ 128 it seems reasonable to conclude that progesterone receptor 
positivity by itself indicates a favourable prognosis. The receptor may persist even 
in the dedifferentiated tumours and consequently the tumour is still adjustable to 
endogenous antiproliferative monitoring through progesterone. In contrast to 
oestradiol, the progesterone concentration showed a more consistent effect on 
the growth rate of endometrial adenocarcinoma. Even in (ER+) tumours, SPF was 
significantly lower than in the receptor negative tumours.

An immunohistochemical technique was used for receptor analysis. The use 
of this technique results in a lower number of endometrial cancer specimens being
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classified as receptor-positive.145»146 This might be due to different sensitivities 
of the biochemical and immunohistochemical assays. Alternatively, tissue 
homogenates used for biochemical assays may contain a substantial amount of 
benign tissue, which may elevate the apparent receptor concentration. The 
different results concerning the prognostic value of receptors could depend on 
these differences.

Oestrogens can be regarded as cocarcinogenous because of their effect on 
developing hyperplasia which, in turn, may be a premalignant stage to endome
trial carcinoma. In this investigation on invasive carcinoma, oestradiol did not 
influence the proliferative rate (Paper II). It might be critical only during tumour 
induction or in a fairly intact endocrine target, as discussed above.

A hormone-poor state might possibly be more precarious. Progesterone above 
a threshold level was associated with decreased SPF (Paper IV). Experiments on 
nude mice have shown that growth under oestrogen-poor conditions leads to 
development of less differentiated tumours and a tendency for enhanced tumour 
growth.147 Oestradiol, within physiological levels or opposed, might no longer 
be a main risk or driving factor in established cancer, and low hormone levels, 
including both low oestrogen and progesterone, might be more critical for 
continued tumour development. If so, a restrictive attitude towards combined 
substitution treatment is unnecessary, and to some extent it has already changed. 
Patients treated for stage I endometrial adenocarcinoma were given substitution 
therapy because of severe postmenopausal symptoms. The recurrence rate was 
lower in the substituted group, and the conclusion was that postoperative 
oestrogen replacement therapy was not contraindicated in selected low-risk 
patients.148“150

Two important questions remain: Should there be a substitution-free period 
after treatment and should progestagen be added? There are no reports in favour 
of an interval between treatment and replacement therapy. Progesterone relates 
to decreased growth rate and a supplement in physiological doses ought to be 
beneficial in the event of occult metastasis.
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Conclusions

Oestradiol and oestrone concentrations are strongly correlated with body 
mass index, weight and depth of uterine cavity. Increased oestradiol concen
tration is correlated to both diabetes mellitus and hypertension, both diseases 
being known to covariate with endometrial adenocarcinoma. The hormone 
concentrations were not correlated to histopathological grade or clinical stage 
of disease, two of the most established prognostic factors.
A wide range of oestrone and oestradiol plasma hormone concentrations was 
seen in the patients. A considerable number had oestradiol concentrations in 
the same range as seen in the proliferative phase of the fertile endometrium. 
Interrelations were found between the two oestrogens, between oestrogens 
and androstenedione, and between oestrone and progesterone. The latter 
correlation could indicate a wider peripheral conversion, giving further 
importance to the amount of adipose tissue.
The influence of endogenous oestradiol on proliferation was ambiguous. 
Increased SPF was seen only in well-differentiated, peridiploid tumours, while 
moderately differentiated, peridiploid tumours had a negative correlation.
The association between progesterone concentration and SPF was of a more 
general nature. Endogenous progesterone above a certain level related to 
lower SPF. The combination of high progesterone and low oestradiol was 
related to a decreased SPF, while high oestradiol and low progesterone did 
not affect SPF.
Presence of oestrogen receptors did not increase proliferation, but SPF was 
significantly lower in oestrogen receptor positive than in the receptor negative 
tumours. SPF did not differ between progesterone receptor positive tumours 
and receptor negative tumours.
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